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EXECUTIVE SUMMARY 

The Department has evaluated the submissions to the Ultra-wideband (UWB) 
consultation process commenced in February, 2005.  This report documents the 
evaluation, whose scope ranges from the quantitative analysis of all compatibility studies 
whether they were submitted directly or cited from previous works such as ITU-R 
contributions, to qualitative assessments of the likelihood of interference based on 
practical, realistic assumptions.  The Department has herein concluded that the impact of 
UWB devices, operating at EIRP levels adopted by the FCC, on radiocommunication 
services is minimal.  The thresholds of the effective rise in noise floor, the distance of 
separation between interferer and victim receiver, and the likelihood of an interference 
event in both time and space are never met in concert. 

The Department’s evaluation went beyond an analysis of submitted material to include a 
survey of public safety networks at 4.9 GHz, microwave landing systems (MLS), radio 
altimeters and other services under-represented in feedback to the consultation.  The 
Department concludes that these services are sufficiently protected from UWB devices 
operating at -41.3 dBm/MHz between 3.1 GHz and 10.6 GHz.   

The methodology of the evaluation treats each radio service separately, and typically 
shows a comparison between the Department’s quantitative analysis and the analysis 
submitted.  The Department’s quantitative analysis either begins with the hypothesis of 
the FCC adopted level for the band in question and works toward an “acceptable” 
separation distance for a single interferer; or assumes a minimal separation distance based 
on photographic evidence of radio installations for site specific analyses and works 
toward an “acceptable” UWB EIRP density. 

For some services, such as Fixed Wireless Access (FWA) at 3.5 GHz and C-Band 
satellite receivers at 3.7 – 4.2 GHz, the calculated effective rise in noise floor can be 
significant even at distances of separation measured in several meters.  Only in these 
cases does the Department’s evaluation then consider the likelihood of the interference 
event in both time and space.  

After the single entry interferer is considered, the analysis considers aggregate 
interference, which includes a more than adequate representation of activity factor of the 
UWB devices and a device placement ratio with respect to attenuating structures such as 
roofs and walls.  In every case, the aggregate analysis yields an “acceptable” number of 
UWB devices greater than what is probable in a realistic setting.   
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1 INTRODUCTION AND ASSUMPTIONS 
 

The Department’s evaluation considers the analyses submitted directly to the consultation 
process, analyses cited by those submissions, and studies on under-represented services in 
the feedback to the consultation such as public safety at 4.9 GHz, mobile landing systems 
(MLS), and radio altimeters.  The Department’s evaluation has established a consistent 
set of assumptions for parameters such as wall attenuation, UWB activity factor, and 
propagation using a default of free-space.  Each radio service compatibility analysis is 
treated consistently with these assumptions, and a conclusion is made for each.  The 
Department’s evaluation makes use of the following assumptions and parameters except 
where stated differently: 

 
1. Average wall attenuation of 12 dB. This attenuation is due to signal propagation 

through a single wall or a single roof. 
2. Average antenna height above ground of about 1.7 m for UWB communication 

devices, which is the average height of a person. 
3. FCC UWB e.i.r.p emission limits as the hypothesis (e.g., -41.3 dBm/MHz for 

UWB communication devices in 3.1-10.6 GHz). 
4. UWB activity factor of 100% of time for single-entry interference scenarios. This 

represents a worst-case assumption. 
5. UWB activity factor for aggregate interference as per Recommendation ITU-R 

SM.1755 (e.g.; 5% for UWB communication devices). 
6. Interference protection threshold based on an interference-to-noise ratio I/N= – 

6dB. This I/N value is effectively a 1dB increase in the noise floor.1 The 
Department is of the opinion that this I/N value is a conservative assumption that 
is appropriate because radio systems of all types employ fade margins greater than 
1dB to account for interference and propagation. 

7. Antenna pattern for satellite earth station receivers of 29 - 25log(θ) 
(Recommendation ITU-R S.580), which is in line with patterns in use in modern 
antennas, and not an envelope of the sidelobe peaks.  

8. An indoor:outdoor UWB device ratio of 80:20 for aggregate interference analysis. 
9. Mostly free-space propagation except where stated otherwise. 
10. Data from the ALS database2 (e.g., antenna height, antenna gain, antenna 

azimuth). 
11. Photography (e.g., satellite) to determine the worst-case interference scenarios 

and to calculate the minimum separation distances. 
 

                                                 
1 N here represents the thermal noise floor of the receiver, N = 10 * log (kTB) + NF, where T = 

noise temperature in kelvins (K), B is the receiver bandwidth in hertz (Hz), k is the 
Boltzmann’s constant of 1.38 x 10-23 W/Hz/K, and NF = noise figure in dB. 

2 The Automated Licensing System database of Industry Canada 
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1.2  EVALUATION OF TECHNICAL STUDIES SUBMITTED TO 
THE CONSULTATION PAPER 

 
This section assesses all technical studies submitted or cited in response to the 
Consultation Paper. 
 

1.2.1 Bell Wireless Alliance Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-bellcomments-01.pdf/$FILE/smse00205-bellcomments-01.pdf 

 
At the time of this submission, the Bell Wireless Alliance (BWA) consists of Aliant 
Telecom Inc., Bell Mobility Inc., NorthernTel Mobility, Northwestel Mobility Inc., 
Sasketchewan Telecommunications and Télébec Mobility.  

 
The BWA is concerned about the degradation of performance of subscriber terminals in 
the PCS (1900 MHz), Wireless Communication Services (WCS) (2300 MHz) and the 
Fixed Wireless Access (FWA) (3500 MHz) bands due to UWB interference. BWA 
participated in the development of and supports the submission of the RABC in response 
to the six questions posed in the UWB Consultation Paper.   
 
The BWA submission concludes that if the signal level of the UWB interferer is allowed 
to exceed the desired signal level at the receiver of the PCS/FWA/WCS subscriber unit, 
severe degradation of the service can be expected.  In the less severe scenario where 
PCS/FWA/WCS communication is not totally disrupted, the submission stated that more 
study is needed to determine how much degradation to the capacity and coverage of 
allocated services should be allowed from the introduction of UWB devices.  
 
1.2.1.1 PCS/Cellular Subscriber Units in the 1900 MHz 
 
This submission provides results from a preliminary field test in the band 1930 – 1990 
MHz on UWB impact on a PCS 1xEV-DO subscriber unit located in an isolated sector 
that is not subjected to co-channel interference.   
 
The BWA conducted a preliminary field test where they placed a 1.9 GHz carrier 1xEV-
DO device in an office cubicle 2 km away from its base-station. They operated the PCS 
device as it normally would function. Then they placed an interfering UWB device at 30 
cm away transmitting at the FCC level of -53.3 dBm/MHz and took measurements. The 
signal-to-noise ratio was degraded as can be seen in a composite figure from the 
submission below:   
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BWA repeated tests where the UWB device is placed at 1 m instead of 30 cm away from 
the 1xEV-DO.  In this case, the submission states that signal throughput is degraded by 
about 20%. However, the BWA submission did not provide test results to support this 
degradation.  
 
The Department’s Evaluation and Conclusion 

 
In the BWA set of field tests, the desired 1xEV-DO signal is at a poor level since the 
signal-to-noise (SNR) ratio without UWB interferer is hovering around SNR = 2 dB. It is 
also clear that not the whole degradation is due to UWB interference since the results in 
the above figure combine the effects of self-interference multipath and UWB 
interference. 
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The BWA submission states clearly that their test results are preliminary and hints to 
errors by about 2 dB between analytical calculations and measurement results perhaps 
due to test equipment calibration. 

 
The BWA submission states that BWA participated in the development of and supports 
the submission of the RABC which cites and supports the work done within the ITU-R 
TG 1/8 on UWB compatibility with radiocommunication services. Therefore, a summary 
table of complete laboratory and field tests included in Report ITU-R SM.2057 and also 
summarized in Recommendation ITU-R SM.1757 is included below.  

 
Impact of a single UWB device on GSM and GPRS downlinks in 1 900 MHz 

Affected 
service Purpose of test Test configuration UWB device 

characteristics Results 

GSM 
downlink 
1 800 MHz 
(Attachment 
7 to the 
Report 
Section 
A7.1.1 and 
A7.1.1.6) 
 

Test 
measurements to 
determine the 
C/IUWB ratio 
required for the 
protection of a 
GSM handset 
from a single 
UWB device in a 
controlled 
laboratory 
environment. 

The victim handset is a 
commercially available 
GSM mobile phone. 
Base station signal 
generated by an Agilent 
8960 Series 10 wireless 
communications test set 
running the E1968A 
GSM/GPRS Mobile Test 
Application (version 
A.03.32). 
Tests measured residual bit-
error-rate (BER) for four 
received signal levels (−102, 
−96, −90, and −84 dBm) 
and two coding schemes 
(CS-1, CS-2).The −102  
dBm corresponds to the 
reference sensitivity level of 
the handset (as specified in 
3GPP TS 05.05/45.005). 

The UWB 
impulse source is 
compliant with 
US rules.  
30 different 
impulse-based 
UWB signal 
types are used 
(combinations of 
PRF, PPM, and 
mono/bi-phase). 
Laboratory tests 
are also repeated 
with a multi-
band OFDM 
UWB transmitter 
(compliant with 
US rules) in 
three 528 MHz 
bands centred on 
3.432 GHz, 
3.960 GHz and 
4.488 GHz. 

C/IUWB = 11 dB. 
The MB-OFDM 
UWB signal did 
not affect the 
BER of the GSM 
downlink for a 
GSM received 
signal level = 
−102 dBm and for 
both coding 
schemes CS-1 and 
CS-2.  
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Impact of a single UWB device on GSM and GPRS downlinks in 1 900 MHz 
Affected 
service Purpose of test Test configuration UWB device 

characteristics Results 

GPRS 
downlink 
1 800 MHz 
(Attachment 
7 to Report 
Section 
A7.1.1.5) 

Test 
measurements to 
determine the 
C/IUWB ratio 
required for the 
protection of a 
GPRS handset 
from a single 
UWB device in a 
controlled 
laboratory 
environment. 

The victim handset is a 
commercially available 
GPRS mobile phone. 
Base station signal 
generated by an Agilent 
8960 Series 10 wireless 
communications test set 
running the E1968A 
GSM/GPRS Mobile Test 
Application (version 
A.03.32). 
Tests measured block error 
rate (BLER) for four 
received signal levels (−100, 
−95, −90, and −85 dBm) 
and two coding schemes 
(CS-1, CS-2). The 
−100 dBm corresponds to 
the reference sensitivity 
level in 3GPP TS 51.010-1 
V5.9.0 Section 14.16.1.2 for 
a class 1 DCS 1 800 
handset. 

The UWB 
impulse source is 
compliant with 
US rules.  
30 different 
impulse-based 
UWB signal 
types are used 
(combinations of 
PRF, PPM, and 
mono/bi-phase). 
Laboratory tests 
are also repeated 
with a multi-
band OFDM 
UWB transmitter 
(compliant with 
US rules) in 
three 528 MHz 
bands centred on 
3.432 GHz, 
3.960 GHz and 
4.488 GHz. 

C/IUWB = 10 dB 
for both coding 
schemes CS-1 and 
CS-2. 
The MB-OFDM 
UWB signal did 
not affect the 
BLER of the 
GPRS downlink 
for a received 
signal level = 
−100 dBm and for 
both coding 
schemes CS-1 and 
CS-2.  

GSM/GPRS 
1 800 MHz 
downlink 
(Attachment 
7 to Report) 

Field tests to 
determine an 
appropriate UWB 
e.i.r.p. density 
limit (dBm/MHz) 
for the GSM/ 
GPRS 1 800 MHz 
band that will 
ensure that, under 
test conditions, the 
presence of a 
single UWB 
device in the 
vicinity of a 
handset will not 
trigger the power 
control 
mechanism of the 
BTS serving the 
handset in an 
indoor 
environment. 

Commercial GSM and 
GPRS network and handsets 
were used for tests with the 
help of a major mobile 
cellular operator. 
Base station transmission 
power and RxQual of the 
GSM handset were used as 
the monitoring parameters. 
For GPRS BLER and LLC 
throughput was used. 

The UWB 
impulse source is 
compliant wit 
US rules.  
19 different 
impulse-based 
UWB signal 
types are used 
(combinations of 
PRF, PPM, and 
mono/bi-phase). 
The device using 
UWB 
technology is 
located at 30 cm 
away from a 
victim handset. 

Threshold e.i.r.p. 
values are higher 
than −53 dBm/ 
MHz (currently 
permitted US 
mask for indoor 
devices using 
UWB 
technology). 
Assuming a free-
space path loss of 
27 dB over 30 cm 
and a bandwidth 
scaling factor of 
7 dB, the C/IUWB 
observed in this 
experiment ranges 
from −3 dB to 
4 dB, which is 
much lower than 
the 11 dB 
required for the 
protection of 
GSM and GPRS 
systems. 
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Test Measurement to determine the impact of Multiple UWB devices on GSM/GPRS downlink in 1 800 MHz 

Purpose of test Test configuration UWB device 
characteristics Results 

Laboratory tests to 
measure the residual 
bit-error rate (RBER) 
of the GSM 
downlink and the 
block error rate 
(BLER) of the GPRS 
downlink in the 
presence of 1, 2, 4 
and 8 active UWB 
transmitters. Test 
measurements to 
determine the C/IUWB 
ratio required for 
protection of a GSM 
handset from 
multiple devices 
using UWB 
technology. 

The victim handset is 
a commercially 
available GSM 
mobile phone. 
Base station signal 
generated by an 
Agilent 8960 Series 
10 wireless 
communications test 
set running the 
E1968A GSM/GPRS 
Mobile Test 
Application (version 
A.03.32). 
Tests measured 
residual bit-error-rate 
(BER) for a received 
signal level at 
handset −90 dBm. 
Coding scheme CS-2 
was used with GPRS. 

The emission limits of 
the 8 UWB sources 
are compliant with US 
rules.  
30 different impulse-
based UWB signal 
types are used 
(combinations of PRF, 
PPM, and mono/bi-
phase). 
 

(Annex 5 to TG 1/8 Report Section 
4.4.3.1) 
For the GSM case, the results provide 
experimental evidence that linear power 
addition applies well to the aggregation of 
UWB signals. 
Similar results are reached for GPRS 
considering the logarithmic average of the 
IUWB values.  
For the given number of UWB sources, the 
log average C/IUWB increases linearly with 
the number of active UWB transmitters.  

Study below is in (Attachment 7 to TG 1/8 Compatibility Report Section A7.1.1.6 and A7.1.3) 
Indoor GSM:  
No degradation was 
observed for near BS 
and cell edge at 
50 cm separation.  
For cell edge at 
30 cm separation, 
the impact of the 
number of devices 
using UWB 
technology is not 
clear, partly because 
of environmental 
factors. 

Indoor GPRS: 
No measurable 
impact on the 
performance of the 
victim receiver 
regardless of the 
UWB signal type 
or number of 
transmitters for all 
test scenarios. 
 

Field tests to 
determine an 
appropriate UWB 
e.i.r.p. density limit 
(dBm/MHz) for the 
GSM/GPRS 
1 800 MHz band that 
will ensure that, 
under test conditions, 
the presence of a 
single device using 
UWB technology in 
the vicinity of a 
handset will not 
trigger the power 
control mechanism 
of the BTS serving 
the handset in an 
indoor environment. 

Commercial GSM 
and GPRS network 
and handsets were 
used with the help of 
a major mobile 
cellular operator. 
devices using UWB 
technology are 
located at 30 cm and 
50 cm away from a 
victim handset at cell 
boundary and also 
near base station (BS) 
scenarios. 
Base station 
transmission power 
and RxQual of the 
GSM handset was 
used as the 
monitoring 
parameters. 
For GPRS BLER and 
LLC downlink 
throughput was used. 

Multiple devices using 
UWB technology 
compliant with US 
rules are used: 1, 2, 
and 4. 
Experiments are 
carried out both 
indoors and outdoors 
at e.i.r.p. density of 
−63 dBm/MHz and 
for 3 types of UWB 
signals 

Outdoor GSM:  No 
measurable 
degradation in the 
victim receiver’s 
performance 
regardless of the 
UWB signal type or 
number of 
transmitters for all 
test scenarios.   

Outdoor GPRS: 
No measurable 
impact on the 
performance of the 
victim receiver for 
all test scenarios. 
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The above laboratory and field test results show that GSM/GPRS links, with the receiver 
operating at its sensitivity level, in the 1800 MHz band are not affected by UWB single-
entry or aggregate interference. 

 
The Department conducted its own interference analysis in the PCS band 1930 – 1990 
MHz to evaluate UWB impact on 1xEV-DO subscriber units located at a minimum 
separation distance using a single interferer active at 100% of time (worst-case scenario) 
as given in the following table. 

 
The -10 dB bandwidth of the UWB communication device must be within the range 3.1 
-10.6 GHz.  It is unlikely that a physical emitter would exactly follow the “staircase” 
function of the FCC masks. Thus the transmit power spectral density is estimated based 
on linear interpolation between the “internal knees” of the FCC masks. This interpolation 
provides the following average interference e.i.r.p. density. 

 
Linear interpolation of FCC emission masks between 1 610 MHz and 3 100 MHz 

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
1 990 MHz -71.73dBm/MHz -69.18 dBm/MHz 

 
Single interferer active at 100% of time 

Parameter Department’s Evaluation 

Frequency 1990 MHz 

Victim bandwidth 1.25 MHz as per submission 
Reference bandwidth 1 MHz 

Thermal noise (kTB) for T = 290 K  -114 dBm/MHz 

Victim receiver noise figure dB 10 dB as per submission 

Victim receiver thermal Noise -104 dBm/MHz 

In cell & other cell Interference margin  4 dB as per submission  

Multipath fading factor  5 dB  

Noise floor -95 dBm/MHz 

Protection ratio: I/N  - 6dB 

Acceptable interference -101 dBm/MHz 

FCC Indoor UWB Emission limit  -69.18 dBm/MHz (interpolated  e.i.r.p.) 

FCC Outdoor UWB Emission limit –71.73dBm/MHz (interpolated e.i.r.p.) 

Head/Body loss 0dB3 

                                                 
3 Worst case scenario is assumed with the mobile always receiving the direct path of the 

interfering signal. 
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Receiver average antenna gain 0dBi+ 
Loss from Antenna to LNA 2dB+ 

Receiver diplexer loss 0 dB+ 

Antenna Polarization mismatch 0 dB+ 

Free-Space Path loss required  29.80dB indoor  
 27.25 dB outdoor 

Minimum distance (indoor) 0.37 m  for e.i.r.p. of -69.18 dBm/MHz 

Minimum distance (handheld outdoor) 0.28 m  for e.i.r.p. of -71.73 dBm/MHz 

 
BWA is correct in its assertion that an UWB device at a distance of 30 cm and for the 
given test conditions of maximum UWB e.i.r.p. (- 53.3 dBm/MHz), the desired signal 
level, and self-interference multipath will degrade the performance of their 1xEV-DO 
subscriber unit.  

 
It can be seen in the analytical evaluation in the above table that the minimum separation 
distance for PCS 1X systems is 37 cm for a single indoor UWB communication device 
and 28 cm for a single handheld (outdoor) UWB communication device considering 
linearly interpolated FCC e.i.r.p. masks between 1 610 MHz and 3 100 MHz.  

 
For outdoor aggregate interference analysis, the Department employed the link budget 
methodology. A 5% UWB activity factor as per Recommendation ITU-R SM.1755 
(resulting in -13 dB); and an indoor : outdoor UWB device ratio of 80 : 20 with a wall 
attenuation of 12 dB (resulting in – 6dB) were assumed. This 19 dB plus the margin from 
the above table results in +30 dB increase in e.i.r.p. or similarly in interference level 
which allows 1 000 UWB devices located in a ring around the victim receiver at a 
minimum separation distance less than 1m. This device density would be further blocked 
by multiple obstructions (e.g., multiple walls, roofs, trees, etc.) between interferers and 
the victim receivers. As a result, the impact of interference from 1 000 UWB devices 
active at 5% of time will increase the minimum separation distance from outdoor UWB 
communications to about 99 cm.  

 
From the above assessment, the impact of UWB communication devices on a PCS 1xEV-
DO subscriber unit in the band 1930 – 1990 MHz is negligible at linearly interpolated 
FCC emission limits between 1 610 – 3 100 MHz. 

 
It should be noted that 1xEV-DO is more susceptible to UWB interference than 1xRTT 
and that the mobility of both the UWB interferer and the victim will further reduce the 
probability of UWB interference. 

 
BWA postulates that OFDM and future MIMO will be even more greatly affected under 
these conditions. MIMO takes advantage of Rayleigh fading, hence allowing weaker 
signals to be demodulated. From the above simulations MIMO reception will also be 
protected. 
                                                 
+ The mobile is compact and these parameters are difficult to measure. 
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1.2.1.2 WCS Subscriber Units in 2300 MHz 
 
This submission states that the BWA is concerned about the degradation of performance 
of subscriber terminals in the Wireless Communication Services (WCS) 2300 MHz band 
due to UWB interference. The BWA members have acquired spectrum in the 2300 MHz 
band as a result of the 2004 -2005 WCS – FWA Spectrum Auction.  The WCS band is 
licensed for mobile as well as nomadic service, therefore, close proximity between UWB 
devices and WCS terminals should be assumed. 
 
The Department’s Evaluation and Conclusion 

 
No supporting studies were provided in the BWA submission for UWB compatibility 
with WCS 2 300 MHz subscriber units. The WiBro OFDM system in the 2 300 – 2 400 
MHz band is a South Korean system and it is not used in Canada. However, an analysis 
was conducted to consider the protection of the IEEE.802.16e WiBro-like systems, which 
fairly represent possible North American technologies for the band 

  
The -10 dB emission bandwidth of the UWB communication device must be within the 
range 3 100 -10 600 MHz.  It is unlikely that a physical emitter would exactly follow the 
“staircase” function of the FCC masks. Thus the transmit power spectral density is 
estimated based on linear interpolation between the “internal knees” of the FCC masks. 
This interpolation provides the following average interference e.i.r.p. density. 

 
Linear interpolation of the FCC emission masks for UWB communication devices  

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
2 385.5 MHz -68.01 dBm/MHz - 62.80 dBm/MHz 
 

The impact of an UWB device on an IEEE 802.16e mobile subscriber unit in the 2500 
MHz band was evaluated as given in the tale below. 
 

Single interferer active at 100% of time 

Parameter Department’s Evaluation 

Frequency 2 500 MHz 
Thermal noise power density –174dBm/Hz 
Reference bandwidth 1 MHz 
Victim channel bandwidth 5 MHz 
Victim noise figure 5 dB 
Victim noise floor - 101.99 dBm 
In cell & other cell Interference margin  6 dB 
Multipath fading factor  5 dB 
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Protection criteria (I/N) -6 dB 
Tolerable interference at victim receiver -98.98 dBm/MHz 
UWB e.i.r.p. (Interpolated US Indoor limit) -62.80 dBm/MHz (indoor) 
Victim receiver antenna gain 0 dBi 
Victim receiver implementation loss 0 dB 
Required isolation 36.18 dB indoor 
Path loss (Free space) 
Minimum separation distance for free-space 0.61 m  
Path loss (Indoor) CL=20 log 10(f)+29 log 10(d) 
Minimum separation distance for indoor path-loss 0.08 m  

 
For outdoor aggregate interference analysis, the link budget methodology was used. A 
5% UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -13 dB); 
and an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 dB 
(resulting in – 6dB) were assumed. This 19 dB plus the margin from the above table 
results in +23 dB increase in e.i.r.p. or similarly in interference level which allows 200 
UWB devices located in a ring around the victim receiver at a minimum separation 
distances less than 1m. This device density would further be blocked by multiple 
obstructions (e.g., multiple walls, roofs, trees, etc.) between interferers and the victim 
receiver. As a result, the minimum separation distance for free-space increases to 97 cm. 
Thus the aggregate impact of UWB interference from multiple devices is negligible.  

 
From the above assessment, the impact of UWB devices on a WiBro and WiBro-like 
(IEEE 802.16e) subscriber unit in the WCS 2300 MHz is negligible at the FCC linearly 
interpolated emission limits between 1610 – 3100 MHz. 
 
1.2.1.3  FWA Subscriber Units in FWA 3400 – 4200 MHz 
 
The BWA is also concerned about the degradation of performance of subscriber units of 
the Fixed Wireless Access (FWA) service in the 3400 – 4200 MHz band due to UWB 
interference. This submission states that FWA service providers have the option of either 
deploying external wall mounted FWA Customer Premises Equipment (CPE) or the more 
cost effective indoor self-installed units. An indoor FWA CPE will likely be installed in a 
location where there could be a number of UWB devices. FWA operates close to the 
noise floor, hence making the effects of UWB interference more noticeable.  

 
The BWA submission recommends that the UWB emission limit be reduced in the 3500 
MHz FWA band to match the emission limits provided in the 1900 MHz band, as a 
minimum. However, no studies were provided by BWA to support this recommendation. 
 
 
The Department’s Evaluation and Conclusion 

 
The Department notes that the 3400 – 3650 MHz band is allocated in Canada for the 
Fixed Service and has been auctioned. WiMAX systems are deployed in Canada in 3 
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provinces by service providers who acquired spectrum during the auction. It is further 
noted that WiMAX is being deployed in the U.S. in the 2300 MHz band only and not in 
the 3500 MHz band due to other usage and allocations.  

 
In the following interference analysis the Department considered several interference 
scenarios to evaluate UWB impact on Nortel, Redline, and Axxcelera networks. The 
Department considered various scenarios based on WiMAX deployment (indoor/outdoor) 
and type of the UWB device (indoor/outdoor). The Department evaluated the impact of 
single-entry and aggregate UWB devices on both FWA WiMAX consumer premises 
equipment (CPE) and base-stations at 3500 MHz. The WiMAX signal is assumed to be at 
its weakest condition (e.g.; edge of coverage).  In the case of both customer premises 
equipment and base stations, the distance from the antenna to the nearest neighbouring 
home or road is considered to be at least 20 metres for rural, edge of coverage scenarios.   
 
1.2.1.4 Impact on Axxcelera’s WiMAX Networks 
 
The Department notes that Axxcelera WiMAX networks use several modulation 
techniques (BPSK, QPSK, 16QAM, and 64QAM), and several channel coding rates to 
make the best of the radio channel. In addition, the Axxcelera WiMAX network supports 
a single cell and multi-cell structures which enhances network reliability and makes it 
less vulnerable to interference.   
 
The Department’s analysis uses C/I = 10 dB (BPSK). 
 
1.2.1.4.1  Impact of an indoor UWB device 
 
This section evaluates the impact of a single-entry indoor UWB device on Axxcelera 
WiMAX equipment (CPE antenna installed on the roof or side-wall of a house and base-
station). 
 
1.2.1.4.1.1 Minimum separation distance between an indoor UWB device interfering 
with a Axxcelera WiMAX CPE with the antenna installed on the rooftop or side-
wall of a house 

 
The Department assumed the CPE antenna is pointing in the direction of a base-station 
tower with an elevation angle that would result in a CPE antenna gain of 10 dBi in the 
direction of the front neighbour, 0 dBi in the direction of the side neighbour, and -5 dBi 
in the direction of the back neighbour.  
 

Parameters UWB in Back 
Lobe  

UWB in Side 
Lobe 

UWB in Main 
Lobe 

UWB in Main 
Lobe (Max Gain) 

Frequency  3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth  

1.75 MHz 1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver 
Sensitivity 

-100 dBm -100 dBm -100 dBm -100 dBm 

C/I 10 dB 10 dB 10 dB 10 dB 
I max -110 dBm -110 dBm -110 dBm -110 dBm 
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UWB Emission 
Limit 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 10 dBi 19 dBi 

Wall Attenuation 
(12 dB/wall) 

12 dB 12 dB 
 

12 dB 12 dB 

Receiver Cable 
Loss (1 dB/3m) 

2 dB 2 dB 2 dB 2 dB 

Free Space Path 
Loss 

48.13 dB 53.13 dB 63.13 dB 72.13 dB 

Minimum 
Separation 
Distance 

2.76 m 4.90 m 15.50 m 43.70 m 

Protected at FCC 
emission limit? 

YES YES YES See explanation 
below. 

 
The case of an indoor UWB device placed in the main lobe of the the WiMAX CPE 
receiver is highly unlikely.  There would never be a WiMax link placed in such a 
geometrical configuration since the main lobe must have clearance. 
 
The Department concludes that at the above minimum separation distances, the WiMAX 
CPE installed on the rooftop or side-wall of a house is protected from an UWB device 
used indoors by neighbours with one wall/roof separation. 
 
1.2.1.4.1.2 Minimum separation distance between an indoor UWB device 
interfering with a Axxcelera WiMAX base-station 
 
The Department assumed the base station has a 60 degree sectorized antenna with a 
maximum gain of 16 dBi. The cases of a 0 dBi base-station antenna gain in the side lobe, 
-5 dBi in the back-lobe, and 8 dBi in the main-lobe were studied. 
 

Parameters UWB in the Back 
Lobe  

UWB in the Side 
Lobe 

UWB in the Main 
Lobe 

UWB in the Main 
Lobe (Max Gain) 

Frequency MHz 3500 3500 3500 3500 
WiMAX Victim 
Bandwidth MHz 

1.75 1.75 1.75 1.75 

Victim Receiver 
Sensitivity dBm 

-100  -100 -100 -100 

C/I (dB) 10 10 10 10 
I max -110 -110 -110 -110 
UWB Emission 
Limit 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer dBi 

-5 0 8 16 

Wall Attenuation 
(12 dB/wall) 

12 dB 12 dB 
 

12 dB 12 dB 

Receiver Cable 
Loss (1 dB/3m) 

3 dB 3 dB 3 dB 3 dB 

Free Space Path 
Loss dB 

47.13 52.13 60.13 68.13 
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Minimum 
Separation 
Distance 

2.46 m 4.37 m 10.98 m 27.57 m 

Protected at FCC 
emission limit? 

YES YES YES YES 

 
At these separation distances, the WiMAX base-station is protected from an indoor UWB 
device. 
 
1.2.1.4.2 Impact of an outdoor UWB device 
 
This section evaluates the impact of a single-entry outdoor UWB device on Axxcelera 
WiMAX equipment (CPE antenna installed on the roof or side-wall of a house, and base 
station). 
 
1.2.1.4.2.1 Minimum separation distance between an outdoor UWB device 
interfering with a Axxcelera WiMAX CPE antenna installed on the rooftop or side-
wall of a house 
 
This interference scenario is for an outdoor single-entry UWB device active at 100% 
(worst-case) interfering with a WiMAX customer premise equipment with an antenna 
deployed outdoors on a rooftop or side-wall of a house.   

 
The Department assumed that the average height of the antenna of the FWA customer 
unit is 7.5 m above ground level (average height of a house) and the antenna of the base-
station is at 41.5 m above ground level. The antenna of the customer unit is looking 
upwards thus the UWB interferer is mostly in the sidelobe of the antenna (gain ≤ 0 dBi). 

 
The Department assumed the CPE antenna is pointing in the direction of a base-station 
tower with an elevation angle that would result in a CPE antenna gain of 10 dBi in the 
direction of the front neighbour (main-lobe), 0 dBi in the direction of the side neighbour 
(side-lobe), and -5 dBi in the direction of the back neighbour (back-lobe). 
 

Parameters UWB in Back Lobe  UWB in Side Lobe UWB in Main Lobe 
Frequency 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim Bandwidth 1.75 MHz 1.75 MHz 1.75 MHz 
Victim Receiver Sensitivity -100 dBm -100 dBm -100 dBm 
C/I 10 dB 10 dB 10 dB 
I max -110 dBm -110 dBm -110 dBm 
UWB Emission Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Receiver Antenna Gain 
Towards Interferer 

-5 dBi 0 dBi 10 dBi 

Wall Attenuation (12 
dB/wall) 

0 dB 0 dB 
 

0 dB 

Receiver Cable Loss (1 
dB/3m) 

2 dB 2 dB 2 dB 

Free Space Path Loss 60.13 dB 65.13 dB 75.13 dB 
Separation Distance 10.98 m 19.52 m 61.72 m 
Protected at FCC emission 
limit? 

YES YES See explanation below. 
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The Department notes that some of the assumptions used in this analysis are unlikely to 
exist in a real world deployment since the WiMAX CPE would be operating at the very 
edge of coverage, at its maximum sensitivity limit of -100 dBm and in the presence of an 
UWB handheld device that continually transmits. The Department is of the view that a 
conservative sensitivity value of -90 dBm for normal CPE operation is more likely. At 
this level, the effects of the UWB interferer would be entirely ignored by the CPE. 
 
The Department concludes that at the above minimum separation distances, the WiMAX 
CPE installed on the rooftop or side-wall of a house is protected from an UWB device 
used outdoor. 
 
1.2.1.4.2.2 Minimum separation distance between an outdoor UWB device 
interfering with a Axxcelera WiMAX base station 
 
A 40 meter height base station and an individual with an UWB device walking on the 
sidewalk were assumed. In addition, the Department assumed the base station has a 60 
degree sectorized antenna with a maximum gain of 16 dBi. A 0 dBi base-station antenna 
gain in the side-lobe and -5 dBi in the back-lobe are used. 
 

Parameters UWB in the Back 
Lobe  

UWB in the Side 
Lobe 

UWB in the Main 
Lobe 

UWB in the Main 
Lobe (Max Gain) 

Frequency 3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

1.75 MHz 1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver 
Sensitivity 

-100 dBm -100 dBm -100 dBm -100 dBm 

C/I 10 dB 10 dB 10 dB 10 dB 
I max -110 dBm -110 dBm -110 dBm -110 dBm 
UWB Emission 
Limit 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 8 dBi 16 dBi 

Wall Attenuation 
(12 dB/wall) 

3 dB 3 dB 3 dB 3 dB 

Receiver Cable 
Loss (1 dB/3m) 

0 dB 0 dB 
 

0 dB 0 dB 

Free Space Path 
Loss 

59.13 dB 64.13 dB 72.13 dB 80.13 dB 

Minimum 
Separation 
Distance 

9.78 m 17.40 m 43.70 m 109.76 m 

Protected at FCC 
emission limit? 

YES YES YES  See explanation 
below. 

 
The case of an outdoor UWB device placed in the main lobe of the the WiMAX base 
station receiver is highly unlikely at this separation distance. In addition, the minimum 
required separation distance is 109.76 meters without obstructions. However, in a real 
environment, the interfering link will be obstructed by trees and structures resulting in a 
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shorter separation distance. Furthermore, due to the height of the base station and 
obstruction, the WiMAX base-station is protected from an outdoor UWB device. 
 
1.2.1.5  Impact on Redline’s WiMAX Networks 
 
The Department notes that Redline WiMAX networks use several modulation techniques 
(BPSK, QPSK, 16QAM, and 64QAM), and several channel coding rates to make the best 
of the radio channel. In addition, the network supports single cell and multi-cell structures 
which enhance network reliability and makes it less vulnerable to interference.   
 
The Department’s analysis uses C/I = 10 dB (BPSK). 
 
1.2.1.5.1 Impact of an indoor UWB device 
 
This section evaluates the impact of a single-entry indoor UWB device on Redline 
WiMAX equipment (CPE antenna mounted on a window indoors, CPE antenna installed 
outdoors on the roof or side-wall of a house, and a base-station).  

 
1.2.1.5.1.1 Minimum separation distance between an indoor UWB device interfering 
with a Redline WiMAX CPE antenna mounted on a window indoors 
 
The Department assumed the CPE antenna is pointing through a window in the direction 
of a base-station tower with an elevation angle that would result in a CPE antenna gain of 
5 dBi in the direction of the front neighbour (antenna look direction), 0 dBi in the 
direction of the side neighbour (side-lobe), and -5 dBi in the direction of the back 
neighbour (back-lobe). 
 

Parameters UWB in the 
Back Lobe  

UWB in the Side Lobe UWB in the 
Main Lobe 

UWB in the 
Main Lobe 
(Max Gain) 

Frequency 3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

3.5 MHz 3.5 MHz 3.5 MHz 3.5 MHz 

Victim Receiver 
Sensitivity 

-98 dBm -98 dBm -98 dBm -98 dBm 

C/I 10 dB 10 dB 10 dB 10 dB 
I max -108 dBm -108 dBm -108 dBm -108 dBm 
UWB Emission 
Limit 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 5 dBi 10.5 dBi 

Wall Attenuation 
(12 dB/wall) 

24 dB 12 dB 
 

24 dB 24 dB 24 dB 

Free Space Path 
Loss 

39.14 dB 56.14 dB 44.14 dB 49.14 dB 54.64 dB 

Separation Distance 0.98 m 6.93 m 1.74 m 3.10 m 5.83 m 
Protected at FCC 
limit? 

YES YES YES YES YES  
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At the above minimum separation distances, the WiMAX CPE with an antenna mounted 
on a window inside a house is protected from an UWB device used indoors by 
neighbours for both detached (two wall separation) and attached (one wall separation) 
houses. 
 
1.2.1.5.1.2 Minimum separation distance between an indoor UWB device interfering 
with a Redline WiMAX CPE antenna installed on the rooftop or side-wall of a house 
 
The Department assumed the CPE antenna is pointing in the direction of a base-station 
tower with an elevation angle that would result in a CPE antenna gain of 7 dBi 
(corresponding to a CPE antenna height of 7.5 m above ground) in the direction of the 
front neighbour, 0 dBi in the direction of the side neighbour (side-lobe), and -5 dBi in the 
direction of the back neighbour (back-lobe). 
 

Parameters UWB in the Back 
Lobe  

UWB in the Side 
Lobe 

UWB in the Main 
Lobe 

UWB in the Main 
Lobe (Max Gain) 

Frequency 3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

3.5 MHz 3.5 MHz 3.5 MHz 3.5 MHz 

Victim Receiver 
Sensitivity 

-98 dBm -98 dBm -98 dBm -98 dBm 

C/I 10 dBm 10 dBm 10 dBm 10 dBm 
I max -108 dBm -108 dBm -108 dBm -108 dBm 
UWB Emission 
Limit 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 7 dBi 14 dBi 

Wall Attenuation 
(12 dB/wall) 

12 dB 12 dB 
 

12 dB 12 dB 

Receiver Cable 
Loss (1 dB/3m) 

2 dB 2 dB 2 dB 2 dB 

Free Space Path 
Loss 

49.14 dB 54.14 dB 61.14 dB 68.14 dB 

Separation 
Distance 

3.10 m 5.51 m 12.33 m 27.60 m 

Protected at FCC 
limit? 

YES YES YES Unlikely scenario 
because a UWB 
can not be in the 
boresight of the 
WiMAX CPE 
antenna. 

 
At the above minimum separation distances, the WiMAX CPE installed on the rooftop or 
side-wall of a house is protected from an UWB device used indoors by neighbours with 
one wall/roof separation. 
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1.2.1.5.1.3 Minimum separation distance between an indoor UWB device interfering 
with a Redline WiMAX base-station 
 
The Department assumed the base station has a 60 degree sectorized antenna with a 
maximum gain of 18 dBi. A 0 dBi base-station antenna gain in the side-lobe and -5 dBi in 
the back-lobe were assumed as well. 
 

Parameters UWB in the Back 
Lobe  

UWB in the Side 
Lobe 

UWB in the Main 
Lobe 

UWB in the Main 
Lobe (Max Gain) 

Frequency 3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

3.5 MHz 3.5 MHz 3.5 MHz 3.5 MHz 

Victim Receiver 
Sensitivity 

-98 dBm -98 dBm -98 dBm -98 dBm 

C/I 10 dB 10 dB 10 dB 10 dB 
I max -108 dBm -108 dBm -108 dBm -108 dBm 
UWB Emission 
Limit 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 9 dBi 18 dBi 

Wall Attenuation 
(12 dB/wall) 

12 dB 12 dB 
 

12 dB 12 dB 

Receiver Cable 
Loss (1 dB/3m) 

3 dB 3 dB 3 dB 3 dB 

Free Space Path 
Loss 

48.14 dB 53.14 dB 62.14 dB 71.14 dB 

Minimum 
Separation 
Distance 

2.56 m 4.91 m 13.83 m 38.99 m 

Protected at FCC 
limit? 

YES YES YES YES 
Base station is 
assumed at >40 m 
height. 

 
At these separation distances, the WiMAX base-station is protected from an UWB 
handheld indoors. 
 
1.2.1.5.2 Impact of an outdoor UWB device 
 
This section evaluates the impact of a single-entry outdoor UWB device on Redline 
WiMAX equipment (CPE antenna mounted on a window indoor, CPE antenna installed 
on the roof or side-wall of a house, and base-station). 
 
1.2.1.5.2.1 Minimum separation distance between an outdoor UWB device 
interfering with a Redline WiMAX CPE antenna mounted on a window indoor 
 
A neighbour that has a UWB handheld located in his or her front yard was the 
assumption. In addition, the Department assumed the CPE antenna is pointing through a 
window in the direction of a base-station tower with an elevation angle that would result 
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in a CPE antenna gain of 5 dBi in the direction of the front neighbour (antenna look 
direction), 0 dBi in the direction of the side neighbour, and -5 dBi in the direction of the 
back neighbour. 
 

Parameters UWB in the Back Lobe  UWB in the Side Lobe UWB in the Main 
Lobe 

Frequency (MHz) 3500 3500 3500 
WiMAX Victim Bandwidth 
(MHz) 

3.5 3.5 3.5 

Victim Receiver Sensitivity 
(dBm) 

-98 -98 -98 

C/I (dB) 10 10 10 
I max (dBm) -108 -108 -108 
UWB Emission Limit 
(dBm/MHz) 

-41.3 -41.3 -41.3 

Receiver Antenna Gain 
Towards Interferer (dBi) 

-5 0 5 

Wall Attenuation (dB), 12 
dB/wall 

12 12 
 

12 

Free Space Path Loss (dB) 51.14 56.14 61.14 
Separation Distance (m) 3.90 6.93 12.33 
Protected at FCC limit? YES YES YES 
 
At these separation distances, the WiMAX CPE antenna mounted on a window is 
protected from an outdoor UWB device. 
 
1.2.1.5.2.2 Minimum separation distance between an outdoor UWB device 
interfering with a Redline WiMAX CPE antenna installed on the rooftop or side-
wall of a house 
 
A neighbour that has a UWB handheld located in his or her front yard was the 
assumption. In addition, the Department assumed the CPE antenna is pointing in the 
direction of a base-station tower with an elevation angle that would result in a CPE 
antenna gain of 7 dBi in the direction of the front neighbour, 0 dBi in the direction of the 
side neighbour, and -5 dBi in the direction of the back neighbour. 
 
 

Parameters UWB in the Back lobe  UWB in the Side lobe UWB in the Main 
Lobe 

Frequency 3500 3500 3500 
WiMAX Victim 
Bandwidth 

3.5 3.5 3.5 

Victim Receiver 
Sensitivity 

-98 -98 -98 

C/I 10 10 10 
I max -108 -108 -108 
UWB Emission Limit -41.3 -41.3 -41.3 
Receiver Antenna Gain 
Towards Interferer 

-5 0 7 

Wall Attenuation (12 
dB/wall) 

0 0 
 

0 
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Receiver Cable Loss (1 
dB/3m) 

2 2 2 

Free Space Path Loss 61.14 66.14 73.14 
Separation Distance 12.33 21.93 40.09 
Protected at FCC limit? YES See explanation below. See explanation below. 
 
The Department notes that some of the assumptions used in this analysis are unlikely to 
exist in a real world deployment since the WiMAX CPE would be operating at the very 
edge of coverage, at its maximum sensitivity limit of -98 dBm and in the presence of an 
UWB handheld device that continually transmits. The Department is of the view that a 
conservative sensitivity value of -90 dBm for normal CPE operation is more likely. At 
this level, the effects of the UWB interferer would be entirely ignored by the CPE. 
 
The Department concludes that at the above minimum separation distances, the WiMAX 
CPE installed on the rooftop or side-wall of a house is protected from an UWB device 
used outdoor. 
 
1.2.1.5.2.3 Minimum separation distance between an outdoor UWB device 
interfering with a Redline WiMAX base station 
 
A 40 meter height base station and an individual with an UWB handheld walking on the 
sidewalk were assumed. In addition, the Department assumed the base station has a 60 
degree sectorized antenna with a maximum gain of 18 dBi. A 0 dBi base station antenna 
gain in the side lobe and -5 dBi in the back lobe were used. 
 

Parameters UWB in the Back 
Lobe  

UWB in the Side 
Lobe 

UWB in the Main 
Lobe 

UWB in the Main 
Lobe (Max Gain) 

Frequency 3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

3.5 MHz 3.5 MHz 3.5 MHz 3.5 MHz 

Victim Receiver 
Sensitivity 

-98 dBm -98 dBm -98 dBm -98 dBm 

C/I 10 dB 10 dB 10 dB 10 dB 
I max -108 dBm -108 dBm -108 dBm -108 dBm 
UWB Emission 
Limit 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 9 dBi 18 dBi 

Wall Attenuation 
(12 dB/wall) 

0 dB 0 dB 
 

0 dB 0 dB 

Receiver Cable 
Loss (1 dB/3m) 

3 dB 3 dB 3 dB 3 dB 

Free Space Path 
Loss 

60.14 dB 65.14 dB 74.14 dB 83.14 dB 

Separation 
Distance 

10.99 m 19.54 m 55.08 m 155.23 m 

Protected at FCC 
limit? 

YES YES See explanation 
below.  

See explanation 
below. 
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The case of an outdoor UWB device placed in the main lobe of the the WiMAX base 
station receiver is highly unlikely at this separation distance. In addition, the minimum 
required separation distance is 155.23 meters without obstructions. However, in a real 
environment, the interfering link will be obstructed by trees and structures resulting in a 
shorter separation distance. Furthermore, due to the height of the base station and 
obstruction, the WiMAX base-station is protected from an outdoor UWB device. 
 
 
1.2.1.6 Impact on Nortel’s WiMAX Networks 
 
The Department notes that Nortel WiMAX networks use adaptive antennas at both the 
base-station and the consumer premises equipment (CPE). The Nortel network also uses 
several frame sizes, several modulation techniques (BPSK, QPSK, 16QAM, and 
64QAM), and several channel coding rates to make the best of the radio channel. In 
addition, the Nortel WiMAX network supports diversity at both the transmitter and the 
receiver which makes the network highly reliable and less vulnerable to interference.   
 
The Department’s analysis use C/I = 10 dB (BPSK). 
 
The cases of a UWB user interfering with his/her own WiMAX CPE is ignored since the 
user can exercise control over his/her use of UWB or not. 
 
1.2.1.6.1 Impact of an indoor UWB device 
 
This section evaluates the impact of a single-entry indoor UWB device on Nortel 
WiMAX CPE with an antenna mounted on a window indoors and CPE with an antenna 
installed outdoors on the roof or side-wall of a house. The impact on WiMAX base-
stations was also evaluated. 
 
1.2.1.6.1.1 Minimum separation distance between an indoor UWB device interfering 
with a Nortel WiMAX CPE with an antenna mounted on a window indoors 
 
The Department assumed the CPE's antenna is pointing through a window in the 
direction of a base-station tower with an elevation angle that would result in a CPE 
antenna gain of 5 dBi in the main-beam direction (the direction of the front neighbour), 0 
dBi in the direction of the side neighbour (in the side-lobe of the CPE antenna), and -5 
dBi in the direction of the back neighbour (in the back-lobe of the CPE antenna). The 
worst-case of maximum CPE antenna gain (10 dBi) in the direction of interferer (unlikely 
event) was also studied. 
 

Parameters UWB in the 
Back Lobe  

UWB in the Side Lobe UWB in the 
Main Lobe 

UWB in the 
Main Lobe (Max 

Gain) 
Frequency  3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth  

1.75 MHz 1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver -103 dBm -103 dBm -103 dBm -103 dBm 
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Sensitivity  
C/I 10 dB 10 dB 10 dB 10 dB 
Adaptive Antenna 
Gain  

2 dB 2 dB 2 dB 2 dB 

I max  -111 dBm -111dBm -111 dBm -111 dBm 
UWB Tx e.i.r.p. 
density  

-41.3d Bm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer  

-5 dBi 0 dBi 5 dBi 10 dBi 
Max. gain 

Wall Attenuation 
(12 dB/wall) 

24 dB 12 dB 24 dB 24 dB 24 dB 

Free Space Path 
Loss 

39.13 dB 56.13 dB 44.13 dB 49.13 dB 54.13 dB 

Minimum 
Separation Distance 

0.98 m 6.93 m 1.74 m 3.09 m 5.60 m 

Protected at FCC 
emission limit? 

YES YES YES YES YES 

 
At the above minimum separation distances, the WiMAX CPE with an antenna mounted 
on a window inside a house is protected from an UWB device used indoors by 
neighbours for both detached houses (two wall separation) and attached (one wall 
separation) houses. 
 
1.2.1.6.1.2 Minimum separation distance between an indoor UWB device interfering 
with a Nortel WiMAX CPE with an antenna installed on the rooftop or side-wall of 
a house 
 
The Department assumed the CPE's antenna is pointing in the direction of a base-station 
tower with an elevation angle that would result in a CPE antenna gain of 10 dBi in the 
direction of the front neighbour, 0 dBi in the direction of the side neighbour, and -5 dBi 
in the direction of the back neighbour. The worst-case of maximum CPE antenna gain (19 
dBi) in the direction of interferer (unlikely event) was also studied. 
 

Parameters UWB in the Back 
Lobe  

UWB in the Side 
Lobe 

UWB in the Main 
Lobe 

UWB in the Main 
Lobe (Max Gain) 

Frequency 3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth  

1.75 MHz 1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver 
Sensitivity  

-103 dBm -103 dBm -103 dBm -103 dBm 

C/I  10dB 10dB 10dB 10dB 
Adaptive Antenna 
Gain 

2 dB 2 dB 2 dB 2 dB 

I max -111dBm -111dBm -111 dBm -111 dBm 
UWB Tx e.i.r.p. 
density  

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 10 dBi 19 dBi 

Wall Attenuation 
(12 dB/wall) 

12 dB 12 dB 12 dB 12 dB 
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Receiver Cable 
Loss (1 dB/3m) 

2 dB 2 dB 2 dB 2 dB 

Free Space Path 
Loss 

49.13 dB 54.13 dB 64.13 dB 73.13 dB 

Minimum 
Separation 
Distance 

3.09 m 5.50 m 17.40 m 49.03 m 

Protected at FCC 
emission limit? 

YES YES YES Unlikely scenario 
to have an UWB 
device in the bore 
sight of the 
WiMAX CPE 
antenna at this 
distance. 

 
The Department assumed that the average height of the antenna of WiMAX CPE is 7.5 m 
above ground level (average height of a house) and the antenna of the base-station is at 
41.5 m above ground level. The Department notes that the antenna of the customer unit is 
usually looking upwards thus the UWB interferer is mostly in the side lobe of the antenna 
(gain ≤ 0 dBi). 
 
At the above minimum separation distances, the WiMAX CPE installed on the rooftop or 
side-wall of a house is protected from an UWB device used indoors by neighbours with 
one wall/roof separation. 
 
1.2.1.6.1.3 Minimum separation distance between an indoor UWB device interfering 
with a Nortel WiMAX base-station 
 
The Department assumed that the average height of the antenna of the base-station is 41.5 
m above ground level. The Department notes that the coverage distance is a few miles. 
Thus it is safe to assume that the minimum separation distance between the interferer and 
the base-station should exceed 40 m.  
 
A WiMAX base-station that has a 60 degree sectorized antenna with a maximum gain of 
18 dBi was also studied. The Department further studied the cases of a 9 dBi base-station 
antenna gain in the main beam, 0 dBi base-station antenna gain in the side-lobe direction, 
and -5 dBi base-station antenna gain in the back-lobe direction. 
 

Parameters UWB in the Back 
lobe  

UWB in the Side 
Lobe 

UWB in the Main 
lobe 

UWB in the Main 
lobe (Max Gain) 

Frequency  3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

1.75 MHz 1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver 
Sensitivity 

-103 dBm -103 dBm -103 dBm -103 dBm 

C/I  10 dB 10 dB 10 dB 10 dB 
Adaptive Antenna 
Gain 

5 dB 5 dB 5 dB 5 dB 

I max -108 dBm -108 dBm -108 dBm -108 dBm 
UWB Tx e.i.r.p. -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
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density 
Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 9 dBi 
 

18 dBi 
 

Wall Attenuation 
(12 dB/wall) 

12 dB 12 dB 12 dB 12 dB 

Receiver Cable 
Loss (1 dB/3m) 

3 dB 3 dB 3 dB 3 dB 

Free Space Path 
Loss 

45.13 dB 50.13 dB 59.13 dB 68.13 dB 

Minimum 
Separation 
Distance 

1.95 m 3.47 m 9.78 m 27.57 m 

Protected at FCC 
emission limit? 

YES YES YES YES 

 
The Department notes that the case of maximum base-station antenna gain is an unlikely 
event. For a base-station at 40 m above ground level, it is unlikely to have an UWB 
device or an obstruction in the bore sight of the WiMAX CPE antenna at the minimum 
separation distance given in the above table. Thus at the minimum separation distances in 
the above table, the WiMAX base-station with its maximum antenna gain is protected 
from an indoor UWB device. 
 
1.2.1.6.2 Impact of an outdoor UWB device 
 
This section evaluates the impact of a single-entry outdoor UWB device on Nortel 
WiMAX equipment (CPE antenna mounted on a window indoor, CPE antenna installed 
on the roof or side-wall of a house, as well as a WiMAX base-station). 
 
1.2.1.6.2.1 Minimum separation distance between an outdoor UWB device 
interfering with a Nortel WiMAX CPE with an antenna mounted on a window 
indoors 
 
A neighbour that has a UWB hand-held device located in his or her front yard was 
assumed. In addition, the Department assumed the WiMAX CPE antenna is pointing 
through a window in the direction of a base-station tower with an elevation angle that 
would result in a CPE antenna gain of 5 dBi in the direction of the front neighbour device 
(antenna look direction), 0 dBi in the direction of the side neighbour (side-lobe), and -5 
dBi in the direction of the back neighbour (back-lobe). 
 

Parameters UWB in the Back Lobe UWB in the Side Lobe UWB in the Main 
Lobe 

Frequency  3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver 
Sensitivity 

-103 dBm -103 dBm -103 dBm 

C/I  10 dB 10 dB 10 dB 
Adaptive Antenna Gain 2 dB 2 dB 2 dB 
I max -111 dBm -111 dBm -111 dBm 
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UWB Tx e.i.r.p. density  -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Receiver Antenna Gain 
Towards Interferer  

-5 dBi 0 dBi 5 dBi 

Wall Attenuation (12 
dB/wall) 

12 dB 12 dB 12 dB 

Free Space Path Loss 51.13 dB 56.13 dB 61.13 dB 
Minimum Separation 
Distance 

3.89 m 6.93 m 12.32 m 

Protected at FCC 
emission limit? 

YES YES YES 

 
At these separation distances, the WiMAX CPE antenna mounted indoors on a window is 
protected from an outdoor UWB device. 
 
1.2.1.6.2.2 Minimum separation distance between an outdoor UWB device 
interfering with a Nortel WiMAX CPE with an antenna installed on the rooftop or 
side-wall of a house 
 
A neighbour that operates a UWB handheld located in his or her front yard was assumed. 
In addition, the Department assumed the WiMAX CPE antenna is pointing in the 
direction of a base-station tower with an elevation angle that would result in a CPE 
antenna gain of 10 dBi in the direction of the front neighbour, 0 dBi in the direction of the 
side neighbour, and -5 dBi in the direction of the back neighbour. 
 

Parameters UWB in the Back Lobe UWB in the Side Lobe UWB in the Main 
Lobe 

Frequency  3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver 
Sensitivity  

-103 dBm -103 dBm -103 dBm 

C/I  10 dB 10 dB 10 dB 
Adaptive Antenna Gain 2 dB 2 dB 2 dB 
I max -111 dBm -111 dBm -111 dBm 
UWB Tx e.i.r.p. density -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Receiver Antenna Gain 
Towards Interferer 

-5 dBi 0 dBi 5 dBi 

Wall Attenuation (12 
dB/wall) 

0 dB 0 dB 0 dB 

Receiver Cable Loss (1 
dB/3m) 

2 dB 2 dB 2 dB 

Free Space Path Loss 61.13 dB 66.13 dB 71.13 dB 
Minimum Separation 
Distance 

12.32 m 21.90 m 69.25 m 

Protected at FCC 
emission limit? 

YES See explanation below. 
 

See explanation below. 

 
The Department notes that some of the assumptions used in this analysis are unlikely to 
exist in a real world deployment since the WiMAX CPE would be operating at the very 
edge of coverage, at its maximum sensitivity limit of -103 dBm and in the presence of an 
UWB handheld device that continually transmits. The Department is of the view that a 
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conservative sensitivity value of -90 dBm for normal CPE operation is more likely. At 
this level, the effects of the UWB interferer would be entirely ignored by the CPE. 
 
The Department concludes that at the above minimum separation distances, the WiMAX 
CPE installed on the rooftop or side-wall of a house is protected from an UWB device 
used outdoor. 
 
1.2.1.6.2.3 Minimum separation distance between an outdoor UWB device 
interfering with a Nortel WiMAX base-station 
 
A 40 meter height base-station and an individual with an UWB device walking on the 
sidewalk were assumed. In addition, the Department assumed the base-station has a 60 
degree sectorized antenna with a maximum gain of 18 dBi. A 0 dBi base-station antenna 
gain in the side-lobe, -5 dBi in the back-lobe, and 9 dBi in the main-lobe were assumed. 
 

Parameters UWB in the Back 
lobe  

UWB in the Side 
lobe 

UWB in the Main 
Lobe 

UWB in Main 
Lobe (Max Gain) 

Frequency  3500 MHz 3500 MHz 3500 MHz 3500 MHz 
WiMAX Victim 
Bandwidth 

1.75 MHz 1.75 MHz 1.75 MHz 1.75 MHz 

Victim Receiver 
Sensitivity  

-103 dBm -103 dBm -103 dBm -103 dBm 

C/I  10 dB 10 dB 10 dB 10 dB 
Adaptive Antenna 
Gain 

5 dB 5 dB 5 dB 5 dB 

I max -108 dBm -108 dBm -108 dBm -108 dBm 
UWB Tx e.i.r.p. 
density 

-41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Receiver Antenna 
Gain Towards 
Interferer 

-5 dBi 0 dBi 9 dBi 18 dBi 

Receiver Cable 
Loss (1 dB/3m) 

3 dB 3 dB 3 dB 3 dB 

Wall Attenuation 
(12 dB/wall) 

0 dB 0 dB 0 dB 0 dB 

Free Space Path 
Loss 

57.13 dB 62.13 dB 71.13 dB 80.13 dB 

Minimum 
Separation 
Distance 

7.77m 13.82m 38.94 m 109.76m 

Protected at FCC 
emission limit ? 

YES YES YES See explanation 
below. 

 
The case of an outdoor UWB device placed in the main lobe of the the WiMAX base 
station receiver is highly unlikely at this separation distance. In addition, the minimum 
required separation distance is 109.76 meters without obstructions. However, in a real 
environment, the interfering link will be obstructed by trees and structures resulting in a 
shorter separation distance. Furthermore, due to the height of the base station and 
obstruction, the WiMAX base-station is protected from an outdoor UWB device. 
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1.2.1.7 Impact on Axxcelera’s and Redline’s First Generation 
WiMAX Networks 

 
The analysis below used WiMAX first generation equipment with characteristics from 
the companies’ websites. 

  
1.2.1.7.1 Outdoor UWB interference versus outdoor deployment of WiMAX CPEs  

 
This interference scenario is for an outdoor single-entry UWB device active at 100% 
(worst-case) interfering with a WiMAX customer premise equipment with an antenna 
deployed outdoors on a rooftop or side-wall of a house.   

 
The Department assumed that the average height of the antenna of the FWA customer 
unit is 7.5 m above ground level (average height of a house), the antenna of the base-
station is at 41.5 m above ground level, and the UWB interferer is at 1.5 m AGL. Thus 
the minimum separation distance between the interferer and the subscriber unit is 6 m. 
The antenna of the customer unit is looking upwards thus the UWB interferer is assumed 
always in the side lobe of the antenna (gain ≤ 0 dBi). 
 
 
Department’s Analysis for a single handheld (outdoor) device active at 100% of time interfering with 

the antenna of the FWA subscriber unit installed on the rooftop or  side-wall of a house 
Parameter Redmax (Redline) CPE 

Equipment 
ExcelMax-TD CPE 

(Axxcelera Equipment) 
System Cell-based P-MP Cell or Multi-cell P-MP 
Frequency of Operation 3.4 GHz – 3.6 GHz 3.3-3.8 GHz 
Minimum Channel Bandwidth 3.5 MHz 1.75 MHz 
Minimum Data Rate <1 Mbps <1 Mbps 
Minimum Modulation Scheme BPSK BPSK 
Rx Sensitivity for minimum data rate and 
BPSK 

-93 dBm or -98.44 dBm/MHz -97 dBm or -99.43 
dBm/MHz 

Channel coding ½ (net/whole BR) ½ (net/whole BR) 
Required Eb/No for this modulation 
scheme, coding  and BER 

4 dB 4 dB 

Bit Error Rate (BER) at Eb/No = 4 dB 10e-6 10e-6  
Sensitivity + Required Eb/No  -97 dBm/ 3.5 MHz or 

-102.44 dBm/ MHz 
-101 dBm/ 1.75 MHz or  
-103.43 dBm/ MHz 

Maximum Antenna Gain of CPE 14 dBi 19 dBi 
Assumed Rx antenna gain in direction of 
the UWB device 

0 dBi 0 dBi 

Protection ratio: I/N -6 dB -6 dB 
Propagation Model Free Space Free Space 
Allowable interference level from UWB 
device at Wimax CPE 

-108.44 dBm/MHz -109.43 dBm/MHz 

Height of CPE antenna (on rooftop or side-
wall) 

7.5 m 7.5 m 

Antenna height of UWB device 1.5 m 1.5 m 
Minimum separation distance between 
Wimax CPE and the UWB device 

6.0 m  6.0 m  

Free space loss at 6m and 3500 MHz 58.9 dB 58.9 dB 
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UWB activity factor 100% (0 dB) 100% (0dB) 
Receiver cable loss (1 dB/3m) 2.5 dB 2.5 dB 
Received power at 6m and 3500 MHz -102.7 dBm/MHz -102.7 dBm/MHz 
Acceptable UWB e.i.r.p. density limit -47.04 dBm/MHz -48.03 dBm/MHz 
FCC UWB limit at 3.5 GHz -41.3 dBm/ MHz -41.3 dBm/MHz 
 
From the above table, the UWB emission level -41.3 dBm/MHz does not protect FWA 
WiMAX 3500 MHz outdoor CPE operating using BPSK modulation, minimum data rate, 
and I/N = -6 dB. An additional reduction of UWB e.i.r.p. limits by 6.73 dB would be 
required to protect the Axxcelera equipment and by 5.74 dB to protect the Redline 
equipment. However, the Axxcelera equipment operating with 16 QAM modulation at 
10-6 BER and receive threshold sensitivity of -77dBm in 7 MHz (-85 dBm/MHz) is 
protected by 7.25 dB at UWB e.i.r.p. of -41.3 dBm/MHz. The same Axxcelera equipment 
operating with 64 QAM modulation at 10-6 BER and sensitivity threshold of -71 dBm in 
7 MHz is also protected by 13.25 dB. The RedMAX CPE operating at BPSK modulation 
and rate ½ coding (based on BER of 10-6) has a sensitivity better than -98 dBm (-103.44 
dBm/MHz) and would require a UWB emission limit lower than -41.3 dBm/MHz by 
12.48 dB. The Redline equipment can use BPSK, QPSK, 16QAM, and 64 QAM 
modulations with coding rates of 1/2, 3/4, and 2/3. Subsequently the RedMAX CPE is 
protected by 1.5 dB and 7.5 dB when it communicates using 16 QAM or 64 QAM for an 
improvement in receiver sensitivity levels similar to that of the Axxcelera CPE.  

 
1.2.1.7.2 Indoor UWB interference versus outdoor deployment of WiMAX CPEs  

 
Considering a similar scenario to the above case, an indoor UWB interferer will be 
subject to at least one wall/roof average attenuation of about 12 dB. Noting that the 
minimum separation distance in this scenario is about 6 m (from deployment geometry), 
then the UWB e.i.r.p. level -36.03 dBm/MHz sufficiently protects the FWA CPE 
receiver, operating using BPSK and rate 1/2 coding, from a single-entry indoor UWB 
communications device active at 100% of time. A CPE receiver operating using higher 
modulation techniques (e.g., 16 QAM and 64 QAM) will be further protected. In 
scenarios where the UWB signal penetrates through multiple walls/roofs, then the CPE is 
further protected.  

 
1.2.1.7.3 Indoor UWB interference versus indoor window-mounted WiMAX CPEs  

 
In this interference scenario, the antenna of the customer premises equipment is mounted 
on the window inside the house. It was assumed that the antenna of the base-station is 
41.5 m high, the FWA customer unit is window-mounted at a height of 2.7 m, the UWB 
interferer is at a height of 1.5 m, the minimum separation distance between interferer and 
victim receiver is 1.25 m, and the noise figure of the FWA customer unit is 7 dB. It was 
also assumed that the antenna of the customer unit is looking outwards through the 
window, thus the indoor UWB interferer is always in the backlobe (antenna gain ≤ 0 dBi) 
of the antenna. 
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Department’s analysis for a single UWB handheld (indoor) device active at 100% of time interfering 
with FWA CPE unit mounted on a window indoors 

Parameter Redmax (Redline) CPE 
Equipment 

ExcelMax-TD CPE (Axxcelera 
Broadband Equipment) 

Frequency of Operation 3.4 GHz – 3.6 GHz 3.3-3.8 GHz 
Minimum Channel Bandwidth 3.5 MHz 3.5 MHz 
Thermal Noise (KTB) -114 dBm/ MHz -114 dBm/ MHz 
Noise Figure (NF) 7 dB 7 dB 
Receiver Noise (KTB + NF) -107 dBm/MHz -107 dBm/MHz 
I/N - 6 dB - 6dB 
Allowable interference level from 
UWB device at Wimax CPE 

-113 dBm/MHz -113 dBm/MHz 

Minimum separation distance between 
Wimax CPE and the UWB device 

1.25m  1.25 m  

Free space loss at 1.25 m at 3500 MHz 45.27 dB 45.27 dB 
Maximum Antenna Gain of CPE 10.5 dBi 8 dBi 
Assumed Rx antenna gain in direction 
of the UWB device (back-lobe) 

0 dBi 0 dBi 

UWB activity factor 100% (0 dB) 100% (0dB) 
Required e.i.r.p. density limit at 1.25 
m at 3500 MHz 

-67.73 dBm/MHz -67.73 dBm/MHz 

FCC UWB limit at 3.5 GHz -41.3 dBm/ MHz -41.3 dBm/MHz 
 
The user in this case is interfering with his/her own equipment. This scenario could be 
avoided by the user.  
 
1.2.1.7.4 Indoor UWB interference versus desktop WiMAX CPEs  

 
The user in this case is interfering with his/her own equipment. The user could remedy 
the situation by changing the position and orientation of the radio equipment in the room.  
 
1.2.1.7.5 Outdoor UWB interference versus a WiMAX Base-station  

 
In the following table, the Department evaluated the impact of a single-entry UWB 
device active at 100% of time on the base-station of FWA WiMAX in the 3500 MHz 
band for the equipment of two companies. The WiMAX signal is assumed to be at its 
weakest condition (edge of coverage). The scenario is for an outdoor UWB 
communications device interfering with a FWA base-station at a height of 41.5 m. The 
Department assumed that the UWB interferer is at a height of 1.5 m thus the minimum 
separation distance between interferer and victim receiver is 40 m, and the noise figure of 
the base-station is 5 dB. The interferer in this case is assumed always in the main beam of 
the antenna (maximum antenna gain) of the base-station (unlikely worst-case scenario). 
 

Department’s analysis for a single UWB handheld (outdoor) device active at 100% of time 
interfering with FWA Base-Station (BS) 

Parameter Redmax (Redline) BS 
Equipment 

ExcelMax BS (Axxcelera 
Broadband Equipment) 

Frequency Operation 3.4 GHz – 3.6 GHz 3.3-3.8 GHz 
Minimum Channel Bandwidth 3.5 MHz 1.75 MHz 
Thermal Noise (KTB) -114 dBm/ MHz -114 dBm/ MHz 
Noise Figure (NF) 5 dB 5 dB 
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Receiver Noise (KTB + NF) -109 dBm/MHz -109 dBm/MHz 
I/N -6 dB - 6dB 
Allowable interference level from 
UWB device at Wimax BS 

-115 dBm/MHz -115 dBm/MHz 

Antenna Height of UWB Device 1.5 m 1.5 m 
Antenna Height of FWA BS 41.5 m 41.5 m 
Minimum separation distance between 
Wimax BS and the UWB device 

40 m  40 m  

Free space loss at 40 m at 3500 MHz 75.4 dB 75.4 dB 
Maximum Antenna Gain of BS (90 
degrees sector) 

18 dBi  14 dBi 

Receiver Cable Loss (1dB/3m) 3 dB assuming the BS 
equipment is installed on a 
rooftop 

3 dB assuming the BS equipment 
is installed on a rooftop 

UWB activity factor 100% (0 dB) 100% (0dB) 
Acceptable UWB e.i.r.p. density limit 
at 40 m at 3500 MHz 

-54.6 dBm/MHz -50.6 dBm/MHz 

FCC UWB limit at 3.5 GHz -41.3 dBm/ MHz -41.3 dBm/MHz 
 
The case of an outdoor UWB device placed in the main lobe of the the WiMAX base 
station receiver is highly unlikely at 40 meters separation distance. It is much more likely 
that either, the UWB device would be close to the base of the antenna, in which case the 
antenna gain seen would be around 0 dBi instead of the maximum gain (18 dBi or 14 
dBi), or the UWB device would be further away on the ground with a number of 
obstructions in between. Accordingly, the acceptable UWB e.i.r.p density limit at 40 
meters becomes higher than the limit of -41.3 dBm/MHz which consequently protects the 
WiMAX base-station from an outdoor UWB device. 
 
The Department’s Evaluation and Conclusion 

 
From the above four assessments (1.2.1.4 to 1.2.1.7), it is calculated that the UWB 
emission level -41.3 dBm/MHz at I/N = -6 dB protects FWA WiMAX 3500 MHz 
networks. 
 

1.2.2 Canadian Broadcasting Corporation Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-cabcomment-01.pdf/$FILE/smse00205-cabcomment-01.pdf 
 
The submission of the Canadian Broadcasting Corporation (CBC) provides a table that 
highlights the maximum e.i.r.p. levels for UWB devices in order to protect its different 
services. The source of information for this table comes from RSS-210 and the 
compatibility Report (Annex 5 to document ITU-R 1-8/256) of the ITU-R TG 1/8. The 
CBC also cites and supports the study “Potential Ultra Wide Band (UWB) Interference to 
DVB-SC-Band Reception” (IEEE 54th Broadcast Technology Symposium, October 
2004). The CBC requests emission limits for UWB devices to protect Terrestrial DRB, 
Broadcast Satellite Radio (S-DARS), and FSS Downlink services that correspond to 
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Annex 5 of ITU TG 1-8/256. No supporting CBC studies were provided in this 
submission. 

 
1.2.2.1   VHF and UHF Terrestrial Television Broadcasting Services (54-806 MHz) 

  
As per the CBC submission, the following table outlines the maximum UWB EIRP to 
protect the different terrestrial TV services in the 54-806 MHz band. 

 
Service/ 

Application 
Frequency Bands Max UWB Device 

EIRP (dBm/MHz) 
Source of 

Information 
Terrestrial TV, 

Digital TV, 
and FM 

54-72, 76-88, 88-108, 
174 – 216, 470 – 608, 

614- 806 MHz 

As per Table 3 of 
RSS-210 

RSS-210 

 
The Department’s Evaluation and Conclusion 
 
It should be noted that Table 2 of RSS-210 is applicable to the bands of concern. As 
outlined in the following two tables, the calculated C/I show that the RSS-210 emission 
limits below 960 MHz protect NTSC and DTV channels 2-6, 7-13, and 14 -69 for the 
cases of a single UWB interferer active at 100% of time as well as from multiple UWB 
interferers active at 5% of time (as per Recommendation ITU-R SM.1755 on activity 
factor) with 80:20 indoor : outdoor UWB device ratio. 
 

Department’s Analysis for DTV reception (single–entry interferer active at 100% of time  
and multiple UWB devices (N) active at 5% of time) 

Frequency band 54 – 72  MHz and 
78 – 88 MHz 

 88 – 108 MHz and 
174 – 216.0 MHz 

470 – 608 MHz  
and 614- 806 MHz 

Required Protection ratio for DTV C/I =15 dB C/I =15 dB C/I =15 dB 
Protected DTV Contour  28 dBµv/m 36 dBµv/m 41 dBµv/m 
Polarization discrimination  
(Horizontal DTV) 

-3 dB - 3 dB - 3 dB 

Field strength at 3 m per device 
(RSS-210)  

100µv/m or 
(20dBµv/m) 

150µv/m or 
(21.7dBµv/m) 

200µv/m or 
(23dBµv/m) 

N: Number of UWB devices  
(Additional interference) * 

1 (0 dB) and 
32 (+15 dB) 

1 (0 dB) and 
135 (21.3 dB) 

1 (0 dB) and 
316 (25 dB) 

UWB Activity factor  5% (- 13 dB) 5% (- 13 dB) 5% (- 13 dB) 
Indoor: outdoor UWB device ratio 80:20 80:20 80:20 
Wall attenuation   12 dB 12 dB 12 dB 
Effective average attenuation from 
indoor/outdoor ratio 

- 6.01 dB - 6.01 dB - 6.01 dB 

Calculated C/I at 3m for a single 
UWB device active 100% of time+ 

11 dB 17.3 dB 21 dB 

Calculated C/I at 3 m for N UWB 
device active 5% of time and 80:20 
indoor : outdoor ratio 

15 dB for N= 32 
UWB devices 

15 dB for N= 135 UWB 
devices 

15 dB for N= 316 
UWB devices 

Service Sufficiently Protected at 
FCC Limits /RSS-210 Limits? 

NO for a single UWB 
device active at 
100%+. 
YES for 32 UWB 

YES for a single UWB 
device active at 100%+. 
YES for 135 UWB 
devices active at 5%. 

YES for a single 
UWB device active at 
100%+. 
YES for 316 UWB 
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devices active at 5%. devices active at 5%. 
Service Sufficiently Protected at 
RSS-210 Limits? 

YES  YES  YES  

+ This is unlikely interference scenario since emission from UWB radar imaging devices are directional and 
pointed towards the ground, an object, or a body and not at a TV receiver. 
* UWB devices are located in a ring around the victim receiver at the same minimum separation distance. 
 
 

Department’s Analysis for NTSC reception (single–entry interferer active at 100% of time  
and multiple UWB devices (N) active at 5% of time) 

Frequency band 54 – 72  MHz and 
78 – 88 MHz 

 88 – 108 MHz and 
174 – 216.0 MHz 

470 – 608 MHz and 
614- 806 MHz  

Required Protection ratio for DTV C/I =34 dB C/I =34 dB C/I =34 dB 
Protected NTSC Contour  47 dBµv/m/ 56 dBµv/m 64 dBµv/m 
Polarization discrimination  -3 dB - 3 dB - 3 dB 
Field strength at 3 m per device 
(RSS-210)  

100  µv/m or  
(20 dBµv/m) 

150 µv/m or  
(21.7 dBµv/m) 

200 µv/m or  
(23 dBµv/m) 

N: Number of UWB devices 
(Additional interference)* 

1 (0 dB) 
32 (15 dB) 

1 (0 dB) 
170 (22.3) 

1 (0 dB) 
793 (28.99 dB) 

UWB Activity factor  5% (- 13 dB) 5% (- 13 dB) 5% (- 13 dB) 
Indoor : outdoor UWB device ratio 80:20 80:20 80:20 
Wall attenuation   12 dB 12 dB 12 dB 
Effective average attenuation from 
indoor/outdoor ratio 

- 6.01 dB - 6.01 dB - 6.01 dB 

Calculated C/I at 3 m for a single 
UWB device active 100% of time 

 30 dB+ 37.3 dB+ 44 dB+ 

Calculated C/I at 3 m for N UWB 
device active 5% of time and 80:20 
indoor : outdoor ratio 

34 dB for N=  32  
UWB devices 

34 dB for N=  170 
UWB devices 

34 dB for N= 793 UWB 
devices 

Service Sufficiently Protected at 
FCC Limits / RSS-210 Limits? 

NO for a single UWB 
device active at 
100%+. 
YES for 32 UWB 
devices active at 5%.  

YES for a single UWB 
device active at 100%+. 
YES for 170 UWB 
devices active at 5%. 

YES for a single UWB 
device active at 100%+. 
YES for 793 UWB 
devices active at 5%. 

Service Sufficiently Protected at 
RSS-210 Limits? 

YES  YES  YES  

+ This is unlikely interference scenario since emission from UWB radar imaging devices are directional and 
pointed towards the ground, an object, or a body and not at a TV receiver. 
* UWB devices are located in a ring around the victim receiver at the same minimum separation distance. 
  
It should be noted that UWB communication devices, vehicular radar devices, and 
medical imaging devices do not transmit in the VHF/UHF terrestrial TV bands. The -10 
dB emission bandwidth of UWB communication devices and medical imaging devices 
must be within the range 3 100 - 10 600 MHz.  It is unlikely that a physical emitter 
complying with the FCC masks, with an emission limit of -75.3 dB/MHz at 960 MHz, 
would jump up to a higher emission level in the VHF/UHF terrestrial TV bands. 
Similarly, the -10 dB emission bandwidth of vehicular radar devices must fall in the 22 – 
29 GHz band. Emissions from UWB vehicular radar devices are directional and will 
point at the surroundings of the vehicle when its engine is running/active and not directed 
on a TV device. The VHF/UHF terrestrial TV bands fall into the out-of-band (OOB) 
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domain of UWB communication devices, medical imaging devices, and vehicular radar 
devices.  

 
UWB radar imaging (ground penetrating radar, in-wall radar imaging, through-wall radar 
imaging, and surveillance) devices intend to operate in the above VHF/UHF terrestrial 
TV bands. However, these radar imaging devices operate occasionally or infrequently. In 
addition, these devices would be operated by professionals and their emissions will not be 
directed towards a TV receiver. Emissions from radar imaging devices are directional and 
targeted towards an object or a body. Some of the radar imaging devices (e.g., ground 
penetrating radar) do not intend to transmit in the air. Consequently the risk of 
interference into TV channels from these UWB radar imaging device is negligible (even 
at shorter distances than calculated in the above table) considering the antenna 
discrimination of the UWB devices, UWB activity factor, operational restriction, and 
licensing requirements.   

 
Based on the above evaluation, the Department concurs with the CBC in that the 
emission limits in RSS-210 protect terrestrial TV, Digital TV, and FM in the 54-72 MHz, 
76-88 MHz, 88-108 MHz, 174 – 216 MHz, 470 – 608 MHz, 614- 806 MHz bands. 
 
1.2.2.2 Upper UHF Terrestrial Digital Radio Broadcasting (DRB) in 1452-1492 MHz 
 
This submission states that the CBC has deployed DRB in Toronto, Montreal, 
Vancouver, and Ottawa. As per this submission, the maximum UWB EIRP to protect the 
DRB services in the 1452-1492 MHz band based on studies in the draft ITU-R Report 
SM.2057 is given in the following table.  

 
Service/ 

Application 
Frequency Bands Max UWB Device 

EIRP 
Source of 

Information 
Terrestrial 

DRB 
1452- 1492 MHz -97.3 dBm/MHz Annex-5 of ITU-R 

TG 1-8/256 
 
The Department’s Evaluation and Conclusion 

 
As per the ITU-R TG 1/8 Report cited by the CBC submission (See Attachment 5, 
Section A5.1.1.7 of Report ITU-R SM.2057), the maximum UWB e.i.r.p density (UWB 
e.i.r.p.max) to provide adequate protection to T-DAB system calculated for a single 
interference case, which was considered the most critical case for T-DAB reception, was 
– 85 dBm/MHz for an indoor environment and – 75 dBm/MHz for an outdoor 
environment, which are lower than the FCC UWB limit by 10 dB for indoor 
communication devices and the same as the FCC UWB limit for outdoor handheld 
communication devices. 
 
As per the cited ITU-R TG 1/8 Report (See Attachment 5, Section A5.1.1.7), for an 
indoor environment (free-space propagation model), the minimum separation distance 
(dmin) is calculated as follows: 
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UWB e.i.r.p. (dBm/MHz) = Emax_i (dBµV/m/1.536MHz) + 20log10(dmin) - 104.77  
- 10log10(1.536) 

 
20log10(dmin) = UWB e.i.r.p. (dBm/MHz) - Emax_i (dBµV/m/1.536MHz) + 104.77  

+ 10log10(1.536) 
 

For UWB e.i.r.p.  = -75.3 dBm/MHz as per the FCC rules, Emax_i  = 42 dBµV/m which is 
the protected contour for T-DRB from co-channel interference at C/I =15dB, and noting 
that UWB devices are active for a small percentage of time, this  results in dmin = 30 cm 
(indoor) which is a sufficient minimum separation distance from a DRB receiver.  

 
Based on the above evaluation, terrestrial DRB receivers in the 1452- 1492 MHz band are 
sufficiently protected at an e.i.r.p. of -75.3 dBm/MHz from UWB interference. 
 
1.2.2.3 Satellite Digital Radio Services (S-DARS) in S-Band (2320–2345 MHz) 

 
As per the CBC submission, the following table outlines the maximum UWB EIRP to 
protect the S-DARS services in the 2320-2345 MHz band.  

 
Service/ 

Application 
Frequency Bands Max UWB Device 

EIRP  
Source of 

Information 
Broadcast 

Satellite Radio 
2320- 2345 MHz -97.3 dBm/MHz Annex-5 of ITU-R 

TG 1-8/256 
 
The Department’s Evaluation and Conclusion 
 
The above cited ITU-R results came from a temporary document. The final results are 
given in the following table as per Attachment 5 to Annex 5 of Report ITU-R SM.2057. 

 

S-DARS in the Band 2 320-2 345 MHz as per studies submitted to the ITU-R 

 Max UWB Device EIRP Remarks 

UWB separation 3 m  
Indoor UWB −90.3 dBm/MHz 2 UWB interferers 
Hand-held UWB −93.3 dBm/MHz 4 UWB interferers 
Surveillance UWB −93.3 dBm/MHz 4 UWB interferers 
 
The S-DARS satellite component in the 2320 -2345 MHz band is operated by the U.S.  
Canada uses terrestrial gap fillers to enhance reception from the U.S. satellites. The 
procedures and rules document “BPR-9 Application Procedures and Rules for Terrestrial 
S-DARS Undertaking” includes some of the S-DARS transmission characteristics.  
 
Emissions from UWB radar imaging devices including surveillance devices will not be 
directed towards an S-DARS receiver. For example, emissions from surveillance devices 
use directional antennas where the energy is focused towards a specific area to detect the 
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movement of an object.  Consequently, the risk of interference to S-DARS reception from 
UWB surveillance devices is negligible considering antenna discrimination of the UWB 
devices, UWB activity factor, operational restrictions and licensing requirements.   
It should be noted that the -10 dB emission bandwidth of the UWB communication 
device must be within the range 3 100 -10 600 MHz.  It is unlikely that a physical emitter 
would exactly follow the “staircase” function of the FCC masks. Thus the transmit power 
spectral density is calculated based on linear interpolation between the “internal knees” of 
the FCC masks. This interpolation provides the following average interference e.i.r.p. 
density at the specified frequencies. 
 

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
2 332 MHz - 68.5 dBm/MHz - 63.67dBm/MHz 
 

In the following table, the cited ITU-R studies with realistic assumptions and parameters 
relevant to the Canadian environment for system Noise Figure, receiver thermal noise, 
polarization isolation, I/N ratio, and UWB activity factor were repeated. 
 

S-DARS 2 320-2 345 MHz ITU-R Studies Department’s Analysis 
Frequency 2332 MHz 2332 MHz 
UWB emission per device -51.3 dBm/MHz (indoor) & 

-61.3 dBm/MHz (outdoor) 
-63.67 dBm/MHz indoor UWB+ 

-68.5 dBm/MHz outdoor UWB+ 

Rx Thermal Noise  -116.6 dBm/MHz - 110dBm/2MHz  
Or -113 dBm/MHz for T = 363 K 

Rx Noise Figure  0 dB 3 dB 
Rx Thermal Noise Floor -116.6 dBm/MHz -110 dBm/MHz 
Protection level: I/N  - 20 dB - 6 dB 
Acceptable Interference Level -136.6 dBm/MHz -116 dBm/MHz 
Polarization Discrimination  
(circular to linear UWB) 

0 dB - 3 dB 

N: Number of UWB devices * 
(additional interference) 

N= 2 indoor (+3dB) 
N= 4 outdoor (+6 dB) 

N= 1 (0 dB) 
N= 80 indoor (+19 dB) 
N= 240 outdoor (+23.8 dB) 

UWB Activity factor  100% (0 dB) 5% (- 13 dB) 
Wall attenuation 0 dB 12 dB 
Indoor : outdoor UWB device 
ratio 

all indoor or  
all outdoor 

80 : 20  
(-6dB) 

Free Space loss at 3m -49.3 dB -49.3 dB 
Attenuation Required 71.3 dB 0 dB for N= 1 UWB device 
Separation Distance for Free 
Space loss 

53.5 m (not acceptable – 
wants 3 m) 

3 m 
3 m 

Required UWB emission limit 
dBm/MHz 

-90.3 (indoor) 
-93.3 (outdoor) 

-63.7 for N= 1 active at 100% (indoor) 
-63.7 for N= 1 active at 100% (outdoor) 
- 63.7 for N= 80 (indoor) active at 5% 
- 68.5 for 240 outdoor active at 5% 

FCC e.i.r.p. Density Limits -51.3 dBm/MHz (indoor) 
-61.3 dBm/MHz (outdoor) 

- 63.67 dBm/MHz (indoor +) 
-68.5 dBm/MHz (outdoor +) 

Service Sufficiently Protected at NO (indoor)   YES (indoor)  
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FCC Limits? NO (outdoor)  YES (outdoor)  
+ FCC linearly interpolated limits between 1610- 3100 MHz. 
* UWB devices are located in a ring around the victim receiver at the same minimum separation distance. 
  
The Department’s analysis in the above table shows that the FCC emission limits protect 
S-DARS receivers from UWB indoor and hand-held (outdoor) communication devices, 
based on receiver characteristics of some S-DARS equipment used by Canadian 
companies (e.g., XM and Sirius). 
 
The S-DARS reception is usually enhanced by the deployment of high-powered 
terrestrial gap fillers which reduces the potential of harmful UWB interference. In 
addition, the S-DARS signal would normally operate above the minimum received level 
employed in the above calculations.  Furthermore, the UWB transmission level would 
usually be below the maximum level permitted under domestic rules. In cases where the 
S-DARS indoor or receiver has an antenna mounted on the roof or side of a building or a 
mobile S-DARS receiver with an antenna mounted outside of a vehicle, these 
configurations result in additional attenuation of about 12 dB against interference from 
indoor UWB devices. In addition, UWB transmission is through non-line of sight 
obstructed paths, and the UWB transmission is not synchronized to the S-DARS 
reception, which result in additional attenuation to the interfering signal.  All these factors 
would considerably reduce UWB interference by about 3 dB and would further shorten 
the minimum separation distance.  

 
Based on the above evaluation, S-DARS receivers are sufficiently protected from harmful 
interference from UWB communication devices operating at the FCC emission limits 
with a slope e.i.r.p. density mask between 1 610- 3 100 MHz. 
 
1.2.2.4 FSS C-Band Downlinks 
 
The submission states that CBC/Radio-Canada makes extensive use of the FSS C-band (3 
400 – 4 200 MHz) for the distribution from the networks and production centers to its 
transmitters. As per this submission, the following table outlines the maximum EIRP that 
UWB devices could use in order to protect the downlink FSS C-band.  

 
Service/ 

Application 
Frequency Bands Max UWB Device 

EIRP 
Source of 

Information 
FCC C-Band 

Downlink 
3400- 4200 MHz -77.0 dBm/MHz Annex-5 of ITU-R 

TG 1-8/256 
 
The Department’s Evaluation and Conclusion 
 
Please refer to Section 1.2.15 for evaluation and conclusions of the impact of UWB 
interference into the downlink FSS C-band in 3 400-4 200 MHz.  
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1.2.3  Canadian Space Agency Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-csacomments-01.pdf/$FILE/smse00205-csacomments-01.pdf 
 
This submission provides characteristics of the Canadian Space Agency (CSA) networks 
that pertain to the UWB consultation paper, algorithms for interference calculations to 
space-station receivers, earth–station receivers, and compatibility studies with EESS and 
Space Operations (SO) downlinks at 2.2 GHz, Radarsat at 5.3 GHz and 8 GHz, and UWB 
compatibility with the Galileo RNSS network. 
 
1.2.3.1 Earth-to-Space EESS and Space Operation links in 2 025-2 110 MHz  
 
The CSA uses an aggregate interference analysis into the satellite to draw its conclusion 
that -61.3 dBm/MHz is the required EIRP density for UWB devices operating in the 
2025-2110 MHz band. Free-space propagation loss is only impeded slightly by 0.2 dB of 
clear air attenuation between each UWB device and the receiver on-board the satellite.  
The CSA makes the assumption that the interference may only cause a total 1% rise in 
the effective noise floor of the receiver.  With these parameters set, the CSA determines 
for each of four arbitrarily proposed UWB EIRP densities (-41.3, -51.3, -61.3, and -71.3 
dBm/MHz) the total corresponding number of UWB interferers. The CSA then selects -
61.3 dBm/MHz as their preferred choice, which corresponds to 1.456 billion UWB 
devices. The level -61.3 dBm/MHz is also the FCC limit for UWB hand-held (outdoor) 
communication devices in this frequency band.  

 
The Department’s Evaluation and Conclusion 

 
The -10 dB emission bandwidth of the UWB communication device must be within the 
range 3 100 -10 600 MHz.  It is unlikely that a physical emitter would exactly follow the 
“staircase” function of the FCC masks. Thus the transmit power spectral density is 
calculated based on linear interpolation between the “internal knees” of the FCC masks. 
This interpolation provides the following average interference e.i.r.p. density at the 
specified frequencies. 
 

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
2 067.5 MHz -  71.00 dBm/MHz - 67.93 dBm/MHz 

 
 

2 025-2 110 MHz  Earth-Space TTC 
Uplink (EESS & SO) 

CSA 
Analysis 

Department's 
Analysis 

Reference Bandwidth 1 MHz 1 MHz 
Center Frequency 2025 MHz 2067.5 MHz 
Slant Path Distance 789 km 789 km 
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Clear Air Attenuation 0.2 dB 0.2 dB 
Sat. Antenna Gain Avg. -1 dBi -1 dBi 
Uplink Sys. Noise Temp 1306 K 1306 K 
I/N Ratio used in calculations 1% 1%4 
Maximum permissible interference level  -127.44 dBm/MHz -127.44 dBm/MHz 
Area Seen by Satellite Optically  28,100,000 km2 
Maximum tolerable number of UWB devices 
in beam 

1,456,000,000 (As a result 
of calculations) 

300,000,000  (assumed one 
device per person in area seen 
by satellite in North America) 

UWB activity Factor  100% 5% 
Attenuation due to activity factor 0 dB -13.01 dB 
Indoor : Outdoor UWB Device usage ratio 0:100 (all outdoors) 80:20 
Indoor roof / wall attenuation to outside 0 dB  -12dB 
Effective Average Attenuation from 
indoor/outdoor 

0 dB -6.01 dB 

Polarization Isolation None None 
Insertion Loss (between Rx antenna and Rx 
input) 

0 dB 0 dB 

UWB Individual Device  average e.i.r.p. 
density aggregated to produce target 
interference 

-61.25 dBm/MHz -35.24 dBm/MHz 

FCC e.i.r.p. Density Limits -61.3 dBm/MHz handhelds,  
-51.3 dBm/MHz indoor 

-61.3 dBm/MHz handhelds,  
-51.3 dBm/MHz indoor 

Service Sufficiently Protected at FCC 
Limits? 

YES (handhelds) 
NO (Indoor) 

YES (handhelds) by 26.06 dB 
YES (Indoor) by 16.06 dB 

Service Sufficiently Protected at FCC 
linearly interpolated limits between 1610- 
3100 MHz 

Not used YES (handhelds) by  35.76 dB 
YES (Indoor) by  28.43 dB 

 
The Department’s analysis concludes that EESS and Space Operations (SO) uplinks in 
the 2 025 – 2 110 MHz band are sufficiently protected at an UWB average e.i.r.p. 
densities of – 61.3 dBm/MHz for handheld (outdoor) devices, and – 51.3 dBm/MHz for 
indoor devices. Assuming more realistic assumptions for I/N will further increase this 
level of protection. 
 
1.2.3.2 EESS and Space Operations Downlinks in 2 200-2 290 MHz  
 
In the CSA submission, a single interferer at closest possible approach to the earth station 
dish antenna is applied. One critical factor is the angle between the boresight of the 
antenna and the axis between the antenna and a handheld interferer at a person’s height at 
the edge of the controlled perimeter of the earth station facility.  
 
The Department’s Evaluation and Conclusion 
 
The -10 dB emission bandwidth of the UWB communication device must be within the 
range 3 100 - 10 600 MHz.  It is unlikely that a physical emitter would exactly follow the 
“staircase” function of the FCC masks. Thus the transmit power spectral density is 
                                                 
4 CSA uses I/N = -20 dB of system thermal noise. Industry Canada asserts that I/N = - 6dB is 

sufficient. 
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estimated based on linear interpolation between the “internal knees” of the FCC masks. 
This interpolation provides the following average interference e.i.r.p. density at the 
specified frequencies. 

 
Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
2 245 MHz -  69.33dBm/MHz - 65.07dBm/MHz 

 
CSA uses an antenna lobe pattern gain of, 32-25 log θ, whereas the Department’s  
analysis uses the slightly more stringent 29-25 log θ which is in line with modern 
antennas. The victim receiver has a thermal noise floor that is calculated by N = 10 * log 
(kTB), where: k is the Boltzmann’s constant of  1.38 x 10-23 W/Hz/K, T is the device 
noise temperature in kelvins (K), and B is the receiver bandwidth in Hertz (Hz). CSA 
determines that an UWB e.i.r.p. of -77.5 dBm/MHz is required in this band whereas the 
Department’s analysis shows that -61.3 dBm/MHz would suffice.  
The potential interference to the EESS and SO downlinks in the 2 200 – 2 290 MHz band 
was evaluated as given in the table below. The Department notes that both stations are 
well removed from any populated or traveled areas based on an examination of the 
photographs of the Saskatoon and St. Hubert earth stations and their surroundings (see 
figures below). The minimum exclusion zone (separation distance) is much higher than 
what is used in the CSA submission, thus resulting in significantly lower interference. 
 
2 200-2 290 MHz Space-Earth TTC Downlink CSA 

Analysis 
Department’s 

Analysis 
Earth Station  Saskatoon St Hubert 
Reference Bandwidth 1 MHz 1 MHz 1 MHz 
Center Frequency 2230 MHz 2245 MHz 2245 MHz 
Minimum separation Distance5 40 m 75 m   163 m 
Minimum Operational Elevation angle of ES 5º 5º 5º 
Antenna height feedhorn (Parabolic) above 
ground 

0 m 8 m 8 m 

Effective elevation angle above a 1.7m high 
interferer at minimum separation distance 

0º  9.80º 7.2º 

Antenna pattern (dB) 32-25 log θ 29-25 log θ 29-25 log θ 
Antenna Gain toward interferer 14.52 dBi 4.22 dBi 7.57 dBi 
System Noise Temperature 260 K 260 K 260 K 
Interference to Noise Ratio used in calculations -20 dB  -6 dB -6dB 
Maximum tolerable interference level 
(dBm/MHz) 

-134.45 -120.45  -120.45 

Single entry or Aggregate Interference Single Single active 100% of time 
Insertion Loss (between Rx antenna and Rx input) 0 dB  0 dB 
UWB Individual Device average e.i.r.p. density to 
produce target interference (dBm/MHz) 

-77.5  -47.69  -44.30  

                                                 
5 Distance is derived based on maps of Saskatoon and St Hubert Earth Stations, with markings of 

distance to nearest common public road. 
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FCC e.i.r.p. Density Limits for handheld devices 
(dBm/MHz) 

-61.3 outdoor 
-51.3 indoor 

-61.3 outdoor 
-51.3 indoor 

-61.3 outdoor 
-51.3 indoor 

Service Protected at FCC Outdoor Limit (-61.3 
dBm/MHz)? 

NO  YES by 13.61 
dB 

YES by 17 dB 

Service Protected at indoor FCC Limits (-51.3 
dBm/MHz)? 

NO YES by 3.61 
dB+ 

YES by  7dB+ 

Service Sufficiently Protected at FCC linearly 
interpolated limits between 1610- 3100 MHz 

 YES by  21.64 
dB (outdoor) 
YES by  17.38 
dB (indoor) 

YES by  25.03 
dB (outdoor) 
YES by  20.77 
dB (indoor) 

+ This protection level should be increased by the wall attenuation (12 dB) since the interferer is indoors and 
the EESS antenna is located outdoors. 

 
 
 

Saskatoon Earth Station 

 
Distance from (parabolic) antenna to nearest road is 75 metres. 
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St. Hubert Earth Station 

 
 

 
Distance from (parabolic) antenna to nearest road is 163 metres. 

 
For the aggregate indoor interference analysis at I/N = -6dB (Saskatoon earth station), the 
link budget methodology was used.  A 5% UWB activity factor as per Recommendation 
ITU-R SM.1755 (resulting in -13 dB); linear interpolation of FCC UWB emission mask 
between 1610 MHz to 3100 MHz; and an indoor :outdoor UWB device ratio of 80 : 20 
with a wall attenuation of 12 dB (resulting in – 6dB) were assumed. These assumptions 
plus a 17.38 dB margin result in +36.38 dB increase in e.i.r.p. and similarly in 
interference level which allows 4 345 UWB devices located at the same minimum 
separation distance shown in the above figures. As a result, the impact of interference 
from multiple devices is negligible.  Outdoor interference scenarios for the St. Hubert 
earth station tolerate more aggregate interference (see above table). 
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Based on the above assessment, the EESS and SO downlinks in the 2 200 – 2 290 MHz 
band are sufficiently protected from UWB interference at an average e.i.r.p. density of – 
61.3 dBm/MHz when considering realistic minimum separation distances from site 
photos, a realistic antenna pattern for the receiver, a realistic interference-to-noise (I/N) 
ratio, and considering attenuation due to the height difference between the boresight of 
the receiving antenna and the hand-held UWB interfering device. Assuming an 
attenuation of 12 dB for propagation through the wall, an indoor emission limit at -51.3 
dBm/MHz sufficiently protects the EESS and SO downlinks of concern.  
 
1.2.3.3   Radarsat Synthetic Aperture Radar in 5 250-5 560 MHz   

 
In this submission, the CSA uses an aggregate interference analysis into the Radarsat 
satellite to draw its conclusion that -61.3 dBm/MHz is the EIRP density for UWB devices 
operating in the 5 250 - 5 560 MHz band.  Free-space propagation loss is only impeded 
slightly by 0.3 dB of clear air attenuation between each UWB device and the satellite 
receiver. The CSA makes the assumption that the interference may only cause a total 1% 
rise in the effective noise floor of the receiver.  With these parameters set, the CSA 
determines for each of four arbitrarily proposed UWB EIRP densities (-41.3 dBm/MHz, -
51.3 dBm/MHz, -61.3 dBm/MHz, and -71.3 dBm/MHz) the total corresponding number 
of UWB interferers. The CSA then selects -61.3 dBm/MHz as their preferred choice, 
which corresponds to 89,847 interfering UWB devices. The CSA study uses the term 
“…on the order of -61.3 dBm/MHz would suffice…” since the 89,847 devices would 
seem to be an upper limit of devices within the relatively small Radarsat footprint.   
 
The Department’s Evaluation and Conclusion 
 

5 250-5 560 MHz  Radarsat Synthetic Aperture 
Radar 

CSA 
Analysis 

Department’s 
Analysis 

Reference Bandwidth 1 MHz 1 MHz 
Center Frequency 5350 MHz 5405 MHz 
Slant Path Distance 789 km 789 km 
Clear Air Attenuation 0.3 dB 0.3 dB 
Average Satellite Antenna Gain 46.8  dBi 46.8 dBi 
Uplink Sys. Noise Temp 680 K 680 K 
Interference to Noise Ratio used in calculations - 20 dB (1%) -20 dB (1%)6 
Maximum permissible interference level (dBm/MHz) -130.27 -130.27 
Area Seen by Satellite Optically  500 km2 (the widest by 

ScanSARwide)  
Maximum tolerable number of UWB devices in 
beam7 

89,847 (result chosen 
by CSA)  

50,000 assumed in 500 
km2 

Equivalent device density per km2 180 devices / km2 100 devices / km2 

                                                 
6 CSA uses I/N = -20 of system thermal noise. Industry Canada believes that I/N = -6dB is 

sufficient. 
7 Distance is adjusted based on maps of Canada where 314 km2 radius around the radar boresight 

has population exceeding 90,000 people – a case in which one UWB device for every person 
would begin to exceed this analysis  
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UWB activity factor 100% 5% 
Attenuation due to activity factor 0 dB -13.01 dB 
Indoor : Outdoor UWB Device usage ratio 0: 100 80:20 
Indoor roof / wall attenuation to outside 0 dB – All UWB 

devices are  outdoors 
12 dB 

Effective Average Attenuation from 80:20 indoor : 
outdoor usage 

0 dB -6.01 dB 

Polarization Isolation None None 
Insertion Loss (between Rx antenna and Rx input) 0 dB 0 dB 
UWB individual device average e.i.r.p. density 
aggregated to produce target interference 

-61.25 dBm/MHz -39.6 dBm/MHz 

FCC e.i.r.p. Density Limit  -41.3 dBm/MHz -41.3 dBm/MHz 
Service Sufficiently Protected at FCC Limits? NO YES by 1.7 dB on the 

safe side 
 
Considering UWB activity factor at 5% as recommended by Recommendation ITU-R 
SM.1755, noting that not all UWB devices are located outdoors, and also considering a 
realistic number of UWB devices in the satellite footprint, the Department’s (IC) analysis 
shows that UWB e.i.r.p. density of -41.3 dBm/MHz sufficiently protects Radarsat at a 
UWB device density of 100/km2. These calculations are conservative since they are based 
on I/N = -20 dB and the largest footprint (Swath width for ScanSAR-wide) of 500 km2, 
and a fixed antenna gain is also assumed over this large area.  

 
The CSA submission was evaluated, and based on the above it can be concluded that the 
synthetic aperture radar in the 5 250 – 5 560 MHz band is sufficiently protected from 
UWB interference at an average e.i.r.p. density of – 41.3 dBm/MHz when considering a 
UWB activity factor of 5% instead of 100%, and for I/N= -20dB, realistic assumptions 
for user and device densities based on distribution of Canadian population, and an 
indoor:outdoor ratio of 80:20 for UWB devices. 

 
1.2.3.4    Radarsat EESS Downlink in 8 025 – 8 400 MHz  
 
The CSA submission was evaluated on the risk of UWB interference into receiving Earth 
stations in the 8 025 – 8 400 MHz EESS band. The Department notes that the submitted 
CSA study used a deterministic approach for interference analysis. A statistical approach 
seems more adequate due to the movement of the tracking receiver antenna of the Earth 
station and the quasi-random location and activity factor of UWB emitter(s).  
 
Based on an examination of photographs of the Prince Albert and Cantley Earth stations 
and their surroundings (see figures below), both stations are well removed from any 
populated or traveled areas. Thus the minimum exclusion zone (separation distance) is 
much higher than what is used in the submission. Due to the rural nature of the locations 
of both Earth stations, the UWB device density is much less than what is used in the 
submission. In addition, terrain shielding around the Earth station is not adequately 
considered in the calculations of the CSA submission. The UWB devices are usually 
deployed at around 1.5m to 3m of height above the ground. Thus after the first ring of 
interferers, the rest of UWB transmitters would be obstructed by terrain shielding, trees, 
etc. Attenuation due to such obstruction exceeds the 12 dB usually assumed for 
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indoor/outdoor attenuations. At a minimum, there would be a need to consider that a 
large percentage of UWB devices (e.g., 80%) would be obstructed to at least 12 dB. The 
Department also notes that the average Earth station receiver antenna gain towards the 
horizon is less than what is used in the submission. Furthermore, it is noted that the 
antenna patterns are envelopes of the sidelobe peaks and that for the aggregate 
interference analysis an average pattern such as ITU-R Recommendation S.1428 is more 
appropriate. In addition, the height above ground of the Earth station receiving antenna is 
not considered in the CSA submission. The victim receiver has a thermal noise floor 
which could be approximated by, N = 10 * log (kTB), where: k is the Boltzmann’s 
constant of  1.38 x 10-23 W/Hz/K, T is the device noise temperature in kelvins (K), and 
B is the receiver bandwidth in hertz (Hz).  
 

Single interferer analysis for 8025 – 8400 MHz Radarsat Downlink 
 Parameter CSA 

Analysis 
Department’s 

Analysis 
Erath Station  Prince Albert Cantley 
Reference Bandwidth 1 MHz 1 MHz 1 MHz 
Center Frequency 8100 MHz 8187.5 MHz 8187.5 MHz 
Minimum Separation Distance8 40 m 987 m 570 m 
Minimum Operational Elevation angle of Earth 
Station 

5º 5º 5º 

(Parabolic) Antenna feedhorn height above ground 0 m 15 m 18 m 
Effective elevation angle above a 1.7m high interferer 
at interferer distance 

0º 0º 0º 

Antenna pattern (dB) 32-25 log θ 29-25 log θ 29-25 log θ 
Ant. Gain toward interferer 14.5 dB 11.5 dB 11.5 dB 
System Noise Temperature 310 K 310 K 310 K 
Target Interference to Noise Ratio used in 
calculations9 

1% 1% 1% 

Maximum tolerable interference level (dBm/MHz) -133.69  -133.69 -133.69  
UWB individual device average e.i.r.p. density to 
produce target interference (dBm/MHz) 

-65.6 -34.88 - 39.58 

FCC e.i.r.p. Density Limit (dBm/MHz) -41.3 -41.3 -41.3 
Service Sufficiently Protected at FCC Limit(s)? NO YES by 6.42 

dB 
YES by 1.72 
dB 

 
As shown below, the earth stations in this case are located far away from any populated 
or traveled areas.  At nearly 0.5 -1 km away from anything else, it should not be expected 
that the earth station receivers experience interference from UWB.  Nonetheless, an 
unusually conservative free-space path loss is provided here to demonstrate this. 

 
 
 
 

                                                 
8 Distance is adjusted based on maps of Prince Albert and Cantley Earth Stations, with markings 

of distance to nearest common public road or other non-controlled environment. 
9 CSA uses I/N = -20 dB of system thermal noise. Industry Canada believes that I/N = - 6dB is 

sufficient. 
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Prince Albert Earth Station 
 

 
 

Distance from (parabolic) antenna to road is 987 metres. 
 

Antenna Location: 53º12’45” Latitude North 105º55’49” Longitude West 
Antenna Location: 52º08’22” Latitude North 106º37’33” Longitude West 
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Cantley Earth Station 
 

 
 
Distance from (parabolic) antenna to nearest non-controlled environment with potential 

interferer activity is 570 m 
 

Antenna Location: 45º35’09” Latitude North 75º48’33” Longitude West 
Antenna Location: 45º31’08” Latitude North 73º23’40” Longitude West 

 
Based on the Department’s analysis above with realistic technical parameters and 
assumptions in compatibility analysis, the space-to-earth CSA feeder links in the 8 025 – 
8 400 MHz band are sufficiently protected at an UWB average e.i.r.p. density of – 41.3 
dBm/MHz. Assuming realistic assumptions for I/N of the victim receiver would also 
further increase the level of protection for feeder links in the 8 GHz band.  
 
For an aggregate interference analysis of I/N = -6dB at the Cantley earth station, the link 
budget methodology was used. A 5% UWB activity factor as per Recommendation ITU-
R SM.1755 (resulting in -13 dB); and an indoor : outdoor UWB device ratio of 80 : 20 
with a wall attenuation of 12 dB (resulting in – 6dB) were assumed. These assumptions 
plus a 1.72 dB margin result in +20.7 dB increase in e.i.r.p. or similarly in interference 
level which allows 118 UWB devices located at the same minimum separation distance 



 49

from the victim receiver as shown in the above figure. A higher UWB device density 
would be blocked by multiple obstructions (e.g., multiple walls, roofs, trees, etc.) 
between interferers and the victim receivers. As a result, the impact of interference from 
multiple devices on the Cantley earth station is negligible. Similarly, the Prince Albert 
earth station tolerates 348 UWB devices located at the same minimum separation 
distance (see figure).  
 
1.2.3.5 RNSS Galileo in 1 164-1 300 MHz, 1 559-1 610 MHz, and 5 010-5 030 MHz 
 
The CSA submission also addresses UWB compatibility with the Galileo Radio 
Navigation Satellite Service (RNSS) network using available information from a NTIA 
document, ITU input contributions, studies in the new Report of ITU-R TG 1/8 on 
compatibility studies, and FCC documents 02-48, 03-33 and 04-258. 

 
The CSA submission suggests a UWB e.i.r.p. limit of -83.5 dBm/MHz for protecting 
Galileo RNSS in each of the 1 164-1 300 MHz, 1 559-1 610 MHz, and 5 010-5 030 MHz 
bands based on the ITU-R TG 1/8 work. This suggested e.i.r.p. limit is for a separation 
distance of one meter between a single UWB transmitter (interferer) and a Galileo 
receiver.  

 
The Department’s Evaluation and Conclusion 

 
The proposed limit originates from Attachment-4 of ITU-R Report SM.2057 entitled 
“Studies Related to the Impact of Devices Using Ultra-wideband Technology on Systems 
Operating within the Mobile-Satellite Service (MSS) and the Radio Navigation Satellite 
Service (RNSS)”. The relevant table from ITU-R TG 1/8 document 1/90 is reproduced 
below: 
 

Galileo frequency band 
E5a [1 176.45 ±  

12 MHz] 
E5b [1 207.14 

± 12 MHz] 
L1  [1575.42 
± 16 MHz] Unit 

Galileo protection requirement –111.3 –111.3 –111.3 dBm/MHz 
Aeronautical margin 0 0 0 dB 
I/N –6 –6 –6 dB 
Galileo antenna gain 0 0 0 dBi 
Propagation path loss 33.86 34.09 36.40 dB 
Galileo protection requirement –83.44 –83.21 –80.90 dBm/MHz 
 
The Department notes that in the above table, I/N is at 25% or -6 dB. The FCC emission 
limit is -75.3 dBm/MHz between 960 MHz and 1 610 MHz for both indoor and outdoor 
UWB communication devices. CSA points out that for the 1 164-1 300 MHz and 1 559-1 
610 MHz bands, an additional limit should be -83.5 dBm/MHz, an 8 dB reduction from 
the FCC limit of -75.3 dBm/MHz in 1 164-1 240 and 1 559-1 610 MHz.  The Department 
also notes that the FCC band only goes to 1 240 MHz and not 1 300 MHz. 

 



 50

The protection requirement in the above table corresponds with a noise temperature of 
537 Kelvin, or about twice room temperature on the Kelvin scale. This would be 
equivalent to a low noise receiver running at room temperature with a total system noise 
figure of 3 dB. Considering the Noise Figure of the victim receiver = 2 dB and changing 
the minimum separation distance from 1 m to 2 m and keeping the rest of assumptions as 
is will allow for the very low noise requirement of Galileo (when assuming the FCC limit 
of -75.3 dBm/MHz) to be protected at the level that would satisfy CSA. Note, however, 
that this analysis is for a single interferer active at 100% of time and does not cover the 
aggregate case. 
 
It should be noted that the protection requirement for GPS RNSS is -111.5 dBm/MHz and 
for Galileo RNSS is -111.3 dBm/MHz which are very close. However, the CSA argues 
that Galileo needs lower UWB transmission limits than those accepted by the GPS. The 
FCC First Report and Order on UWB (02-48) has noted an additional 0.2 dB decrease to 
align power spectral density values with other unlicensed devices in the U.S. The FCC 
also assumes a −3 dB UWB uncertainty factor and −10 dB difference between noise-like 
and CW interference. The GPS, NTIA, and FCC have accepted an I/N of - 3 dB for GPS 
resulting in the following UWB emission limits in the bands 1 164 – 1 300 MHz and 
1559-1610 MHz: -75 dBm/MHz for communication and vehicular radar devices; -65.3 
dBm/MHz for GPR and in-wall radar imaging, medical imaging, and through-wall radar 
imaging with BW < 960 MHz; - 46.3 dBm/MHz for through-wall radar imaging with BW 
> 960 MHz; and - 53.3 dBm/MHz for surveillance devices.  
 
The above CSA proposals were evaluated and it can be concluded that the risk of harmful 
interference to Galileo RNSS receivers in 1 164-1 300 MHz and 1 559-1 610 MHz is 
negligible at a maximum average e.i.r.p. density of – 75.3 dBm/MHz when considering 
assumptions (e.g., minimum separation distance) and protection levels accepted by the 
GPS system. 

 
The limit of -83.5 dBm/MHz for the 5 010-5 030 MHz band supported by CSA is not 
based on ITU-R studies nor supported by studies in the CSA submission.  

 
Realistic parameters for the Galileo receivers could not be found at this time since the 
system is currently not operational in this band and is not expected to become operational 
in the foreseeable future.  
 

1.2.4  Canadian Satellite and Space Industry Forum Submission(CSSIF) 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-cssifcomments-01.PDF/$FILE/smse00205-cssifcomments-
01.PDF 
 
This submission provides study results of interference into satellite receivers and Earth 
station receivers for FSS/BSS downlink, FSS uplink, MSS and MSS feeder links, RNSS, 
EESS and Space Operations. Submission includes equations used in calculations. CSSIF 
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submitted a table that includes maximum UWB device emission levels based on source 
studies from ITU-R TG 1/8 and the NTIA. 
 
1.2.4.1  Interference Allowance 

 
CSSIF echoes the views of Telesat, Globalstar, and the Satellite Industry Association 
(SIA) on the use of the term “harmful interference”. The CSSIF notes that the ITU-R uses 
permissible and acceptable interference for sharing between allocated services. The 
CSSIF notes that UWB devices do not operate within an allocation but rather operate on a 
licence-exempt basis with no allocation and without the status and associated rights of an 
allocated service.  

 
Please refer to Section 1.2.14 of SIA for an evaluation of the above concerns. 
 
1.2.4.2  Protection Criteria I/N 

 
The CSSIF submission wants an increase in the noise floor equivalent to 1/% (i.e.; I/N = -
20 dB) of the inherent thermal noise of the radio station. 

 
Please refer to Section 1.2.14 of SIA for an evaluation of the interference threshold and 
I/N.  
 
1.2.4.3  Out-of-band Interference 

 
This submission states that the Department must be cognizant of the impact of both 
wanted and unwanted emissions for UWB devices and the impact of aggregation. 

 
The Department notes that both wanted and unwanted emissions from UWB devices are 
taken into consideration as well as single entry and aggregate interference impact of 
UWB devices. This principle has been applied to the Department’s analysis in this Report 
as appropriate (e.g., Sections 1.2.2 and 1.2.10). 
 
1.2.4.4  The CSSIF Interference Methodologies 

 
The Department notes the methodologies used in the studies of the CSSIF submission did 
not consider: 

 
1- The victim receiver Noise Figure (NF). The CSSIF submission assumes receiver Noise 
Figure close to 0dB. A more realistic NF would lift the victim receiver thermal noise 
floor resulting in a higher interference threshold.   

 
2- The CSSIF interference into satellite receiver Equation is valid only for free-space 
propagation conditions and for dithered UWB emissions with PRF  ≥10 kHz, where the 
bandwidth correction factor (BWCF) is given by  
BWCF(dB) = 10log10(BMHz/BREF), and the reference bandwidth BREF = 1 MHz. In 
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addition, the insertion loss i.e., the loss between the receiver antenna and receiver input), 
in dB is not considered. 
 
3- The CSSIF methodology for interference into earth station receivers (downlink) 
assumes free-space (LOS) propagation, and that all devices using UWB technology are 
active simultaneously. Additional factors may have to be considered which include: 
– Additional losses due to UWB propagation through walls, roofs, or other 

obstructions; 
– The insertion loss (loss between the receiver antenna and receiver input), in dB; 
– A bandwidth correction factor to correct for the power of the UWB signal in the 

victim receiver IF bandwidth. For dithered UWB emissions and PRF ≥10 kHz, 
the BWCF is given by BWCF = BRX/BREF, where BREF is the reference bandwidth. 

 
1.2.4.5  Interference from pulsed UWB devices 
 
This submission is expressing concerns relevant to pulsed interference into satellite and 
earth station receivers. 
 
1.2.4.6  FSS C-Band Downlinks in 3700-4200 MHz 
 
CSSIF believes that the FCC e.i.r.p. density of -41.3 dBm/MHz corresponding to a 
protection criterion of 100% is too high.  The CSSIF does not endorse a 100% permanent 
increase to the noise floor of a licensed service, resulting from licence-exempt UWB 
device emissions.  Instead, the CSSIF believes that a lower protection criterion of 1% 
should be used to determine the e.i.r.p. density for these UWB licence-exempt devices 
since a 6% noise floor increase already corresponds to the value used to establish a 
coordination requirement for co-primary allocated services. 
 
Please refer to the evaluations of the submissions from Telesat (Section 1.2.15) and the 
Satellite Industry Association (Section 1.2.14) for further discussion and analysis. 
 
1.2.4.7  Status of 6 700 – 7 075 MHz and 17.3 -17.8 GHz as Restricted Bands 

 
CSSIF recognizes that licence-exempt devices are allowed today to operate in non-
restricted frequency bands at levels that do not exceed the RSS-210 general emission 
limits.  However, at the time of establishing these rules, UWB device technology was not 
available, and was not included in any supporting interference studies.  CSSIF therefore 
believes that the impact of this new UWB technology, even on non-restricted frequency 
bands, must be thoroughly studied before any rulings are made.  
 
CSSIF notes that some, but not all, frequency bands of space-to-Earth links of Canadian 
licensed networks, or planned Canadian networks, are included in RSS-210 as restricted 
bands.  Specifically, the Fixed Satellite Service (FSS) space-to-Earth 6700-7075 MHz 
band and the Broadcast Satellite Service (BSS) 17.3-17.8 GHz band are not currently 
included. CSSIF proposes that in any consideration of new license-exempt devices, 
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including UWB devices, the bands 6 700-7 075 MHz and 17.3-17.8 GHz should have the 
same status as those restricted bands currently listed in RSS-210.  
 
The Department’s Evaluation and Conclusion 
 
As per Table 1 of RSS-210, the bands 6 700-7 075 MHz and 17.3-17.8 GHz are not 
restricted bands in Canada.   

 
In Section 1.2.4.8, the Department evaluated the potential interference from UWB 
devices into the FSS space-to-Earth and developmental licensed (not protected) earth 
station in the restricted band 7 250 – 7 750 MHz. Section 1.2.4.9 also evaluates the 
potential of UWB interference into the band 17.3-17.8 GHz. 
 
1.2.4.8  FSS X-Band 7 250-7 750 MHz Downlink 
 
The CSSIF submission states that it is not aware of any technical studies that have 
specifically addressed the impact of UWB device emissions on satellite services in this 
band.  The ECC, however, has provided studies for the 4 GHz and 7.7 GHz FSS 
downlinks, which show that the earth station receivers cannot be adequately protected 
without significant separation distances (1-3 km).  The ECC Final Report 64 proposes a 
level of -77 dBm/MHz (for an urban environment) much lower than the FCC adopted 
e.i.r.p. density level of -41.3 dBm/MHz. The Department notes, however, that the e.i.r.p. 
density level of -77 dBm/MHz proposed by the ECC is determined assuming that typical 
European FSS earth station parameters in the 7250-7750 MHz band are similar to the 
specifications for earth stations operating in the 4 GHz band.  Also, an I/N protection 
criterion of 1% = -20 dB is assumed in the ECC Report 64.  
 
The Department’s Evaluation and Conclusion 
 
The Department notes that despite the referenced ECC Report 64 and its long minimum 
separation distances of 1-3 km, the European ECC have decided to introduce UWB 
devices in the 7250 – 7750 MHz at the emission limit of -41.3 dBm/MHz (same as the 
FCC). In addition, Japan and the U.S. have used the level -41.3 dBm/MHz for the 
protection of this band. After careful evaluation of UWB developments at the national 
and international levels it is noted that no other country excluded UWB from the 7250 – 
7750 MHz band.  

 
The X-band downlink FSS band 7250-7750 MHz comprises one of the 59 restricted 
frequency bands in RSS-210.  In the US, the FCC has removed the restricted band status 
for the 7250-7750 MHz band with regard to UWB device emissions. In Canada, the band 
is limited to the Government of Canada and is used by DND.  Although SP-3-30 
indicates that DND operates a NATO terminal in Folly Lake, Nova Scotia, this terminal 
is now closed.  At this time, DND has only one site in Shirley’s Bay, Ontario, which is 
strictly used for developmental/experimental purposes (not protected).  As such, the 
specifications for the Shirley’s Bay terminal cannot be qualified as typical for future 
military applications in this band.   
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The Department conducted its own evaluation of potential UWB interference into the 
7250 – 7750 MHz band as given below. In an aim to conduct interference analysis, the 
technical parameters typical for FSS in this band are taken from the specifications for the 
closed Folly Lake site (from old ITU notifications).  
 

Single Interference Analysis into 7250-7750 MHz Downlink at Shirley’s Bay, Ontario 
Parameter IC Analysis 

Centre frequency 7250 MHz 
Single interferer distance see text below 
Earth station antenna height 12 m 
UWB device height 1.7 m  
UWB elevation angle offset due to height difference Calculated value  
ES Elevation angle 30 degrees 
ES Azimuth angle 128.2 degrees 
UWB azimuth offset angle φ  0 degrees 
Off-axis angle (θ) = elevation angle – offset Calculated value 
Rx Antenna pattern 29 – 25 log θ  
Rx Antenna gain @ θ  Calculated value  
UWB Activity factor 100% = 0 dB 
System noise temperature 100 °K * 
Protection criterion: I/N -6 dB 
Maximum permissible interference level -124.6 dBm/MHz 
UWB individual device average e.i.r.p. density to produce target 
interference See text below 

FCC e.i.r.p. density limits -41.3 dBm/MHz 
Service sufficiently protected at FCC limits? Yes See text below 
* Typical system noise temperature used for the European case by the ECC. 

 
The exact coordinates of the Shirley’s Bay earth station is not given in the ALS database.  
The figure below plots the maximum UWB e.i.r.p. density level against minimum 
interference distance for an acceptable maximum interference level of -124.6 dBm/MHz. 
It is assumed that the interferer falls on the azimuth of the victim receiver.  The FCC 
adopted e.i.r.p. density level of -41.3 dBm/MHz is also plotted for comparison purposes. 
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From the above curve, the e.i.r.p. level of -41.3 dBm/MHz provides adequate protection 
to this earth station if the UWB device operates no less than 4.52 m away. 
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In the following table, UWB compatibility with the closed DND Folly Lake earth station 
is examined. The purpose is to ensure that future earth stations in this band are protected.  
 

Single Interference Analysis Department’s Analysis 
Centre frequency 7330 MHz 
Single interferer distance see text below 
Earth station antenna height 14 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height difference Calculated value  
ES Elevation angle 18.4 degrees 
ES Azimuth angle 124 degrees 
φ = UWB offset from azimuth angle 0 degrees 
Off-axis angle (θ) = elevation angle – offset Calculated value  
Antenna pattern 29 – 25 log θ  
Antenna gain @ θ  Calculated value  
UWB activity factor 100% = 0 dB 
System noise temperature 200 °K 
Protection criterion: I/N -6 dB 
Maximum permissible interference level -121.59 dBm/MHz 
UWB individual device average e.i.r.p. density to produce target interference See text below 
FCC e.i.r.p. density limits -41.3 dBm/MHz 
Service sufficiently protected at FCC limits? Yes see text below 

 
The figure below plots the maximum average UWB e.i.r.p. density level against the 
minimum separation distance from the Folly Lake earth station to an interfering UWB 
device, allowing for a maximum interference level of -121.59 dBm/MHz.  It is assumed 
that the interferer falls on the azimuth of the victim receiver.  The FCC adopted e.i.r.p. 
density level of -41.3 dBm/MHz is also plotted for comparison purposes. 
 

 
 
From the above curve, the e.i.r.p. level of -41.3 dBm/MHz provides adequate protection 
to this earth station if the UWB device operates no less than 3.29 m away. 
 
For the aggregate interference analysis at I/N = -6dB, the link budget methodology was 
used.  A 5% UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -
13 dB); and an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 
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dB (resulting in – 6dB) was assumed. These assumptions result in +19 dB increase in 
e.i.r.p. and similarly in interference level which results in 80 UWB devices located at the 
azimuth of the victim receiver at the same minimum separation distance. A higher device 
density would be blocked by multiple obstructions (e.g., multiple walls, roofs, trees, etc.) 
between interferers and the victim receivers. As a result, the impact of interference from 
multiple devices on Folly Lake earth station is negligible.  
 
From the above assessment, the potential of UWB interference to the X-band FSS earth 
stations is negligible at the UWB e.i.r.p. density of -41.3 dBm/MHz. 
 
1.2.4.9  Unplanned BSS Band 17.3-17.8 GHz Downlink 
 
The CSSIF submission claims that there is a possibility that the 17.3-17.7 GHz band may 
be designated as a restricted band by the ITU-R on April 1, 2007 when the BSS allocation 
for this band comes into effect.  This submission states that in spite of this, the FCC has 
authorized vehicular radar units in the 16.2-17.7 GHz band for vehicle back-up (reverse) 
assistance radars. CSSIF, however, is not aware of any technical studies specifically 
addressing this frequency band and has concerns that, like the Ka-band, the unplanned 
BSS band will be characterized by high-density ubiquitous deployments of small receive 
earth stations with large bandwidths.  
 
The Department notes that the FCC opened the band 22-29 GHz for UWB vehicular 
radar and the band 3.1-10.6 GHz for UWB communication devices. However, the FCC 
allowed UWB vehicular radar back-up assistance in 16.2-17.7 GHz at e.i.r.p. of = -41.3 
dBm/MHz. The Department also notes that the -10 dB bandwidth of the UWB 
communication devices must fall into 3.1-10.6 GHz and for UWB vehicular radar in 22-
29 GHz. The band 17.3-17.8 GHz falls into the out-of-band domain of UWB devices 
where UWB emissions are attenuated to the level -61.3 dBm/MHz for vehicular radar 
(22-29 GHz) and outdoor UWB communication devices and the level -51.3 dBm/MHz 
for radar imaging and indoor communication devices. The Department notes in addition, 
that the UWB vehicular radars for back-up assistance only operate for a very small 
percentage of driving time (< 3% or -15.23 dB) when the vehicle is engaged in a reverse 
mode.  As a result, the UWB vehicular radars will operate only infrequently and will be 
far apart such that it is unlikely they will cause any cumulative effect.   
 
Based on the above evaluation of UWB developments in other countries and noting that 
no other country excluded UWB from the 17.3 – 17.8 MHz, it is concluded that the 
impact of UWB devices on this band is negligible.  
 
1.2.4.10  S-Band BSS Downlinks in 2 535-2 655 MHz 
 
As per the CSSIF submission, the band 2 535-2 655 MHz will be used to provide live 
video programming and data service to commercial airlines for use by passengers and 
crew.  CSSIF is not aware of any technical studies to specifically address the effect of 
UWB emission on BSS video transmission to aircrafts.  The CSSIF believes that similar 
levels to UWB devices operating in the near-by S-DARS 2320-2345 MHz band should be 
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applied (-90 dBm/MHz for indoor communication UWB systems, -93 dBm/MHz for both 
handheld and surveillance UWB systems).   
 
The Department notes that the above e.i.r.p. density levels are determined by analysing 
the risk of interference from UWB devices to satellite radio automobiles and home 
receivers. Ground based transmitters, however, only contribute to the received noise level 
at the input of the LARKSAT airborne receiver10 when it is visible to the airborne 
satellite receiving antenna.  The ground transmitters are visible, to the aircraft, within a 
radius of about 413 km when the horizontally projected distance to the in flight aircraft is 
10 km and about 226 km when the horizontally projected distance to the in flight aircraft 
is 3 km.  In addition, the interference from ground based transmitters is only through the 
side and back lobes of the electronically scanned phased array LARKSAT receiving 
antenna since it is mounted on top of the aircraft’s fuselage.  Also, since the use of UWB 
devices is prohibited on board commercial aeroplanes, the interference will only come 
from ground based UWB devices, which is negligible due to the large separation 
distances from ground interferers and to the location of the receiving antenna on top of 
the aircraft’s fuselage.   
 
Based on the above assessment and on the Department’s evaluation of S-DARS in 
Section 1.2.2.3, the risk of harmful interference is negligible to the downlinks of the S-
band BSS in 2 535-2 655 MHz from UWB communication devices operating at the FCC 
emission limits, with a slope emission mask between 1 610- 3 100 MHz.  
 
1.2.4.11  FSS Network Uplinks in 5 925-6 425 MHz 
 
In the following table the potential UWB impact using CSSIF preferred parameters as 
well as an IC analysis using I/N = -6dB, 5% UWB activity factor as per Recommendation 
ITU-R SM.1755, and an indoor : outdoor  UWB device ratio of 80 : 20 with 12 dB wall 
attenuation is examined.  
 

Aggregate Interference Analysis 

Parameter 
Department’s Analysis 
with preferred CSSIF 

parameters 

Department’s Analysis 
with realistic parameters 

Reference Bandwidth 1 MHz 1 MHz 
Center frequency 6100 MHz 6100 MHz 
Slant path distance 37,800 km 37,800 km 
Clear air attenuation -0.2 dB -0.2 dB 
Satellite antenna gain 31 dBi 31 dBi 
Uplink system noise temperature 675 °K 675 °K 
Protection criterion: I/N -20 dB  -6 dB 
Maximum permissible interference level -130.31 dBm/MHz -116.31 dBm/MHz 
Instantaneous nadir-pointing coverage circle 218,701,789 km2 218,701,789 km2 
Maximum tolerable number of UWB devices in beam 98,862,320 300,000,000 * 
UWB activity factor 100% 5% 
Attenuation due to activity factor 0 dB -13.01 dB 
Indoor: outdoor UWB usage ratio 0:100 80:20 
Indoor roof/wall attenuation to outside not used -12 dB 

                                                 
10  Receiver characteristics can be found in ITU-R Document 6-8-9/110-E. 
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Effective average attenuation from indoor/outdoor 0 dB -6.01 dB 
Polarization isolation 0 dB 0 dB 
Insertion loss (between Rx antenna and Rx input) 0 dB 0 dB 
UWB individual device average e.i.r.p. density 
aggregated to produce target interference -41.3 dBm/MHz -13.1 dBm/MHz 

FCC e.i.r.p. density limits -41.3 dBm/MHz -41.3 dBm/MHz 
Service sufficiently protected at FCC limits? YES YES 
* This assumes one UWB device per person seen by satellite in North America. 

 
As per the above evaluation, the FSS uplinks in 5 925-6 425 MHz are protected at the 
FCC emission limits and I/N = -20 dB. These uplinks are over protected at I/N = -6dB, 
UWB activity factor of 5%, and indoor : outdoor UWB device ratio of 80 : 20.  
 
1.2.4.12 FSS Network Uplinks in 14-14.5 GHz 
 
In the following table the Department evaluated potential UWB interference using CSSIF 
preferred parameters as well as the Department’s analysis using I/N = -6dB, 5% UWB 
activity factor as per Recommendation ITU-R SM.1755, an indoor : outdoor  UWB 
device ratio of 80 : 20 with 12 dB wall attenuation.  
 

Aggregate Interference Analysis 

Parameter 
Department’s analysis 
with preferred CSSIF 

parameters 

Department’s Analysis 
with realistic parameters 

Reference Bandwidth 1 MHz 1 MHz 
Center frequency 14.25 GHz 14.25 GHz 
Slant path distance 37,800 km 37,800 km 
Clear air attenuation -1 dB -1 dB 
Satellite antenna gain 33.1 dBi 33.1 dBi 
Uplink system noise temperature 520 °K 520 °K 
Protection criterion -20 dB -6 dB 
Maximum permissible interference level -131.44 dBm/MHz -117.44 dBm/MHz 
Instantaneous nadir-pointing coverage circle 218,701,789 km2 218,701,789 km2 
Maximum tolerable number of UWB devices in beam 30,810,619,208 * 300,000,000 ** 
UWB activity factor 100% 5% 
Attenuation due to activity factor 0 dB -13.01 dB 
Indoor: outdoor UWB usage ratio 0:100 80:20 
Indoor roof/wall attenuation to outside not used -12 dB 
Effective average attenuation from indoor/outdoor 0 dB -6.01 dB 
Polarization isolation 0 dB 0 dB 
Insertion loss (between Rx antenna and Rx input) 0 dB 0 dB 
UWB individual device average e.i.r.p. density 
aggregated to produce target interference -61.3 dBm/MHz -8.16 dBm/MHz 

FCC e.i.r.p. density limits -61.3 dBm/MHz  outdoor 
 

-61.3 dBm/MHz  outdoor 
-51.3 dBm/MHz  indoor 

Service sufficiently protected at FCC limits? YES YES 
* CSSIF actually quotes a value of 1,259 million, which is not taken from the ITU report. 
** This assumes one UWB device per person seen by satellite in North America. 

 
As per the above evaluation, the FSS uplinks in 14.0 – 14.5 GHz are protected at the FCC 
emission limits and I/N = -20 dB. These uplinks are over protected at I/N = -6dB, UWB 
activity factor of 5%, and indoor : outdoor UWB device ratio of 80 : 20.  
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1.2.4.13   FSS Network Uplinks in 28.35 - 30 GHz 
  
In the following table the Department evaluated potential UWB interference using CSSIF 
preferred parameters as well as the Department’s analysis using I/N = -6dB, 5% UWB 
activity factor as per Recommendation ITU-R SM.1755, and an indoor : outdoor  UWB 
device ratio of 80 : 20 with 12 dB wall attenuation.  
 

Aggregate Interference Analysis 

Parameters 
Department’s analysis 
with preferred CSSIF 

parameters 

Department’s Analysis 
with realistic parameters 

Reference bandwidth 1 MHz 1 MHz 
Center frequency 29.25 GHz 29.25 GHz 
Slant path distance 37,800 km 37,800 km 
Clear air attenuation -1 dB -1 dB 
Satellite antenna gain 43.4 dBi 43.4 dBi 
Uplink system noise temperature 728 °K 728° K 
Protection criterion: I/N -20 dB -6 dB 
Maximum permissible interference level -129.98 dBm/MHz -115.98 dBm/MHz 
Instantaneous nadir-pointing coverage circle 218,701,789 km2 218,701,789 km2 
Maximum tolerable number of UWB devices in beam 16,960,961,734 300,000,000 * 
UWB activity factor 100% 5% 
Attenuation due to activity factor 0 dB -13.01 dB 
Indoor: outdoor UWB usage ratio 0:100 80:20 
Indoor roof/wall attenuation to outside not used -12 dB 
Effective average attenuation from indoor/outdoor 0 dB -6.01 dB 
Polarization isolation 0 dB 0 dB 
Insertion loss (between Rx antenna and Rx input) 0 dB 0 dB 
UWB individual device average e.i.r.p. density 
aggregated to produce target interference -61.3 dBm/MHz -10.83 dBm/MHz 

FCC e.i.r.p. density limits -61.3 dBm/MHz  outdoor 
 

-61.3 dBm/MHz  outdoor 
-51.3 dBm/MHz  indoor 

Service sufficiently protected at FCC limits? YES YES 
* This assumes one UWB device per person seen by satellite in North America. 

 
As per the above evaluation, the FSS uplinks in 28.35 – 30.0 GHz are protected at the 
FCC emission limits and I/N = -20 dB. These uplinks are over protected at I/N = -6dB, 
UWB activity factor of 5%, and indoor : outdoor UWB device ratio of 80 : 20.  
 
1.2.4.14  FSS/BSS Ku-Band 10.7-12.7 GHz, and FSS Ka-Bands 18.3-18.8 GHz 

and 19.7-20.2 GHz Downlinks 
 
The Ku-band 10.7-12.7 GHz, and Ka-bands 18.3-18.8 GHz and 19.7-20.2 GHz 
downlinks are within the restricted frequency bands 10.6-12.7 GHz and 17.7-21.4 GHz.  
In Canada, the Ku-band 10.7-12.7 is extensively used for applications such as Direct-to-
Home (DTH) television reception and Very Small Aperture Terminal (VSAT) interactive 
data. The Ka-band 19.7-20.2 GHz is capable of offering consumer-oriented high-speed 
internet services provided by Anik F2. The small earth terminals operated in the 
frequency band 19.7-20.2 GHz have large bandwidth receivers.   
 
The Department notes that there is typically a waveguide filter before the LNA to remove 
the transmit signal leaking to the receiver via the diplexer.  However, that filter is not 
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narrow (typically 1 GHz or more in bandwidth) and only has a high level of attenuation 
(> 40-50 dB) in the 29.5-30 GHz band.  The exact passband of the receiver in commercial 
systems is proprietary never disclosed openly and can only be guessed.  CSSIF is 
concerned about the potential aggregate impact that Ka-band UWB vehicular radar units 
operating in the near-by frequency bands 16.2-17.7 GHz and 23.12-29 GHz will have on 
the small earth terminals operating in the frequency band 19.7-20.2 GHz. 
 

Single Interference Analysis  into Typical DTH television dish (subscriber terminal) 
Department’s Analysis Parameter Bell ExpressVu Star Choice 

Frequency Band 12.2-12.7 GHz 11.7-12.2 GHz 
Centre frequency 12.45 GHz 11.95 GHz 
Minimum single interferer distance See text below See text below  
Rx Terminal antenna height 3 m * 3 m * 
UWB device height 1.7 m 1.7 m 
UWB elevation angle offset Calculated value  Calculated value  
Dish Elevation angle 11 degrees ** 11 degrees ** 
θ = elevation angle – offset Calculated value  Calculated value  
Antenna pattern 29 – 25 log θ 29 – 25 log θ 
Rx Antenna gain @ θ Calculated value  Calculated value  
UWB activity factor 100% = 0 dB 100% = 0 dB 
Feeder loss (FL) – loss is considered negative 0 dB*** 0 dB*** 
Noise figure (NF) 0.75 dB 0.75 dB 
Antenna temperature (Tant) 30 °K 30 °K 
Equipment noise temperature: 

( )110290 10 −= /NF
equipT  54.67 °K 54.67 °K 

System noise temperature: 

equip
FL

ant TTT +×= − 10/10  84.67 °K 84.67 °K 

Protection criterion: I/N -6 dB -6 dB 
Maximum permissible interference level -125.32 dBm/MHz -125.32 dBm/MHz 
UWB individual device average e.i.r.p. density to 
produce target interference See Figure below See Figure below 

FCC e.i.r.p. density limits -61.3 dBm/MHz  outdoor 
-51.3 dBm/MHz  indoor 

-61.3 dBm/MHz  outdoor 
-51.3 dBm/MHz  indoor 

Service sufficiently protected at FCC limits? YES  YES  
* This is the typical height for homes found in a suburban environment (used in the Intel submission). 
** This is the minimum elevation angle found from a sample of Canadian cities (Star Choice – Anik F1 at 107.3°). 
*** It is assumed that the LNB is right at the focal point and no feeder link is involved. 

 
The figure below plots the maximum average UWB e.i.r.p. density level against 
minimum interference distance for an acceptable maximum interference level of -125.32 
dBm/MHz.  Worst-case interference was assumed where the interferer falls on the 
azimuth of the victim receiver.  The FCC adopted e.i.r.p. density level of -61.3 dBm/MHz 
is plotted below for comparison purposes. 
 



 61

0 1 2 3 4 5 6 7 8 9 10
-120

-110

-100

-90

-80

-70

-60

-50

-40

Separation Distance (m)

E
.i.

r.
p.

 (
dB

m
/M

H
z)

-61.3 dBm/MHz

 
 

From the above curve, the FCC UWB e.i.r.p. level of -61.3 dBm/MHz provides adequate 
protection to the DTH television dish if the UWB device operates no less than 34.4 cm 
away. Since the TV dish is installed outdoors, DTH TV is also protected from indoor 
UWB communication devices operating at e.i.r.p. density of -51.3 dBm/MHz when 
considering wall attenuation (12 dB). 
 

Single Interference Analysis for a typical subscriber terminal for high-speed internet services 
Parameter Department’s Analysis 

Frequency band 19.7-20.2 GHz 
Centre frequency 19.95 GHz 
Reference bandwidth 1 MHz 
Single interferer distance See text below 
Rx terminal antenna height 2.1 m * 
UWB device height 1.7 m 
UWB elevation angle offset Calculated value  
Dish Elevation angle 5 degrees 
θ = elevation angle – offset Calculated value  
Rx Antenna pattern 29 – 25 log θ 
Rx Antenna gain @ θ Calculated value  
UWB activity factor 100% = 0 dB 
System noise temperature 70 °K ** 
Typical G/T 15.4 dBi/°K ** 
Protection criterion: I/N -6 dB 
Maximum permissible interference level 126.15 dBm/MHz 
UWB individual device average e.i.r.p. density to produce target 
interference See text below 

FCC e.i.r.p. density limits -61.3 dBm/MHz Vehicular radar and outdoor 
-51.3 dBm/MHz indoor  

Service sufficiently protected at FCC limits? Yes 
* Standard installation by NetKaster is to mount the dish at a minimum of 2.1 m above the ground and 3 m above any pedestrian 

walkway as required by Industry Canada regulations. 
** Taken from the specifications from Surfbeam’s low cost outdoor subscriber terminal. 

 
The figure below plots the maximum UWB e.i.r.p. density level against minimum 
interference distance for an acceptable maximum interference level of -126.15 
dBm/MHz.  It is assumed that the interferer falls on the azimuth of the victim receiver 
(worst-case scenario).  The FCC adopted e.i.r.p. density level of -61.3 dBm/MHz is also 
plotted for comparison purposes. 
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From the above curve, the FCC UWB e.i.r.p. level of -61.3 dBm/MHz adequately 
protects to the subscriber terminals when the UWB device operates no less than 68.78 cm 
away. Since the reception dish is installed outdoor, high speed internet service provided 
by Anik-F2 is also protected from indoor UWB communication devices operating at 
e.i.r.p. density of -51.3 dBm/MHz when considering a wall attenuation of 12 dB. 
 
1.2.4.15  FSS Uplinks and Earth-to-Space Feeder Link MSS   
 
The following text from the Report SM.2057 of ITU-R TG 1/8 (Attachment 3 to Annex 
5) on UWB aggregate interference with FSS uplinks in 6, 8, 14, and 30 GHz bands 
concludes that the UWB interference into the FSS uplinks in these bands is negligible: 

 
“This section summarizes different studies dealing with the uplink case that have 

been submitted to TG 1/8.  All studies were based on the GSO satellite based simplified 
summation methodology to calculate the aggregate interference and used the FSS 
protection criterion (I/N = –20 dB) given in Recommendation ITU-R S.1432. This 
methodology is based on the calculation of the interference by aggregating the emission 
of the UWB devices located in the satellite receive antenna beam.  The nature of the 
interference coming from UWB devices is assumed to be noise-like. 

 
A number of studies were performed using a UWB emission level of – 41.3 

dBm/MHz, and have been conducted in the frequency range of 6 GHz and 28 GHz 
considering free space propagation. Table 1 below presents the summary of the studies 
based on this methodology for typical FSS uplinks.  For each study, the maximum number 
of active UWB devices over an area in order to protect the satellite receiver is given. 
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TABLE 1 

Summary of results of FSS uplink studies for various frequency bands based on 
the GSO satellite based simplified summation methodology 

 

Study Satellite assumptions UWB assumptions Maximum density of active UWB 
devices for I/N = –20 dB 

protection criterion 

Study 1: 
8/14/30 
GHz 
Uplink 

T = 500 K 
Global beam 
Ant. gain Gsat ≈ 10 log (4πr2/s) 

100% outdoor 
Uniformly distributed 
Free-space loss. 

8 active UWB/km² @ 8 GHz 
2 551 active UWB/km2 @ 14 GHz 
11 715 active UWB/ km2 @ 30 GHz 

Study 2: 
6 GHz 
Uplink 

T = 500K 
Zone, Spot beam 
Antenna beamwidth = 2o to 12o.  
Satellite Ant. Gain = 25.6 to 
41.2 dBio 

50% indoor 
Uniformly distributed over the 
beam. 
Free-space loss. 
Roof loss: 8.5 dB. 

10 active UWB/km² (equivalent to  
12 329 000 active UWB devices at  
2o to 534 164 000 active devices at 
12o ) 

Study 3: 
6 GHz 
Uplink 

T=1000 K. 
Elliptical (Europe) zone beam 
ITU-R Rec. S.672 
Ant. gain towards horizon = 
14.5 dBi to –10 dBi at elevations 
= 5o to ≥ 48 o respectively. 

50% indoor 
Uniformly distributed 
No Clutter 
Free-space loss 
10 dB Building loss. 

25 active UWB /km² for UWB devices 
in 70% of area 
40 active UWB /km² for UWB devices 
in 40% of area 
33 active UWB /km² for UWB devices 
in 10% of area 

Study 4: 
6 GHz 
Uplink 

Zone Beam (Europe) 
T = 100 K 
Ant. gain towards horizon = 
14.5 dBi to –10 dBi at elevations 
= 5o to ≥ 48 o respectively. 

95% outdoor 
Randomly distributed Free-
space loss 
10 dB Building loss 

20 active UWB /km² (equivalent to 34 
000 000 UWB over the beam) 

Study 5: 
6 GHz 
Uplink 

T = 675 K. 
Zone beam (N America) 
Satellite Ant. Gain (GSAT) =  
34 dBi.  
Clear air loss = 0.1 dB  

100% outdoor. 
Uniformly distributed. 
Free-space loss. 
 

100 300 000 UWB devices over the 
beam 
(equivalent to approx 7 devices per 
km² over 15m km²) 

Study 6: 
6 GHz 
uplink 

T = 700 K 
Zone beam, coverage radius 
3000 km 
Satellite Ant. Gain (GSAT) =  
25 dBi 
ITU-R S.672 with Ls = -20 dB 

Uniformly distributed. 
Free-space loss plus range of 0  
-50 dB roof/clutter loss  
(0 dB corresponds to 100% 
outdoor) 
 

400,000,000 UWB devices over the 
beam for 100% outdoor 
(equivalent to approx 14 devices per 
km² over 28m km²) 

Study 7: 
28 GHz 
Uplink 

T = 728 K 
Zone beam (N America) 
Satellite Ant. Gain (GSAT) =  
46.4 dBi 
Clear air loss = 0.5 dB 

100% outdoor  
Uniformly distributed  
Free-space loss. 

152 480 000 UWB devices over the 
beam 
(equivalent to approx 11 devices per 
km² over 15m km²) 
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For the MSS feeder links of GSO FSS systems, the aggregate methodology is also 
used in addition to the GSO satellite based aggregate methodology. In these cases, a 
combination of 80% indoor and 20% outdoor distribution of UWB devices is assumed.”  
Moreover, the maximum number of active UWB devices given is an average through a 
large area (for example Europe). That means that, as there are some sea areas or low 
density areas, this number can be considered higher in some location. Therefore, taking 
into account the methodologies and parameters used, the studies show that a large 
deployment of UWB devices would not create an exceedance of the protection criterion of 
the Fixed Satellite Service uplinks. 

 
The results of the various studies indicate that the aggregate interference into the 

satellite receiver is unlikely to be problematic for a protection criterion of I/N = -20 dB 
and a UWB device EIRP density of -41.3 dBm/MHz.” 

 
The Department participated actively in the deliberations of the above ITU-R research 
which concluded that the effect of UWB devices on FSS and MSS feeder links in the 
earth-to-space direction is negligible. 
 
1.2.4.16  MSS Service Links 

 
The CSSIF submission is concerned about the protection of MSS GSO space-to-earth 
service at 1525-1559 MHz, MSS earth-to-space at 2160-2200 MHz, and MSS space-to-
earth at 1990-2025 MHz as well as NGSO MSS earth-to-space at 1610-1625.5 MHz and 
NGSO MSS space-to-earth in 2484.5 – 2500 MHz. The CSSIF wants a minimum 
separation distance between UWB devices and MSS service terminals similar to that of 
terrestrial mobile systems. 

1.2.4.16.1 MSS Search and Rescue Systems 
 
The following table is copied from ITU-R TG 1/8 final Report on compatibility studies.  
The MSS Search and Rescue systems (Cospas/Sarsat Earth stations) in the 1 544- 1 
545 MHz band and the MSS Search and Rescue systems (GSO Earth-stations) in the 
1544 -1 545 MHz band are protected at UWB e.i.r.p. of -75.3 dBm/MHz. 
 

Summary of Studies Submitted to the ITU-R TG 1/8 

Frequency  
Band 

Victim station 
characteristics 

Protection 
criteria used 

in study 
Interference scenario 

UWB e.i.r.p. 
density  

(dBm/MHz) 

MSS Search and 
rescue systems 
(Cospas/Sarsat 
Earth station) 
1 544- 1 545 MHz 

Ant. Gain = 21 dBi  
towards horizon 
 

I < −113.2  
dBm/ MHz 

Aggregate; 
UWB deployment: 20% 
outdoor, 80% indoor 
Propagation: Rec. P.1238-2 
and 9 dB wall attenuation 
Interference method: Integral 
(R = 10 km) 

−75 
 

Separation distance = 10 
m for 1 000 active 
UWB devices/km2 
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Summary of Studies Submitted to the ITU-R TG 1/8 

Frequency  
Band 

Victim station 
characteristics 

Protection 
criteria used 

in study 
Interference scenario 

UWB e.i.r.p. 
density  

(dBm/MHz) 

MSS Search and 
rescue systems 
(GSO Earth 
station) 
1 544- 1 545 MHz 

Ant. Gain = 25 dBi  
towards horizon 
 

I < −133.2  
dBm/ MHz 

Aggregate; UWB 
deployment: 20% outdoor, 
80% indoor. 
Propagation:  Rec. P.1238-2 
and 9 dB wall attenuation 
Interference method: Integral 
(R = 10 km)  

−75 
Separation distance = 
0.1 km to 9.4 km for 

100 to 1 000 
active UWB devices/m2, 

respectively 

 
For an interference-to-noise ratio I/N = -6 dB instead of -20 dB, and 12 dB wall 
attenuation instead of 9 dB with 80 : 20 ratio for indoor : outdoor UWB devices, the 
active device density of UWB device will increase by 19.2 dB (about 83 times). It should 
also be noted that the UWB activity factor as per Recommendation ITU-R SM.1755 is 
0.05. Furthermore, considering reasonable assumptions for the victim receiver antenna 
gain towards the horizon instead of antenna peak will further shorten the minimum 
separation distance and increase tolerance to multiple interferers. 

 
From the above table, the FCC UWB emission limits at -75.3 dBm/MHz protect MSS 
GSO Search and Rescue earth stations and Cospas/Sarsat Search and Rescue earth 
stations. Considering reasonable assumptions for the victim receiver antenna gain 
towards the horizon, and reasonable density of active UWB device density would further 
protect Search and Rescue earth stations.  
 
1.2.4.16.2 MSS GSO Service Links in 1525 -1559 MHz and 1626.5-1660 MHz 

 
The CSSIF submission states that the ITU-R studies indicated that UWB devices 
transmitting at -53.3 dBm/MHz should not cause significant interference into the MSS 
satellite receivers in the band 1610 – 1990 MHz.  

 
The following table summarizes MSS GSO ITU-R studies. The CSSIF submission 
relevant to the uplink direction is correct in its analysis. For the downlink direction, the 
results of the ITU-R analysis are for peak receiver antenna gain and I/N = -20 dB, and 
vary according to the receiver bandwidth and system noise temperature.  
 
 



Summary of Studies Submitted to the ITU-R TG 1/8 for MSS GSO Service Links  
in 1525 -1559 MHz  

Frequency 
bands 

Victim station  
characteristics 

I/N used  
in study 

Interference scenario 
UWB e.i.r.p. 

density  
(dBm/MHz) 

Service links of 
GSO MSS 
(downlink) 
1 525-1 559  
MHz 

Bandwidth = 
60 kHz to 200 kHz. 
System Noise temp = 
316°K to 355° K 
Peak gain 18 dBi 

I/N = −20 dB Single interferer,  
20 m separation 
Free space path loss for 
MES terminals deployed 
in rural areas. 
Rec. ITU-R P.1411 for 
MES terminals deployed 
in urban areas 
10 dB wall attenuation 

−98.4 
 

Service links of 
GSO MSS 
(downlink) 
1 525 -1 559  
MHz 

Aero MES terminals 
Bandwidth = 
60 kHz to 200 kHz. 
System Noise temp = 
316°K to 355° K. 
Receive gain 0 dBi 

I/N = −20 dB Airborne aggregate 
interference model  

−75.3 to −98.0 
for 10 to 10 000 

active UWB 
devices/km2, 
respectively 

  
The on-tune rejection (OTR) of the GSO MSS receiver needs to be considered. The 
e.i.r.p. of the UWB signal is provided for a 1 MHz reference bandwidth. The receiver 
terminal maximum bandwidth is 200 kHz. 

  
OTR 10 log

BWRX
REFBWUWB

⎛
⎜
⎝

⎞
⎟
⎠

:=
 

 
Where BWRX = receiver IF bandwidth and REFBWUWB = reference bandwidth applied to 
the UWB e.i.r.p. This results in OTR = – 7 dB i.e.; 7 dB reduction in UWB interference. 
In addition, for an I/N = -6 dB instead of -20 dB, and 12 dB wall attenuation instead of 10 
dB, the density of active UWB device will increase by 21.5 dB (by a factor of 141). It 
should also be noted that the UWB activity factor as per Recommendation ITU-R 
SM.1755 is 0.05. Furthermore, consideration of reasonable assumptions for the victim 
receiver antenna gain towards the horizon instead of peak gain will further shorten the 
minimum separation distance and increase tolerance to multiple interferers. 

 
Based on the above, the UWB e.i.r.p. density level of -75.3 dBm/MHz is sufficient to 
protect the MSS service links in the bands 1525 -1559 MHz. 
 
For service links of GSO MSS (uplink) in 1 626.5 - 1 660.5 MHz, the following text is 
from ITU-R TG 1/8 Report SM.2057 (Attachment 4):  
“ The results of interference computations for interference into satellite receiver from 
UWB emitters within the coverage area of service link global beam are given in 
Tables [16] and [17] for System-1 and System-2 satellites respectively.”  
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Summary of aggregate interference levels from multiple UWB emitters into GSO 
MSS satellite receiver for different emitter densities - Scenario-B (uplink 1.6 GHz) 
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Summary of aggregate interference levels from multiple UWB emitters into GSO 
MSS System-1 satellite receiver-Scenario-B (uplink 1.6 GHz) 
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Summary of aggregate interference levels from multiple UWB emitters into GSO 
MSS System-2 satellite receiver-Scenario-B (uplink 1.6 GHz) 

 
 
In the above tables, the results of the ITU-R analysis are for peak receiver antenna gain, 
and I/N = -20 dB. These results vary according to the receiver bandwidth, system noise 
temperature and active UWB devices density. These tables show that the UWB e.i.r.p. 
density of -75.28 dBm/MHz can accommodate at least 1000 active UWB devices/km2. 
Using a UWB device activity factor of 5% as per Recommendation ITU-R SM.1755, this 
number of UWB devices that could be accommodated rises to 20,000 UWB devices/km2. 

 
The -10 dB emission bandwidth of the UWB communication device must be within the 
range 3 100 -10 600 MHz. It is also unlikely that a physical emitter would exactly follow 
the “staircase” function of the FCC masks. Thus the transmit power spectral density is 
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estimated based on linear interpolation between the “internal knees” of the FCC masks. 
This interpolation provides the following average interference e.i.r.p. density. 
 

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
1 660 MHz - 74.5 dBm/MHz - 74.83 dBm/MHz 
 

For an I/N = -6 dB instead of -20 dB, and 12 dB wall attenuation instead of 10 dB, the 
active UWB device density will increase by 14.5 dB (about 28 times). Furthermore, 
considering reasonable assumptions for the victim receiver antenna gain towards the 
horizon instead of peak gain will further shorten the minimum separation distance and 
increase tolerance to additional multiple UWB interferers. 
 
Thus, the FCC linearly interpolated e.i.r.p. density level of -74.83 dBm/MHz (indoor) and 
-74.5 dBm/MHz (outdoor) at 1660 MHz instead of ITU-R calculations at e.i.r.p. of -51.3 
dBm/MHz (indoor) and -61.3 dBm/MHz (outdoor) will suffice for protection of MSS 
GSO Service Links in 1626.5-1660 MHz. 
 
1.2.4.16.3 MSS in 1 990-2 025 MHz and 2 160-2 200 MHz 
 
GSO MSS networks operate in the S-band frequency range of 1990-2025 MHz in the 
uplink and 2 160-2 200 MHz in the downlink.  CSSIF notes that the ITU has not 
conducted extensive studies of interference into the 2 GHz MSS earth station receivers.  
However, based on the L-band ITU studies, the required separation distance from an 
UWB device, to meet a 1% protection criterion, will be well over 100 m.  CSSIF believes 
that the FCC e.i.r.p. density levels of -51.3 dBm/MHz for indoor operations and -61.3 
dBm/MHz for outdoor operations will not adequately protect the GSO MSS networks and 
that an e.i.r.p. density lower than -75.3 dBm/MHz should be adopted for both the S-band 
and L-band.  In fact, an e.i.r.p. density level of -85 dBm/MHz has been recommended by 
an ITU study to protect hand-held MES terminals in the adjacent band 2210-2170 MHz.   
 
Like the L-band, it is generally recognized that the aggregate interference from UWB 
devices will not cause significant interference to MSS satellite on-board receivers in the 
MSS uplink 2 160 – 2 200 MHz.  

 
The -10 dB emission bandwidth of the UWB communication device must be within the 
range 3 100 -10 600 MHz. It is unlikely that a physical emitter would exactly follow the 
“staircase” function of the FCC masks. Thus the transmit power spectral density is 
estimated based on linear interpolation between the “internal knees” of the FCC masks. 
This interpolation provides the following average interference e.i.r.p. density. 
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Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz and 

-75.3 dBm/MHz@1 610 MHz 
2025 MHz - 71.40 dBm/MHz - 68.61 dBm/MHz 
2200 MHz -69.75 dBm/MHz -65.80 dBm/MHz 

 
Interference Analysis for GSO MSS Hand-held MES terminals downlink  

in the Band 2 160-2 200 MHz 
Parameter Department’s Analysis 

Reference Bandwidth 1 MHz 
Frequency 2200 MHz 
  
Rx antenna gain 0 dBi 
  
Thermal Noise -113.98 dBm/MHz 
Protection criterion I/N -6 dB 
Noise Figure 9 dB 
Maximum permissible interference level -110.98 dBm/MHz 
UWB activity factor 5% 
Attenuation due to activity factor -13.01 dB 
Indoor: outdoor UWB usage ratio 80:20 
Indoor roof/wall attenuation to outside -12 dB 
Effective average attenuation from indoor/outdoor -6.01 dB 

N: Number of UWB devices *  
(additional interference) 

N= 1 (0 dB) at 100% activity 
N= 81 indoor (+19.08 dB) at 5% activity 
N= 200 outdoor (23dB) at 5% activity 

Polarization isolation 0 dB 
Insertion loss (between Rx antenna and Rx input) 4 dB 
Free space path loss at 1.6 m 43.4 dB 
Acceptable UWB average e.i.r.p. density for a single device active at 
100% of time 

-63.58 dBm/MHz for N= 1 device 
-63.58 dBm/MHz indoor for N= 1 device 

Acceptable UWB average e.i.r.p. density for a N= UWB devices active 
at 5% of time 

-67.58 dBm/MHz for N= 200 devices 
-65.66 dBm/MHz indoor for N= 81 devices 

FCC e.i.r.p. density limits -69.75 dBm/MHz outdoor+ 
-65.8 dBm/MHz indoor+ 

Service sufficiently protected at FCC limits? YES (indoor) 
YES (outdoor) 

* UWB devices are located in a ring around the victim receiver at the same minimum separation distance. 
+ FCC linearly interpolated limits between 1610- 3100 MHz. 

 
From the above assessment, the FCC linearly interpolated e.i.r.p. density level of -65.8 
dBm/MHz (indoor) and -69.75 dBm/MHz (outdoor) at 2200 MHz will suffice for the 
protection of MSS GSO downlinks in 2160 - 2200 MHz. 
 
The ITU-R TG 1/8 studies on UWB compatibility with GEO satellite uplinks concluded 
that all uplinks are protected from UWB interference. 
 
1.2.4.16.4 MSS Space-to-Earth Networks in 2483.5-2500 MHz 
 
CSSIF notes the close similarity between the interference from UWB devices into hand-
held mobile-satellite terminals in the 2483.5-2500 MHz band and the interference into 
hand-held terrestrial IMT-2000 terrestrial mobile terminals in portions of the 2500-2690 
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MHz band.  In both cases, the user terminals use low-gain omni antennas and use similar 
CDMA air interfaces. On that basis, the CSSIF proposes that the maximum power limit 
for UWB devices in the 2483.5-2500 MHz band be -83.1 dBm/MHz, the same level as 
being proposed by the RABC for the bands 2483.5-2500 MHz and 2500-2690 MHz. 
For the Department’s evaluation and conclusion of Globalstar Space-to-Earth networks in 
2483.5-2500 MHz, please refer to Section 1.2.6.4 and for the IMT-2000 evaluation in 
1.2.10. 
 
1.2.4.16.5 MSS Earth-to-Space Networks in 1610-1626.5 MHz 
 
In the following table, a study was conducted by the Department using the CSSIF 
preferred parameters and more realistic assumptions.  
 

Aggregate Interference Analysis for MSS Earth-to-Space Networks in the Band 1610-1626.5 MHz 

Parameter 
Department’s analysis 
with preferred CSSIF 

parameters  

Department’s Analysis 
with realistic parameters 

Reference Bandwidth 1 MHz 1 MHz 
Center frequency 1613 MHz 1613 MHz 
Slant path distance 1504 km 1504 km 
Clear air attenuation -0.5 dB -0.5 dB 
Satellite antenna gain 8.5 dBi 8.5 dBi 
Uplink system noise temperature 500 °K 500 °K 
Protection criterion I/N -20 dB -6 dB 
Maximum permissible interference level -131.61 dBm/MHz -117.61 dBm/MHz 
Instantaneous nadir-pointing coverage circle 48772122 km2 48772122 km2 
Maximum tolerable number of UWB devices in beam 24,480,380,632 300,000,000 * 
UWB activity factor 100% 5% 
Attenuation due to activity factor 0 dB -13.01 dB 
Indoor: outdoor UWB usage ratio 0:100 80:20 
Indoor roof/wall attenuation to outside all outside -12 dB 
Effective average attenuation from indoor/outdoor 0 dB -6.01 dB 
Polarization isolation 0 dB 0 dB 
Insertion loss (between Rx antenna and Rx input) 0 dB 0 dB 
UWB individual device average e.i.r.p. density 
aggregated to produce target interference -63.3 dBm/MHz -31.16 dBm/MHz 

FCC e.i.r.p. density limits -63.3 dBm/MHz  outdoor 
-53.3 dBm/MHz  indoor 

-63.3 dBm/MHz  outdoor 
-53.3 dBm/MHz  indoor 

Service sufficiently protected at FCC limits? YES YES 
* This assumes one UWB device per person seen by satellite in North America. 

 
Furthermore, the -10 dB emission bandwidth of the UWB communication device must be 
within the range 3 100 -10 600 MHz.  It is unlikely that a physical emitter would exactly 
follow the “staircase” function of the FCC masks. Thus the transmit power spectral 
density is calculated based on linear interpolation between the “internal knees” of the 
FCC masks. This interpolation provides the following average e.i.r.p. density. 
 

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz and 

-75.3 dBm/MHz@1 610 MHz 
1626.5 MHz -  75.14 dBm/MHz - 75.0 dBm/MHz 
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Thus, the calculations in the above table are on the very safe side and that the FCC 
emission limits sufficiently protect MSS Earth-to-Space Networks in the Band 1610-
1626.5 MHz.  
 
1.2.4.16.6 Earth-to-Space MSS Feeder Links in 5091-5250 MHz 
 
In the following table, a study was conducted by the Department using the CSSIF 
preferred parameters and more realistic assumptions. 
 

Aggregate Interference Analysis for Earth-to-Space MSS Feeder Links in the Band 5091-5250 MHz 

Parameter 
Department’s analysis 
with preferred CSSIF 

parameters 

Department’s Analysis 
with realistic assumptions 

Reference Bandwidth 1 MHz 1 MHz 
Center frequency 5150 MHz 5150 MHz 
Slant path distance 1504 km 1504 km 
Clear air attenuation -0.5 dB -0.5 dB 
Satellite antenna gain 3.1 dBi 3.1 dBi 
Uplink system noise temperature 549.5 °K 549.5 °K 
Protection criterion I/N -20 dB -6 dB 
Maximum permissible interference level -131.2 dBm/MHz -117.2 dBm/MHz 
Instantaneous nadir-pointing coverage circle 48772122 km2 48772122 km2 
Maximum tolerable number of UWB devices in beam 60,001,427 300,000,000 * 
UWB activity factor 100% 5% 
Attenuation due to activity factor 0 dB -13.01 dB 
Indoor: outdoor UWB usage ratio 0:100 80:20 
Indoor roof/wall attenuation to outside all outdoor -12 dB 
Effective average attenuation from indoor/outdoor 0 dB -6.01 dB 
Polarization isolation 0 dB 0 dB 
Insertion loss (between Rx antenna and Rx input) 0 dB 0 dB 
UWB individual device average e.i.r.p. density 
aggregated to produce target interference -41.3 dBm/MHz -15.27 dBm/MHz 

FCC e.i.r.p. density limits -41.3 dBm/MHz -41.3 dBm/MHz 
Service sufficiently protected at FCC limits? YES YES 
* This assumes one UWB device per person seen by satellite in North America. 

 
Thus, the calculations in the above table are on the very safe side and that the FCC 
emission limits sufficiently protect Earth-to-space MSS feeder links in the band 5091-
5250 MHz. 
 
Please note that the Globalstar evaluation in Section 1.2.6.2 concluded the same. 
 
1.2.4.17  Space-to-Earth MSS Feeder Links in 6875-7055 MHz 
 
Please refer to the evaluations of the submission of Globalstar in Section 1.2.6. 
 
1.2.4.18  RNSS Networks 

 
This submission requested an UWB e.i.r.p. density limit of -83.5 dBm/MHz for the 
protection of RNSS GPS in the bands 1559-1610 MHz and 1164-1300 MHz as well as 
Galileo in the band 5010-5030 MHz. 
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Please refer to Sections 1.2.3 and 1.2.11 for GPS evaluation in the bands 1559-1610 
MHz, 1164-1300 MHz, and 5010-5030 MHz. 
 
1.2.4.19 EESS and Space-Operations Networks 

 
This submission expressed concerns about the protection of EESS and Space Operations 
(SO) networks: NGSO EESS RADARSAT, SCISAT,MOST, CASSIOPE, and 
CASCADE networks in 2025-2110 MHz, EESS (active ) in 5250-5560 MHz; Earth-to-
space RADARSAT networks at 8 GHz; and EESS (passive) in the 23.6 -24 GHz band. 

 
Please refer to Section 1.2.3 regarding the submission of the Canadian Space Agency for 
the evaluation of protection levels for the bands 2025-2110 MHz, 5250-5560 MHz, 8025-
8100 MHz, and 23.6-24 GHz. 
 

1.2.5  Freescale Semiconductor Submission  
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-freescale-01.pdf/$FILE/smse00205-freescale-01.pdf 
 
The submission of Freescale Semiconductor Inc., suggests text on measurement of UWB 
emissions, separation of UWB and general digital emissions, and measurement method 
for emissions below 960 MHz. This submission also provides a study on the impact of 
reducing the UWB transmission power on the communication distance of DS-CDMA 
UWB wireless personal area networks (PAN).  
 
1.2.5.1  UWB Wireless PAN in 3.1 – 4.8 GHz 

 
This submission provides simulation results showing the communication range versus 
e.i.r.p. density in 3.1 – 4.8 GHz for Direct-Sequence UWB (DS-UWB) wireless personal 
area network (PAN) at various data rates (110, 220 and 500 Mbits/s) and free-space 
propagation line-of-sight (LOS) and non line-of-sight (NLOS) channels. Freescale 
expresses the view that the given communication distance versus transmit power for 
various data rates are optimistic because they are based on an assumed 1/R2 path-loss for 
both LOS and NLOS channels. For NLOS channels, the path loss is often more severe, 
falling off at 1/Rn, n=3-3.5. This means that the NLOS ranges would be even shorter than 
indicated.  
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Communication LOS distance versus transmit power for DS-UWB at various data 
rates in 3.1 – 4.8 GHz. 

 
 

The Department’s Evaluation and Conclusion 
 

The above Freescale simulation curves show that the UWB communication distance 
drops to unuseful distances as the UWB e.i.r.p. decreases. It is evident that for NLOS 
channels, the path-loss will be higher and the communication distance shorter. . This 
means that the NLOS communication distance would be even shorter than indicated in 
the above curves.  

 
As shown in the above curves for LOS propagation, the communications range drops 
below 2m when the UWB e.i.r.p. falls below -61 dBm/MHz. The communications range 
would be even shorter for NLOS channels. Since the usefulness of UWB is predicated on 
it possessing characteristics distinct from existing technology, it would appear that even 
at an EIRP level of -41.3 dBm/MHz, the conditions of a high bit rate and useable link 
distance are only marginally satisfied.  
 

1.2.6  Globalstar Canada Submission  
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-globalstart-cover.pdf/$FILE/smse00205-globalstart-cover.pdf 
 
This submission provides characteristics of Globalstar networks that pertain to the 
consultation, the mechanism of interference from UWB transmission into satellite 
receivers and earth station receivers, and compatibility at 2.5 GHz downlink, 5.1 GHz 



 76

uplink, and 6.9 GHz feeder-link. Calculations involving interference at the receiver input 
are based on ITU-R Document 1-8/256. 
 
1.2.6.1  MSS Uplinks in 1 610 – 1 626.5 MHz 

 
The submission of Globalstar Canada states that at the -75.3 dBm/MHz level for UWB 
outdoor communication devices in the adjacent 960-1610 MHz band, there is not likely to 
be significant interference into 1.6 GHz MSS service uplinks. At the -51.3 dBm/MHz 
level of through-wall and indoor UWB devices, significant interference could occur 
unless the indoor/outdoor attenuation was significant and the implemented numbers of 
GPR, through-wall, and wall-imaging radars was not large.  
 
The Department’s Evaluation and Conclusion 

 
It should be noted that transmissions from radar imaging devices are usually directed 
towards the ground or an object and not toward a victim receiver.  

 
Based on the above, the Globalstar Canada analysis is correct in its assertion that the risk 
of interference from UWB communication devices and also from vehicular radar devices 
at UWB e.i.r.p of -75.3 dBm/MHz into MSS uplinks in 1 610 – 1 626.5 MHz is 
negligible. In addition, the risk of UWB interference from UWB radar imaging including 
through-wall imaging and surveillance devices at the -51.3 dBm/MHz level into the MSS 
1 610 – 1 626.5 MHz band is negligible. 
 
1.2.6.2  Feeder Uplink in 5 091-5 250 MHz  

 
The Globalstar Canada submission states that an UWB average power limit of -41.3 
dBm/MHz may initiate excessive levels of interference into the Globalstar Canada 
satellite receiver at 5 GHz, if the total number of UWB devices in North America were to 
exceed 59 million devices, a probable event. Globalstar also states that the most serious 
UWB application here would be the hand-held outdoor units, and that a 10 dB reduction 
to -51.3 dBm/MHz would likely bring the aggregate interference into an acceptable level.  
 
The Department’s Evaluation and Conclusion 

 
At a minimum, it is adequate to consider that a large percentage (e.g., 80%) of UWB 
devices would be used indoors and thus attenuated by a wall to at least 12 dB. 
Considering an indoor:outdoor UWB device ratio of 80:20 with a wall attenuation of 12 
dB results in an extra margin of 6 dB. In addition, considering a UWB activity factor of 
5% as per Recommendation ITU-R SM.1755 results in an additional margin of 13 dB. 
The total extra margin is 6 dB + 13 dB = 19 dB, which represents around 80 times the 
number of UWB devices without these considerations. Accordingly, the 59 million UWB 
devices operating at the same time will increase to 80*59 million = 4 720 million UWB 
devices, which exceeds the population of North America.  
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Based on the above, the risk of UWB interference at the -41.3 dBm/MHz level into the 
FSS Feeder links in the 5 091 – 5 250 MHz band is negligible. 
 
1.2.6.3 Space-to-Earth Feeder Downlink in 6 875-7 055 MHz  

 
The submission of Globalstar Canada expressed concerns about UWB interference into 
receiving Earth stations (FSS feeder downlink) in the 6.9 GHz band. 
 
The Department’s Evaluation and Conclusion 

 
Satellite photographs of the High River and Smith Falls earth stations and their 
surroundings were examined to determine the minimum distance to the nearest potential 
interferer (see figures below). From these photographs, the Department notes that the 
minimum exclusion zone (separation distance) is much higher than what was used in the 
submission. The Department also notes that the UWB device density assumed in the 
submission is too high. In addition, terrain shielding around the earth station needs to be 
adequately considered in the calculations. Attenuation due to terrain obstruction exceeds 
the 12 dB usually assumed for indoor/outdoor attenuations.  In addition, there would be a 
need to consider that a large percentage of UWB devices (e.g., 80%) would be obstructed 
to at least 12 dB. The Department also notes that the average earth station receiver 
antenna gain towards the horizon is less than what is used in the submission. 
Furthermore, it is noted that these antenna patterns are envelopes of the sidelobe peaks 
and that For the aggregate interference analysis an average pattern such as ITU-R 
Recommendation S.1428 is more appropriate. In addition, the Globalstar submission did 
not consider the height of the antenna of the earth station above ground in the interference 
calculations.  

 
The Globalstar submission also assumes a Noise Figure (NF) of the victim receiver close 
to 0 dB. The victim receiver has a thermal noise floor that could be approximated by, N = 
10 * log (kTB), where: T = system noise temperature in kelvins, k is the Boltzmann’s 
constant of  1.38 x 10-23 W/Hz/K, T is the device noise temperature in kelvins (K), and 
B is the receiver bandwidth in hertz (Hz).  

 
Assuming realistic technical parameters and assumptions in the compatibility analysis 
(see table below), the space-to-earth Globalstar Canada feeder links at High River are 
over protected at an UWB maximum average e.i.r.p. density of – 41.3 dBm/MHz. The 
Smith Falls feeder links are sufficiently protected from UWB interference when 
considering realistic values for the receiver antenna pattern, I/N ratio, and considering 
angle differences due to height difference between the boresight of the receive antenna 
and the UWB interfering device at a person’s height. The risk of UWB interference is 
further reduced due to the movement of the tracking receiver antenna of the Earth station 
and the quasi-random location and activity factor of the UWB transmitter.  
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6 875-7 055 MHz Space-Earth Feeder Downlink Globalstar 

Analysis 
Department’s 

Analysis 
Earth Station  Smiths Falls, 

ON 
High River, 

AB 
Reference Bandwidth 1 MHz 1 MHz 1 MHz 
Center Frequency 6875 MHz 6875 MHz 6875 MHz 
Minimum Separation Distance11 40 m 125 m   400 m 
Minimum Elevation angle of Earth Station 6º 6º 6º 
(Parabolic) Antenna feedhorn height above ground not considered 6.5 m 6.5 m 
Effective elevation angle above a 1.7m high interferer 
at interferer distance 

not considered 8.2º 6.7º 

Antenna pattern 32-25 log θ 29-25 log θ 29-25 log θ 
Antenna Gain toward interferer 12.5 dBi  6.15 dBi -10 dBi12 
System Noise Temperature 127 K 127 K 127 K 
Target Interference to Noise Ratio13  - 20 dB -6 dB -6 dB 
Maximum tolerable interference level (dBm/MHz) -137.56 -123.56 -123.56 
UWB Device e.i.r.p. density to produce target 
interference (dBm/MHz) 

-68.8   -38.58  -12.33  

FCC e.i.r.p. density Limit (dBm/MHz) -41.3 
Handhelds 

-41.3 
Handhelds 

-41.3 
Handhelds 

Service Sufficiently Protected at FCC limit(s)? NO YES YES 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
11 Distance is adjusted based on maps of Smiths Falls and High River Earth Stations, with 

markings of distance to nearest road or dwelling. 
12 Note from the map that the 400 m distance refers to the road that is due north of the antenna, 

yet the antenna’s track never swings to the due north.  The closest interferers, at 400m away, 
would be in no more than a 0 dB antenna lobe since they are at least 45 degrees off axis as the 
antenna may at closest point due northwest although even this is unlikely. 

13 Globalstar uses I/N = - 20 dB of the system thermal noise. Industry Canada believes that I/N = 
- 6 dB is sufficient. 
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Globalstar Earth Station at Smiths Falls, Ontario 
 

 
 
 

 
 

Distance from (parabolic) antenna to hobby farm backyard is 125 metres. 
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Globalstar at High River, Alberta 
 

 
 
The distance from the parabolic antenna to the road is 400m.  Note that the antenna never 
swings to the North at a low elevation angle since the LEO satellite’s path is never that 
close to the North Pole. 

 
For the aggregate interference analysis, the link budget methodology was used.  A higher 
number of UWB interfering devices would be blocked by multiple obstructions (e.g., 
multiple walls, roofs, trees, etc.) between interferers and the victim receivers. A 5% 
UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -13 dB); and 
an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 dB 
(resulting in – 6dB) was also assumed. This 19 dB together with the margin in the above 
table results in +21.7 dB increase in e.i.r.p. or similarly in interference level which allows 
148 UWB devices located at the same minimum separation distance shown in the above 
figures. As a result, the impact of interference from multiple devices is negligible.  
 
Based on the above analysis, the High River and Smiths Falls earth stations feeder 
downlinks in 6 875-7 055 MHz are sufficiently protected from UWB interference at the 
e.i.r.p. level of -41.3 dBm/MHz and I/N = -6dB. 
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1.2.6.4  Service Downlinks in 2 483.5 – 2 500 MHz  
 

The submission of Globalstar Canada also proposes that protection from UWB 
interference into its receiving terminals in the 2483.5 – 2500 MHz band be the same as 
that for terrestrial IMT-2000 mobile terminals operating in the 2500 – 2690 MHz band. 
This proposal is based on similarity of equipment and was not supported by a study.  

 
The Department’s Evaluation and Conclusion 

 
The protection of terrestrial IMT-2000 mobile terminals operating in the 2500 – 2690 
MHz in Section 1.2.10 was evaluated and it was concluded that UWB interference is 
negligible at a maximum average e.i.r.p. density of – 51.3 dBm/MHz for UWB for indoor 
communications and a maximum average e.i.r.p. density of – 61.3 dBm/MHz for UWB 
for hand-held (outdoor) communications. 

 
Based on the above Globalstar proposal to use protection limits similar to IMT-2000 
terminals, the level of UWB interference into the Globalstar receiving terminals in the 
2483.5 – 2500 MHz band is negligible at a maximum average e.i.r.p. density of – 51.3 
dBm/MHz for UWB indoor communications and a maximum average e.i.r.p. density of – 
61.3 dBm/MHz for UWB hand-held (outdoor) communication devices. 
 

1.2.7  Intel Submission  
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-intel-comments-01.pdf/$FILE/smse00205-intel-comments-
01.pdf 
 
The Intel submission provides a study on the impact of a single UWB interferer using 
frequency agile mitigation on a Broadband Fixed Wireless Access (BFWA) P-MP system 
in 3.4 - 4.2 GHz, aggregate interference (wireless UWB PAN), analysis related to BFWA 
systems using realistic activity factors with and without generic resource sharing, and a 
study on UWB link budget analysis and application requirements quantifying the rate and 
range for UWB devices at e.i.r.p. density limits of - 41.3 dBm/MHz and -55 dBm/MHz. 
 
1.2.7.1   BFWA P-MP in 3 400 - 4 200 MHz  
 
Intel uses a single UWB device to analyze the risk of interference to BFWA P-MP 
systems in the 3400 - 4200 MHz band. Intel proposes the use of frequency agile 
mitigation by communication UWB devices in 3400 - 4200 MHz to alleviate the risk of 
interference when a near-by indoor BFWA system is detected; otherwise (in the absence 
of near by BFWA device) the UWB device is allowed to transmit at the emission limit of 
-41.3 dBm/MHz (FCC limit).  
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The Department’s Evaluation and Conclusion 
 

The Department notes that the IEEE developed the IEEE802.16-2004 Fixed WiMAX 
standard which is for the last-mile for Broadband Wireless Access (BWA) such as DSL 
or cable modem. The Department notes that Intel manufactures the chipsets used by other 
companies to build WiMAX products. The Department also notes that Intel assumed 0 
dBi for the BFWA receiver antenna gain, and a 0 dB implementation loss. 

 
The Department also notes that the 3.5 GHz band is a licensed band in many countries 
outside the U.S. Many countries have allocated the 3.5 GHz band and expect WiMAX 
technology to be used in this spectrum. Almost all vendors offer WiMAX products for 
this frequency band. However, the 3.5 GHz band is not usable commercially in the U.S., 
as its spectrum is used by government services. WiMAX is being deployed in the U.S. in 
the 2300 MHz band only. In Canada, the band 3 400 – 3 650 MHz is allocated for the 
Fixed Service and auctioned, where WiMax has been deployed in 3 provinces.  

 
The following table provides single-entry interference analysis for UWB e.i.r.p. of -41.3 
dBm/MHz density limit at I/N = -6dB and indoor deployment of both the UWB interferer 
and the WiMAX CPE, without any mitigation techniques. This interference scenario is 
for a user interfering with his/her own equipment, a scenario which could be avoided. 
The noise floor N used in this analysis is the thermal noise floor of the receiver, N = 10 * 
log (kTB) + NF, where T = system noise temperature in kelvins (K), B is the receiver 
bandwidth in hertz (Hz), k is Boltzmann’s constant of 1.38 x 10-23 W/Hz/K, and NF = 
noise figure in dB. Therefore, these calculations are conservative since the receiver does 
not detect signals below its sensitivity level. The Department also notes that the ambient 
noise floor is far above the thermal noise floor used in the calculation below. 
 

UWB Single Interferer  into an Indoor FWA Terminal Station (TS) at 3.5 GHz 

Parameter Intel 
Analysis 

Department’s 
Analysis  

Reference Bandwidth 1 MHz 1 MHz 
Separation distance 1m from indoor FWA TS 1m from indoor FWA TS 
Frequency band 3400 – 4200 GHz 3500 
Initial UWB Tx e.i.r.p. density -41.3 dBm/MHz -41.3 dBm/MHz 
Propagation model Free space Free space 
Rx antenna type Omni Directional 
Rx antenna gain 0 dBi 0 dBi 4 
Victim receiver implementation loss 0 dB 0 dB 
UWB activity factor 20% = -7 dB 1 100%= 0 dB 
Path loss @ 3.4 GHz -43 dB at 1m -45 dB at 1.25 m 
Average Rx power -91.3 dBm/MHz -86.3 dBm/MHz 
Rx Thermal noise -114 dBm/MHz -114 dBm/MHz 
Noise figure 7 dB 7 dB 
Receiver noise floor -107 dBm/MHz -107 dBm/MHz 
Protection criteria (I/N) -6 dB 2 -6 dB 
Interference criteria: Imax -113 dBm/MHz 3 -113 dBm/MHz 
Required UWB Tx power spectral density -63 dBm/MHz -68 dBm/MHz 

FCC e.i.r.p. density Limit (dBm/MHz) -41.3 -41.3 
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Service Sufficiently Protected at FCC limit(s)? NO without mitigation 
YES with mitigation 

See explanation below. 
 

1. A 20% activity factor is proposed by Intel in order to reflect an average activity factor for streaming media applications.  For 
example, this could reflect two 20 Mbps video streams operating over a 200 Mbps link using a standard compression technique, or a 
single 20 Mbps video stream operating over a 100 Mbps link.  Since streaming media applications can last several hours and are more 
detrimental to indoor fixed-services terminal; this factor is determined to be reasonable.  Applications that occupy the whole channel 
would only be ‘on’ for a very short amount of time (e.g. a file transfer may take much less than 1% of the time).   
 
2. For a P-MP system, which is the likely deployment scenario for indoor device operation, there exists substantial intra-system 
interference due to the reuse of the available spectrum either in adjacent cells or adjacent sectors.  As a result, some might argue that a 
much higher I/N ratio could be supported without causing harmful interference.  However, devices operating indoors may be close to 
noise sensitivity due to the blockage of the building (which would also block potential co-channel interferers).  Therefore, an I/N ratio 
may be an appropriate criterion for indoor fixed-services devices.  Due to the significant power variations resulting from multipath 
propagation to indoor devices (likely operating in NLOS environment), performance will be solely dominated by the thermal noise 
floor.  As a result, indoor devices operating in a point-to-multipoint system would not need the same level of protection as outdoor P-P 
solutions might need.  An I/N = -6 dB is a reasonable compromise, which results in only a 1 dB rise in the thermal noise floor.  At this 
level, an indoor fixed-service device must operate under limited intra-system interference and in a deep fade, bringing the device to 
within 1 dB of the thermal noise floor.  The probability of this occurring and of having a near-by UWB device transmitting at the same 
time, should be relatively low and therefore not cause ‘harmful interference’ to the fixed services terminal. 
 
3. Instead of a protection criterion of -6 dB, ITU-R WP9A requested a protection criterion of -13 dB resulting in an interference 
criterion of -121.5 dBm/MHz. 
 
4. The antenna is omni-directional with respect to the horizontal plane.  

 
The Department’s analysis is for a minimum separation distance of 1.25 m between the 
UWB interferer and a typical indoor BFWA terminal station using an omni-directional 
antenna with 0 dBi gain.  

 
The above table shows that the UWB e.i.r.p. density limit of level -41.3 dBm/MHz and 
I/N = -6dB will not protect a near-by indoor WiMAX terminal without any additional 
mitigation technique. This indoor deployment scenario requires an additional reduction 
from the FCC UWB e.i.r.p. by 26.7 dB. Thus an UWB e.i.r.p. level of -68 dBm/MHz is 
needed to protect the FWA CPE receiver from a single-entry UWB communications 
device. However, it should be noted that this interference scenario is for a user interfering 
with his/her own equipment, which he/she could remedy. Please refer to Section 1.2.1 for 
an additional evaluation on the impact of UWB devices on the FWA indoor/outdoor 
deployment and impact on FWA base-stations with various interference scenarios. 
 
1.2.7.2 BFWA CS (Central Station) at 3.5 GHz and Outdoor TS (Terminal 

Station) (P-P, P-MP) and 4 GHz, 7.7 GHz and 10.5 GHz High-
Capacity P-P Systems 

 
In its submission, Intel only provides results for the high-capacity P-P systems at 4 GHz, 
7.7 GHz and 10.5 GHz since there are fairly good consensus and analysis from both 
CEPT and the ITU-R that the worst-case is reached for 4 GHz P-P and hence it is the 
only case considered in deriving the suitable e.i.r.p. density limits for protection of FS 
from UWB devices. 
 
Intel considers two scenarios for the aggregate interference analysis.  Scenario-1 
investigates the interference to an outdoor FS at different separation distances to a hot-
spot for 4 GHz, 7.7 GHz and 10.5 GHz high capacity P-P systems.  Scenario-2 
investigates the interference to an outdoor FS surrounded by uniformly distributed UWB 
systems according to a certain density (e.g., suburban environment - 1000 devices/km2, 
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urban environment – 10000 devices/km2) for P-P systems in the 4 GHz band. For both 
interference scenarios a mitigation factor taking into account the percentage of LOS 
devices is included in the link budget and NLOS devices are assumed to give negligibly 
small contribution. 
 
Scenario-1, the hot-spot analysis, reproduces the results from ITU-R Report SM.2057 
(Attachment-2 to Annex-5).  It assumes that a P-P connection path passes by a medium-
large commercial centre building (10 office floors with 120 m × 60 m of floor space, 
typical for a building found in a suburban area) with the necessary clearance for LOS 
propagation. 33% of UWB devices will be within LOS.  The results provided by Intel 
show that the -41.3 dBm/MHz power spectral density limit with and without resource 
sharing meets the required protection levels for the 4, 7.7 and 10.5 GHz P-P systems14.  
The worst-case appears to occur for the case with no resource sharing and an activity 
factor 0.3%15 and a 10 dB wall attenuation.   
 

 
 
The Department’s analysis uses a 12 dB wall attenuation and an activity factor of 5% as 
per Recommendation ITU-R SM.1755.  This results in a 10 log (5/0.3) – 2 ≈ 10 dB 
increase in the maximum interference power, exceeding the maximum allowable 
interference power of -128 dBm/MHz.  This interference protection level of -128 
dBm/MHz corresponds to a protection criterion I/N = -20 dB and a noise figure of 6 dB.  
The Department’s analysis use a protection criterion of I/N = -6 dB which results in an 

                                                 
14  E.i.r.p (dBm/MHz) ≈ -128 – (Max. interference power in dBm/MHz) – 41.3, where the 

interference criterion of    -128 dBm/MHz is based on a thermal noise of -114 dBm/MHz, a 
noise figure of 6 dB and a protection criterion of -20 dB. 

15  The activity factor of 0.3% was determined through thorough analysis of WPAN activity. 
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interference criterion of -114 dBm/MHz.  As such, even with the conservative activity 
factor of 5%, no mitigation techniques or interference avoidance techniques would be 
required to meet the – 114 dBm/MHz interference threshold. 
 
Scenario-2 the uniform distribution analysis, considers two path-loss models in order to 
show the range of impact the path-loss models have on the results.  Model 1 assumes 
15% LOS devices within 2 km of the FS antenna and 1% LOS devices beyond.  Model 2 
assumes 100% NLOS.  LOS propagation follows the free space model and NLOS 
propagation follows the IEEE 802.16c model.  In a suburban environment (1000 
devices/km2) with UWB devices operating with a 1% activity factor16, the -41.3 
dBm/MHz power spectral density limit also, incidentally, meets an I/N = -20 dB for the 
20 m and 60 m antenna height for both path-loss models.  In a highly dense urban 
environment (10000 devices/km2) with UWB devices operating with a 1% activity 
factor4, the -41.3 dBm/MHz power spectral density limit meets the strict protection 
criterion of -20 dB for the 60 m antenna height, and is only ~1.5 dB from meeting this 
criterion for a 45 m antenna height.  The -41.3 dBm/MHz limit meets the protection 
criterion of I/N = -6 dB even for the allowance of the conservative 5% activity factor. 
 
In the following Table, the impact of UWB devices on the Fixed Service P-P systems in 
the 3.7 - 4.2 GHz band is analysed. Characteristics for the fixed P-P systems were used as 
per Recommendation ITU-R F.758-4 and data from the Industry Canada ALS database. 
The following analysis is for a single-entry outdoor UWB device interfering with three 
types of P-P FS systems. The UWB device will mainly be used by a walking person and 
thus located close to the ground level (1.5 meter) in the sidelobe of the fixed point-to-
point antenna. Consequently the FS antenna gain towards the interferer will be less than 0 
dBi. Fixed P-P systems have an average antenna height above ground level of 50 m and 
very directive antenna (narrow beamwidth between 0.2 and 3.5 degrees, typically 1.2 
degree). Thus the Department’s analysis uses an average antenna height of 50 m and an 
antenna beamwidth of 1.2 degrees. 

 
Parameters Department’s Analysis 

Frequency (MHz) 4 000 4 000 4 000 
FS Victim Bandwidth (MHz) 10 20 30 
Victim Receiver Noise Figure (NF) (dB) 4 4 4 
Victim Receiver Thermal Noise ( KTB + NF) 
(dBm) 

-99.98 -96.96 -95.20 

I/N (dB) -6 -6 -6 
I max (dBm) -105.98 -102.96 -101.20 
Assumed UWB e.i.r.p. density (dBm/MHz) -41.3 -41.3 -41.3 
Receiver Antenna Gain Towards Interferer (dBi) 0 0 0 
Receiver Cable Loss (1dB / 3m) 3 3 3 
Free-Space Path Loss (dB) 71.68 71.68 71.68 
Minimum Separation Distance (m) 22.89 22.89 22.89 
 
In the following interference scenario, the impact of an indoor UWB device on a typical 
P-P FS link of an average length of 35 km is studied. A worst-case scenario is proposed 
                                                 
16  The activity factor of 1% was determined through thorough analysis of WPAN activity. 
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by assuming an UWB device deliberately located in the main-beam of the P-P FS link. 
The parameters and results of the impact of an indoor UWB device are given in the 
following table.  

 
Parameters Department’s Analysis 

Frequency (MHz) 4 000 4 000 4 000 
FS Victim Bandwidth (MHz) 10 20 30 
Victim Receiver Noise Figure (NF) (dB) 4 4 4 
Victim Receiver Thermal Noise ( KTB + NF) 
(dBm) 

-99.98 -96.96 -95.20 

I/N (dB) -6 -6 -6 
I max (dBm) -105.98 -102.96 -101.20 
Assumed UWB e.i.r.p. density (dBm/MHz) -41.3 -41.3 -41.3 
Receiver Antenna Gain Towards Interferer (dBi) 40 40 40 
Wall Attenuation (dB) 12 12 12 
Receiver Cable Loss (1dB / 3m) 3 3 3 
Free-Space Path Loss (dB) 99.68 99.68 99.68 
Minimum Separation Distance (m) 575.04 575.04 575.04 
 
To protect the fixed point-to-point link from a single-UWB interfere in the main-beam, a 
minimum separation distance of 575.04 meters is needed. However, this interference 
scenario is unlikely. As per ITU-R TG 1/8 compatibility report, a typical P-P FS link has 
a length of about 50 km. For a 35 km point-to-point link, the first Fresnel zone clearance, 
for an obstacle at a distance of 575.04 meters from the first fixed station, is 6.51 meters. 
For a point-to-point system with a beamwidth of 1.2 degree and a distance of 575.04 
meters from the first fixed station, the 3 dB point is at 6.02 meters from the main-beam of 
the point-to-point link. Consequently, the UWB device is just outside of the main 
beamwidth and subject to sharp attenuation between 16 - 30 dB. Furthermore, a UWB 
device on the top floor of a building is typically more than 2 meters below the roof of the 
building (assumed at the edge of first Fresnel zone).  

 
Due to the Fresnel zone clearance of the point-to-point FS links, any interfering UWB 
device must fall outside of the first Fresnel zone clearance, resulting in antenna gain 
reduction towards the interferer that will sufficiently protect the point-to-point FS links.  

 
The impact of indoor and outdoor UWB devices on P-P FS links at 4 000 MHz is 
negligible at a UWB e.i.r.p. density of -41.3 dBm/MHz. Propagation attenuation 
increases with frequency. P-P FS systems operating at frequencies higher than 4 000 
MHz are also protected. 
 
Based on the above assessment, aggregate interference to the P-P FS systems is not an 
issue as a result of the very low e.i.r.p. density, the 5% UWB activity factor, and the 
small population of LOS UWB devices. 
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1.2.8  Meteorological Services of Canada Submission  
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-msc-comments-01.pdf/$FILE/smse00205-msc-comments-
01.pdf 
 
The submission of the Meteorological Service of Canada provides spectrum bands and 
systems used by Environment Canada, references studies submitted to ITU-R TG 1/8 and 
to the European Electronic Communications Committee (ECC) in Report-64, and draws 
conclusions based on these cited studies. The submissions of the WMO and the RABC 
also address the same issue. 
 
1.2.8.1  Interference into RADARSAT Networks 

 
The RADARSAT system uses the St. Hubert, Saskatoon, Cantley, and Prince Albert 
earth stations. It transports the results of 5 GHz radar measurements to earth stations at 
Cantley or Prince Albert at 8 GHz.  
 
The Canadian Ice Service (CIS) of Environment Canada (EC) is a prime user of 
RADARSAT data.  The Meteorological Service of Canada is especially concerned that 
spectrum usage changes in the 5250-5350 MHz band will create unacceptable 
interference with the collection of data by RADARSAT, which will negatively affect the 
ice reports and forecasts required for safety in Canadian waters. The 5 GHz EESS 
(active) radar band and highly reliable EESS (space-to-Earth) links in the 2200-2290 
MHz band and in the 8025-8400 MHz band are required to acquire these radar 
measurements. UWB transmissions near RADARSAT’s 2 GHz and 8 GHz earth stations 
would compromise the availability and quality of these radar measurements, with 
consequential safety and security implications unless proper measures are in place to 
safeguard RADARSAT signals.  

 
For evaluation of the UWB impact on Radarsat networks, please refer to the CSA 
submission in Section 1.2.3. 
 
1.2.8.2  Meteorological Radar in 2 700-2 850 MHz  
 
McGill University’s 2700 - 2850 MHz meteorological radar is an important research tool 
for the scientific community in Canada.  The EC submission states that the compatibility 
work by ITU-R TG 1/8 and ECC (Report 64) have concluded on the following necessary 
maximum power levels of –61.3 dBm/MHz for indoor communications and of –71 
dBm/MHz for outdoor communication. These levels are roughly 10 dB below the current 
US regulation. The Meteorological Service of Canada is of the opinion that these power 
levels should be applied to protect the meteorological radar in the 2 700 - 2 850 MHz 
band and that they would not constrain UWB applications. 
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Single-entry Interference 

Parameter ITU-R Analysis Department’s 
Analysis FCC on NEXRAD 

Frequency band 2700-2850 MHz 2700-2850 MHz 2700-2900 MHz 
Minimum separation distance up to 9 km Distance from maps 270 m 2 
Radar antenna height 7 to 30 m (Ave. 13 m) From ALS 28 m 3 
UWB device height 2m below radar height 1.7 m 2 m 3 
Indoor: outdoor UWB device 
density Outdoor Outdoor Outdoor 

UWB elevation offset angle 0.0 (not considered) Calculated per  site -5.5 degrees 
Radar elevation angle 0.5 degrees 0.5 degrees 0.5 degrees 3 
Ө = elevation angle – UWB 
offset not calculated Calculated per site 6 degrees 

Radar antenna gain @ Ө not calculated (39, 43 & 
45.7 dBi were used) 

 Calculated per site  13 dBi 4 

UWB Activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 
Centre frequency 2800 2775 2800 MHz 
Path loss1 Free-space Free space -90.02 dB 

Noise figure 2.1 dB 2.5 dB 2.5 dB 3 

Noise floor -114 dBm/600 kHz 
=-111.8 dBm/MHz 

-114.1 dBm/550 kHz 
=-111.5 dBm/MHz 

-114.1 dBm/550 kHz 
=-111.5 dBm/MHz 

Protection criteria (I/N) -10 dB -6 dB -6 dB 3 
Interference criteria: Imax -121.8 dBm/MHz -117.5 dBm/MHz -117.5 dBm/MHz 
Acceptable UWB Tx e.i.r.p. 
density (dBm/MHz) 

-51 dBm/MHz for all 
types of UWB devices 

Calculated per site -40.48 dBm/MHz  

FCC e.i.r.p. density Limit 
(dBm/MHz) 

- 51.3 Indoor 
- 61.3 Outdoor 

- 51.3 Indoor 
- 61.3 Outdoor 

- 51.3 Indoor 
- 61.3 Outdoor 

Service Sufficiently 
Protected at FCC limit(s)? 

YES YES See below YES 

1. Path loss here is calculated using the Free Space propagation Model; however the FCC uses the smooth earth option of the 
Irregular Terrain Model . 

2. See FCC ET Docket 98-153, pg. 49. 
3. See NTIA Special Publication 01-43, Table A-1 on pg. A-3. 
4. See NTIA Special Publication 01-43, Figure A-2 on pg. A-4. 

 
The aggregate interference analysis was also compared. 
 

Aggregate Interference Analysis 

Parameter ITU-R Analysis 
Study A 

ITU-R Analysis 
Study B 

Frequency band 2700-2900 MHz 2700-2900 MHz 
UWB devices density 1 to 50 000 devices/km2 1 to 500 active devices/km2 
Minimum separation distance up to 3 km up to 9 km 
Radar antenna height 30 m 13 m 
UWB device height 0 – 30 m 2 m below radar height 
Indoor: outdoor UWB device density different ratios different ratios 
Wall attenuation -10 dB -10 dB 
UWB Offset elevation angle 0.0 (not considered) 0.0 (not considered) 
Radar elevation angle ( alpha) 0.5 degrees 0.5 degrees 

Ө = elevation angle – UWB offset calculated for  alpha = 0.5 to 
4.5 degrees not calculated 

Radar antenna gain @ Ө calculated  39, 43 & 45.7 dBi 1 
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(maximum antenna gain) 
UWB activity factor 5% = -13 dB 5% = -13 dB 
Centre frequency 2800 2800 
Path loss Free-space Free-space 
Noise figure 2.1 dB 2.1 dB 

Noise floor -114 dBm/600 kHz 
=-111.8 dBm/MHz 

-114 dBm/600 kHz 
=-111.8 dBm/MHz 

Protection criteria (I/N) -10 dB -10 dB 
Interference criteria: Imax -121.8 dBm/MHz -121.8 dBm/MHz 
On tune rejection (due to Rx BW) 2 dB 0 dB 
Acceptable UWB Tx e.i.r.p. density 
(dBm/MHz) 

varies per UWB device 
density  

-71 dBm/MHz  

FCC e.i.r.p. density Limit  - 51.3 dBm/MHz Indoor 
- 61.3 dBm/MHz Outdoor 

- 51.3 dBm/MHz Indoor 
- 61.3 dBm/MHz Outdoor 

Service Sufficiently Protected at FCC 
limit(s)? 

YES at 1000 active UWB 
devices/km2 NO 

1. Antenna pattern from Recommendation ITU-R F.1245. 
 
The ITU-R report SM.2057 includes two studies (Study-A and Study-B) relevant to this 
frequency band.  

 
Study-A shows the potential interference from imaging devices is small for a typical 
deployment of 2.8 GHz meteorological radars in the United States. The deterministic 
calculations show that certain geometries could cause interference. However, the other 
mitigating factors such as UWB device height variability, UWB device location within a 
building, UWB device activity, UWB device main beam direction, radar antenna rotation, 
and radar antenna elevation help to mitigate the potential for interference. Study-A also 
shows that the indoor and indoor/outdoor handheld devices do not result in an aggregate 
interference level sufficient to exceed the radar protection criteria until the active UWB 
device density exceeds 1 000 per square kilometre with each device operating at an EIRP 
of –61.3 dBm/MHz. The US Administration believes that this is a very high-density value 
when the typical meteorological radar location is considered and therefore, UWB 
imaging and handheld devices that abide by the requirements (both technical and 
operational) of the FCC rules will thus not pose an interference problem to 
meteorological radars in the 2.7-2.9 GHz band operating within the United States of 
America. 

 
Study B analyzes single entry and aggregate interference levels for meteorological radars 
in the 2.8 GHz bands.  
 
Statistical simulations of Study-B address compatibility with UWB communication 
devices for various UWB device densities, and with meteorological radar parameters 
assumed to be typical, i.e.; 43 dBi antenna gain and 13 m antenna height. Figure 17 from 
Study-B gives the result of the 12 simulations performed for 50 active UWB devices per 
km2, consistent with the suburban case. 
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FIGURE 17 OF STUDY B 

2.8 GHz band simulations results (50 UWB / km²)
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Figure 18 below gives a summary of all simulations by plotting for each UWB density 
case, the maximum interference level among the 12 simulations, the minimum 
interference level and the average value of the 12 simulations. 

FIGURE 18 OF STUDY B 

2.8 GHz band simulations results
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Figure 18 from Study-B shows that for deployment of UWB operating at –61.3 
dBm/MHz, the meteorological radar protection criterion is exceeded as far as the UWB 
density is about 20 devices/km2 (maximum case), representing a suburban deployment in 
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which a number of meteorological radars are deployed. However, the average case curve 
accommodates UWB device density of 50 devices/km2. 
 
Study-B concludes that the adequate UWB power density limit to protect meteorological 
radars in the 2.7-2.9 GHz band is -71 dBm/MHz, which corresponds to a 10 dB reduction 
from the FCC limits. 
 
The Department’s Evaluation and Conclusion 
 
The Department notes that the interference threshold is almost met in Figure 17 for 50 
active UWB devices/km2. In addition the average curve in Figure 18 accommodating a 
UWB device density of 50 active devices/km2 meets the interference threshold. The 
actual UWB devices density is 1000 devices/km2 for an activity factor of 5% (as 
recommended by the ITU-R TG 1/8) resulting in 50 active UWB devices per km2. It is 
proven that this density (50 active devices/km2) is adequate for the given Canadian 
environment. 

 
In addition, the on-tune rejection (OTR) of the radar needs to be considered. The EIRP of 
the UWB signal is provided for a 1 MHz reference bandwidth. The radar IF bandwidth is 
600 kHz. 

  
OTR 10 log

BWRX
REFBWUWB

⎛
⎜
⎝

⎞
⎟
⎠

:=
 

 
Where BWRX = radar receiver IF bandwidth and REFBWUWB = reference bandwidth 
applied to the UWB EIRP. This results in OTR = – 2.2 dB i.e.; 2.2 dB reduction in UWB 
interference. 

 
Considering realistic assumptions for antenna patterns, average antenna height and OTR 
will accommodate more UWB devices. 
 
Using technical data from the ALS database, the potential interference to McGill 
University’s 2700 - 2850 MHz meteorological radar at Sainte Anne De Bellevue, QB 
(45°25'26.90"N, 73°56'15.22"W) is evaluated. 
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Single outdoor UWB interferer active at 100% of time 

Parameter Department’s Analysis 

Frequency band 2700-2850 MHz 
Single interferer distance 38.72 m 1 
Radar antenna height 31 m 
UWB device height 1.7 m 
UWB Offset elevation angle -37.1 degrees 
Radar elevation angle 0.5 degrees 
Ө = elevation angle – offset 37.6 degrees 
Radar antenna gain @ Ө -6.67 dBi 2 
UWB activity factor 100% = 0 dB 
Centre frequency 2880 MHz 
Free-space Path loss -73.39 dB 3 
Noise figure 2.5 dB 4 
Noise floor -111.5 dBm/MHz 
Protection criteria (I/N) -6 dB 4 
Interference criteria: Imax -117.5 dBm/MHz 
Acceptable UWB Tx e.i.r.p. density (dBm/MHz) -37.44 dBm/MHz 

FCC e.i.r.p. density Limit (dBm/MHz) - 51.3 dBm/MHz  Indoor 
- 61.3 dBm/MHz  Outdoor 

Service Sufficiently Protected at FCC limit(s)? YES by 13.86 dB for indoor 
YES by 23.86 for outdoor 
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1. Distance adjusted based on maps of McGill’s radar, with marking of distance to nearest common public road. 
2. Antenna pattern from recommendation ITU-R F.699. 
3. Path loss here is calculated using the Free Space Model. 
4. See NTIA Special Publication 01-43, Table A-1 on page A-3. 

 
The -10 dB emission bandwidth of the UWB communication device must be within the 
range 3 100 -10 600 MHz.  It is unlikely that a physical emitter would exactly follow the 
“staircase” function of the FCC masks. Thus the transmit spectral density is estimated 
based on linear interpolation between the “internal knees” of the FCC masks. This 
interpolation provides the following average e.i.r.p. density. 
 

Interpolated Average EIRP Density  

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
 2 775 MHz - 64.35dBm/MHz - 56.54 dBm/MHz 
 

This adds additional protection to the 2700 – 2900 MHz weather radars from indoor 
UWB communication devices by 5.24 dB and from outdoor communication devices by 
3.05 dB. 
  
Based on the above assessment, FCC UWB e.i.r.p. density level over-protects the 2700 – 
2900 MHz weather radars of Environment Canada from potential UWB interference.   
 
1.2.8.3 Doppler Radar Networks in 5 600 – 5 650 MHz  

 
This submission of the Meteorological Service of Canada pertains to Doppler Radar 
Network operating in the 5 600 – 5 650 MHz band. These radars detect developments, 
intensity, and location of precipitation, and measure dynamics and monitor storms. This 
submission cites work done in Report 64 of the European ECC which concludes the 
inability for weather radars and UWB devices to operate in this band without the 
application of mitigation measures. The EC submission states that the level of –41 
dBm/MHz is not sufficient and that a more stringent limitation is necessary. 

 
The Meteorological Service of Canada requests the Department not to authorize UWB in 
the 5 – 6 GHz band. Furthermore, as spectrum usage by licensed services below 6 GHz is 
already congested, the Meteorological Service of Canada recommends to the Department 
to restrict mass-distributed UWB devices to 6-10.6 GHz. The submissions of WMO and 
RABC also address the same issue. 
 
The cited ITU-R and ECC studies assume that the UWB transmitters are active at 100% 
of time, and worst case interference scenario. The Department notes that these weather 
radars collect information from cloud covers, use very narrow beam antennas (0.92 – 
1.25 degrees), and transmit at high power levels (≥ 250 kW). These radars are mostly 
located in rural areas far from population (See locations table below), and also located at 
elevated sites with an average antenna height above ground of 20 m to allow a line-of-
sight with cloud covers.  
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Using data from the ALS database (station coordinates, antenna height above ground, and 
antenna gain) and satellite pictures of radar stations (minimum interfering distance), a 
deterministic single-interferer analysis on the TDWR (Terminal Doppler Weather Radar) 
sites was performed for I/N = - 6 dB as summarized below (See also Annex-1 for details). 

 
Location of Doppler Radars in the 5 600 – 5 650 MHz band, antenna heights, 

antenna gains, and required UWB e.i.r.p. density 
 

Doppler Radar Location Latitude 
(degrees) 

Longitude
(degrees) 

Rx Ant. 
Height (m)

Rx Ant. 
Gain (dBi) 

Required UWB 
E.I.R.P maximum 
to protect radar 

(dBm/MHz) 
FOUR MILE POND, NF 47.3556 -53.1283 17 44 -41.21 
MONTREAL RIVER, QC 47.2478 -84.5956 21 43 -39.55 
FRANKTOWN, ON 45.0408 -76.1161 19 43 -36.92 
ELBOW, SK 51.1256 -106.5833 15 43 -39.72 
LAC CASTOR, QC 45.5767 -70.6667 19 43 -36.83 
LASSETER LAKE, ON 48.8556 -89.1153 20 43 -39.77 
TIMMINS, ON 49.2814 -81.7939 20 47 -36.30 
CARVEL, AB 53.55 -114.15 13 42 -40.79 
VIVIAN, MB 49.8856 -96.4744 14 42 -41.12 
KING TOWNSHIP, ON 43.8639 -79.5742 27 47.5 -35.38 
ALDERGROVE, BC  49.0164 -122.4872 27 42 -33.75 
PORT HARDY, BC 50.6894 -127.839 35 43 -34.54 
DUNCAN, BC  48.8608 -123.7564 35 46 -33.78 
FOXWARREN, MB 50.5492 -101.0858 40 46 -30.05 
WOODLANDS, MB 50.1528 -97.7808 40 46 -29.79 
BETHUNE, SK 50.5708 -105.183 30 46 -32.71 
RADISSON, SK 52.5206 -107.444 30 43 -32.40 
LANDRIENNE, QC 48.5514 -77.8081 30 43 -35.37 
DRYDEN, ON 49.8603 -92.7997 20 43 -38.26 
CANADA WIDE, ON 43.0022 -78.9947 20 43 -37.17 
MT. BALDY HUGHES, BC 53.6153 -122.953 35 43 -33.14 
BRONSON SETTLEMENT, NB 46.2222 -65.6986 20 46 -37.22 
MARION BRIDGE, NS 45.9494 -60.2058 20 43 -37.71 
MARBLE MTN, NF 48.9303 -57.8342 20 43 -38.29 
SILVER STAR MNT, BC 50.3694 -119.0644 34 46 -31.25 
SCHULER, AB 50.3125 -110.196 20 46 -37.40 
VAL D'IRENE, QC 48.4803 -67.6011 30 46 -31.50 
GORE, NS 45.0986 -63.7044 10 43 -35.14 
STRATHMORE, AB 51.2064 -113.399 20 46 -37.15 
WHITE MNT, AB 55.6953 -119.234 32 42 -34.88 
UPSALA, ON 49.0367 -90.4908 26 43 -34.55 
BRITT, ON 45.7931 -80.5339 24 43 -35.01 
ARGENTIA, NF 47.2833 -54 9 44 No longer in use 
EXETER, ON 43.3703 -81.3806 0 0 ---* 
VILLEROY, QC 46.45 -71.9153 0 41.9 ---* 
COLD LAKE, AB 54.9078 -109.955 0 0 ---* 
WEIR, QC 45.9444 -74.5333 13 52.7 -43.03 
* The data in the ALS database did not include relevant antenna information needed for analysis. 
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It should also be noted that not all the transmitted UWB energy in 1 MHz falls into the 
Doppler radar receiver since its bandwidth is only 600 kHz. The on-tune rejection (OTR) 
of the radar also needs to be considered. The EIRP of the UWB signal is provided for a 1 
MHz reference bandwidth.  

  
OTR 10 log

BWRX
REFBWUWB

⎛
⎜
⎝

⎞
⎟
⎠

:=
 

 
Where BWRX = radar receiver IF bandwidth (600 kHz) and REFBWUWB = reference 
bandwidth applied to the UWB EIRP (1 MHz). This results in OTR = – 2.2 dB i.e., 2.2 
dB reduction in UWB interference. 

 
From the above table and considering OTR, the 5600 – 5650 MHz weather radars of 
Environment Canada are sufficiently protected from the worst-case single interferer by 
0.47 dB (Wier, QC -43.03 – (-41.3 – 2.2 OTR) to 13.71 dB on the safe side (or 
equivalently I/N = -6.47 dB to -19.71 dB). 

 
The Environment Canada and WMO submissions cite the ITU-R TG 1/8 work on UWB 
released in attachment-1 to document 1/90. The studies consider both a statistical and 
deterministic approach.   
 
Deterministic Approch 
 
The deterministic approach from ITU-R using a protection criteria I/N = -10 dB (10%) 
concludes that a single device should be no more than -51.3 dBm/MHz, or 10 dB below 
the FCC limit. 

 
Single outdoor UWB device EC/ITU-R FCC on TDWR 

Frequency band 5600-5650 MHz 5600-5650 MHz 
Single interferer distance 7 to 9000 m 1370 m 3 
Radar antenna height 9, 16, 30 m 27 m 4 

UWB device height 0 m 2 m 4 

UWB Offset elevation angle --- -1.045 degrees 
Radar elevation angle 0.5 degrees 0.2 degrees 4 
Ө = elevation angle – UWB offset --- 1.245 degrees 

Radar antenna gain @ Ө   43 and 46.7 dBi 1 
(maximum antenna gain) ~ 30 dBi 5 

UWB activity factor 100 % = 0 dB 100% = 0 dB 
Centre frequency 5600 MHz 5625 MHz 
Path loss   --- 2 -110.185 dB 6 
Noise figure 2.0 dB 2.3 dB 4 

Noise floor -114 dBm/600 kHz 
=-111.8 dBm/MHz 

-112.5 dBm/910 kHz 
=-111.7 dBm/MHz 

Protection criteria (I/N) -10 dB -6 dB 4 
Interference criteria: Imax -121.8 dBm/MHz -117.7 dBm/MHz 
Acceptable UWB Tx e.i.r.p. density -51.3 dBm/MHz -37.52 dBm/MHz 

FCC e.i.r.p. density limit  -41.3 dBm/MHz -41.3 dBm/MHz 

Service Sufficiently Protected at FCC limit(s)? NO YES by 3.78 dB 
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1. Antenna pattern from Recommendation ITU-R F.699. 
2. Path loss is calculated using the Free Space propagation Model. 
3. See FCC ET Docket 98-153, p. 51. 
4. See NTIA Special Publication 01-43, Table A-13 on p. A-25. 
5. See NTIA Special Publication 01-43, Figure A-14 on p. A-26. 
6. The FCC uses the smooth earth option of the Irregular Terrain propagation Model. 

 
Statistical Approach 
 
The statistical approach from ITU-R (Report SM.2057, Attachment 1, Section 
1.7.2.2.4.2) using a protection criterion of 10% (I/N = -10 dB) with a 16 m antenna height 
and 43 dBi antenna gain concludes that the UWB device emission limit should be about 
15 dB below the FCC limit of -41.3 dBm/MHz for 100 UWB active devices/km2 and 12 
simulations (see Figure 24).   
 

Figure 24 

5.6 GHz band simulations results
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The device density of 100 active devices/km2, however, is not realistic for the listed 
Canadian site locations which are mostly rural. The same ITU-R study shows that for an 
active device density of 10 devices/km2 (which is more representative of the Canadian 
rural deployment environment as outline in the station locations in the above table), the 
maximum interference curve taken from 12 simulations still exceeds the acceptable 
interference criterion of -124 dBm/MHz (see Figure 25).  However, for a protection 
criterion of I/N = -6 dB, the interference threshold becomes -120 dBm/MHz. 
Accordingly, the average curve of the 12 simulations falls below the threshold of -120 
dBm/MHz for an e.i.r.p. density of -41.3 dBm/MHz. 
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Figure 25 

5.6 GHz band simulations results (10 UWB / km²)
Antenna height comparison
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Therefore, an UWB e.i.r.p. density level of – 41.3 dBm/MHz sufficiently protects the 
5600 – 5650 MHz weather radars of Environment Canada considering UWB device 
density of 10 active devices/km2, I/N = -6 dB, and height of receive antenna above 
ground as per the ALS database. 
 
1.2.8.5  Research Radars 9 300 - 9 500 MHz  

 
Environment Canada currently operates two X-band (9300 - 9500 MHz) research radars 
with the goal of improving the Department’s understanding of the small scale physical 
processes leading to the development of significant weather events and for the validation 
of spaceborne precipitation measuring systems. The submissions of WMO and RABC 
also address the same issue. 
 
The EC submission states that the compatibility studies by ITU-R TG 1/8 and ECC 
(Report 64) have concluded on the following necessary maximum power level to protect 
meteorological X-band radars for Telecommunication (indoor) =  –60 dBm/MHz. This 
level is 19 dB below the current US regulation. The Meteorological Service of Canada is 
of the opinion that this power level should be applied to protect the X-band 
meteorological research radars in the 9 300 – 9 500 MHz band. 
 
The following text and two figures are copied from the ITU-R report referenced in the 
submission of EC for statistical analysis.  

 “The following Fig. 28 gives the result of the 12 simulations performed for 50 
active UWB devices per km2, consistent with suburban case. 
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FIGURE 28 

9.4 GHz band simulations results (50 UWB / km²)
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Figure 29 below gives a summary of all simulations by plotting for each UWB density 
case, the maximum interference level among the 12 simulations, the minimum 
interference level and the average value of the 12 simulations. 

FIGURE 29 

9.4 GHz band simulations results
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This Fig. 29 clearly shows that for deployment of UWB operating at –41.3 dBm/MHz, the 
meteorological radar protection criterion is exceeded in almost all cases, whatever the 
UWB density is.” 
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The Department notes that the above cited results by Environment Canada are for the 
worst-case scenario (antenna heights), wall attenuation of 10 dB, and I/N = - 10 dB.The 
interference criterion is exceeded by about 5 dB in Figure 28 and by about 8 dB for the 
average case in Figure 29 at 50 active UWB devices/km2. For a wall attenuation of 12 dB 
and I/N = -6 dB, the UWB interference threshold becomes -117 dBm. Accordingly, the 
average UWB interference level for the 12 simulations in both figures falls below the 
threshold of -117 dBm for 50 active UWB devices/km2. In addition, it should be noted 
that these results are for an activity factor of 5%, as recommended by the ITU-R, 
resulting in a device density of 1000 devices/km2 which is a realistic assumption for the 
given environment.  
 
Another deterministic study submitted to the ITU-R in the same report referenced by EC 
has concluded that the interference protection level is exceeded by up to 13 dB. However, 
the conditions and parameters used to derive this result are not given, and furthermore the 
figures that show these claimed results are unclear. 

 
In addition, the on-tune rejection (OTR) of the radar needs to be considered. The EIRP of 
the UWB signal is provided for a 1 MHz reference bandwidth. The radar IF bandwidth is 
600 kHz, thus 

  
OTR 10 log

BWRX
REFBWUWB

⎛
⎜
⎝

⎞
⎟
⎠

:=
 

 
Where BWRX = radar receiver IF bandwidth and REFBWUWB = reference bandwidth 
applied to the UWB EIRP. This results in OTR = – 2.2 dB i.e.; 2.2 reduction in UWB 
interference. 
 
Based on the above, the meteorological research radars in the 9 300 – 9 500 MHz band 
are protected at UWB e.i.r.p. density of -41.3 dBm/MHz. 
 
1.2.8.6  EESS passive band 23.6 - 24 GHz  
 
The 23.6 – 24 GHz band is home to satellite-based passive sensors EESS that scan the 
earth for ground level water vapour.  This band is the only such band where this 
measurement can be made.  It is one of many bands referred to by Environment Canada 
and the WMO in their reply submissions to the UWB consultation process. The 
submissions of WMO and RABC also address the same issue. 
 
The scientific community relies on the ability to use spaceborne passive remote sensors to 
make various measurements and predictions of the earth’s atmosphere. 
Recommendations ITU-R SA.1028-2 and SA.1029-2 are the most important 
recommendations for passive sensors as they provide the required protection level for 
passive sensors to operate adequately.  For the 23.6 GHz – 24 GHz band, it is 
recommended that the measurement sensitivity suitable for passive remote sensor be set 
to 0.05 Kelvin (ΔT). It further recommends that the interference level for spaceborne 
passive sensors in that band should be set to 20% of this value, or 0.01 Kelvin. Therefore, 
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using the formula provided in Recommendation ITU-R SA.1029-2, it can be established 
that the maximum permissible interference level is -166 dBW / 200 MHz.  
 
In response to the consultation process, a study submitted by SARA on behalf of the 
UWB vehicular radar and automotive industry supports the -41.3 dBm/MHz power limit 
for short-range radar (SRR) operating in the 22 – 29 GHz band.  The specific study of 
interest is from IEEE Transactions on Geoscience and Remote Sensing Vol. 42, No. 7, 
July 2004 entitled “Interference from 24 GHz Automotive Radars to Passive Microwave 
Earth Remote Sensing Satellites.”  The ITU-R TG 1/8 has developed a new Report to 
ITU-R (SM.2057) containing, among other things, detailed interference analysis between 
UWB SRR and passive sensor systems, which is in attachment 6 of the report “Studies 
Related to the Impact of Devices using UWB Technology on Systems Operating within 
the Earth Exploration Satellite, Space Research Service”. 
 
A few issues are explored by both papers, with the coupling factor, C, being the most 
well articulated analytical discussion.  The coupling factor C is simply the ratio of the 
effective radiated power density in the direction of the satellite to the effective radiated 
power density of the unit.  After scattering, bumper loss, and other effects, including the 
prescribed attenuation above a beam angle of 30 degrees from the SRR, values of C of 
approximately -27 dB are suggested. 
 
The EC submission states that the ITU-R TG 1/8 Compatibility Report concludes that, 
given the -41.3 dBm/MHz emission limits on UWB SRR, the maximum allowable car 
density be no more than roughly 0.25 cars per km2.   This contrasts greatly with the 
suggestion of the final figure, Figure 13, in the IEEE paper in which the middle line 
corresponding to a coupling factor C = -26 dB crosses the FCC limit when the number of 
“transmitters” per km2 is about 1000.  The difference between 0.25 cars per km2 and 1000 
transmitters per km2 is great.  The table below shows the assumptions that precipitate this 
difference. The table also shows the assumptions used by Industry Canada for the 
evaluation of both studies. 
 

Analysis of SRR interference into EESS passive sensors 
 
 ITU-R Studies (Cited 

by EC and WMO) 
IEEE Paper by UWB 

and automotive 
industries 

Department’s 
Analysis 

Transmitter EIRP Density -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Total Coupling Factor C -27.4 dB -26 dB -26.7 dB 
Bumper attenuation 3 dB 3 dB 3 dB 
Atmospheric Loss -1.6 and -1.7 dB -2.2 dB (a tau of 0.5) - 1.6 and -1.7 dB 
Delta Temperature observed 0.05 Kelvin 0.5 Kelvin 0.05 Kelvin 
Delta temperature limit not to 
be exceeded by manmade 
transmitters to protect 
observable delta temperature 
(20% of observable) 

0.01 Kelvin 
Imax = -166 dBm/200 
MHz 

0.1 Kelvin 0.01 Kelvin 
This results in Imax = 
-166 dBm/200 MHz 

Apportionment allotted to 
UWB SRR of total interference 

1% (-20 dB) 100% (0 dB) 5% (-13 dB) & 
10% (-10 dB) 

UWB Activity Factor 100% 100% 50% (-3 dB) 
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% of cars on road with SRR 
Devices emitting in 23.6 - 24 
GHz 

100% 100% 10% (-10 dB) 

Expected Maximum Car 
Density per km2 in Urban 
Scenario at rush hour (car/km2) 

123 Highway 
330 Urban/Sub-urban 
453 Urban 

 123, 250 (Toronto), 
330, 453 car/km2 

Proposed UWB SRR EIRP 
Density 

-75 dBm/ MHz -41.3 dBm/MHz -41.3 dBm/MHz 

FCC e.i.r.p. density Limit 
(dBm/MHz) 

-41.3 -41.3 -41.3 

Service Sufficiently Protected 
at FCC limit(s)? 

NO YES YES 

 
Clearly the difference between the EC cited studies and UWB/automotive industry papers 
is almost entirely attributed to the way the arguments are presented. The 1% interference 
apportionment causes a difference of a factor of 100, and the delta temperature (ΔT) in 
degrees Kelvin causes a difference of a factor of 10.  The number of radars per car causes 
a difference of a factor of 4.  The apportionment of interference is contained in an ITU-R 
Report and all the studies dealing with passive sensors use a maximum apportionment of 
5%.The IEEE paper considers the fact that the latest technology in passive sensors only 
observes a temperature difference as small as 0.6K, which is the case for the AMSR-E 
system. 
 
The EESS passive sensors on these polar orbiting satellites measure ground level water 
vapour. Coupled with two other bands, the 23.6-24 GHz band allows for better distinction 
in observation of ground level water vapour versus upper atmosphere water vapour that is 
far more prevalent in higher frequency bands.  The polar orbiting satellites typically pass 
over the same area only twice a day. Therefore, the measurements they give determine 
long term weather models as opposed to very short term events such as the highly 
sporadic and localized tornados and thunderstorms that are caught by ground radar.   
 
The Department notes that vehicular radar devices operate mostly outdoors, in a mobile 
environment, and that emissions from these devices are directional and pointing in 
different directions. In addition, only a specific percentage of new cars sold in Canada are 
expected to be equipped with UWB vehicular radar. The Department also notes that car 
density in Canada is much less than those in Europe and in the U.S. In addition, only a 
specific percentage of the footprint of an EESS satellite is covered with roads. 
 
The Department has conducted an analysis using the ITU software but considering 
different parameters and assumptions as given below: 
 

Department’s analysis between SRR and conically scanned at 24 GHz band (see document ITU-R 1-8/190) 
Parameter Unit  MEGHA-

TROPIC 
EOS 

AMSR-E 
CMIS 

Maximum EIRP (power spectral density) dBm/MHz -41.3 -41.3 -41.3 
Bumper attenuation dB 3 3 3 
Gating effect dB 0 0 0 
Radar antenna gain to be subtracted (2014 mask at 30o) dBi 35 35 35 
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Direct power component dBW/MHz -109.3 -109.3 -109.3 
Adjustment factor due to car orientation (25%)   -115.3 -115.3 -115.3 
Total scattered power component (asphalt scattering 
dominant) for C= -26.7 dB 

dBW/MHz  
- 101 

 
- 101 

 
- 101 

Total power dBW/MHz -100.84 -100.84 -100.84 
          
Distance radar – EESS sensor Km 1336 1229 1336 
Free space attenuation at 23.8 GHz dB 186.3 185.6 186.3 
EESS antenna gain + dBi 40 46 52 
Atmospheric loss (ITU-R P.676) dB 1.6 1.7 1.7 
Received power at the EESS in a 1 MHz bandwidth dBW -248.9 -242.3 -237 
Corresponding received power at the EESS in a 
bandwidth of 200 MHz for one single radar 

dBW -225.9 -219.3 -214 

EESS interference threshold in a reference bandwidth 
of 200 MHz: application of revised ITU-R SA 1029-1 

dBW -166 -166 -166 

EESS interference threshold in a reference bandwidth 
of 200 MHz: application of revised ITU-R SA 1029-1 
with 5% interference apportionment 

dBW -179 -179 -179 

EESS interference threshold in a reference bandwidth 
of 200 MHz: application of revised ITU-R SA 1029-1 
with 10% interference apportionment 

dBW -176 -176 -176 

Number of radars in order to reach the EESS threshold 
for 10% apportionment 

   
97,724 

 
21,380 

 
6,310 

  dB 49.9  43.3 38.0 

Number of active radars per car   4 4 4 
Number of cars equip with 4 active radars Cars 24,431 5,345 1,577 
% of cars expected to be equipped with SRR devices  % 10  10  10  
Pixel surface km² 1926 425 264 
% of pixel surface cover by road % 15  15  15 

 
Maximum car density per km2 corresponding to the 
above number of cars in the EESS pixel area covered 
with roads 

Car/km²  
84.57 

 
83.84 

 
38.83 

ITU-R study highway scenario 
Expected car density per km² (Highway scenario) Car/km² 123 123 123 
% of cars on the road equipped with SRR based on the 
expected car density 

% 68.76 68.16 31.57 

Car aggregation effect per area covered with roads in 
pixel and % of cars equipped with SRR 

dB 41.53 34.96 32.9 

Margin in highway scenario (5%) with 3dB for SRR 
operation mode 

dB 8.37  8.4  6.43 

Margin in highway scenario (10%) with 3dB for SRR 
operation mode 

dB 11.37  11.4  9.43  

Service protected at -41.3 dBm/MHz  YES YES YES 
ITU-R study urban/suburban scenario 

( )2π
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Expected car density per km² (Urban/suburban 
scenario) 

Car/km² 330 330 330 

% of cars on the road equipped with SRR based on the 
expected car density 

% 20.844 20.56 9.57 

Car aggregation effect per pixel dB 45.81 39.25 37.18 
Margin in urban/suburban scenario (5%) with 3dB for 
SRR operation mode 

dB 4.09  4.05  0.72  

Margin in urban/suburban scenario (10%) with 3dB for 
SRR operation mode 

dB 7.09  7.05  3.18  

Service protected at -41.3 dBm/MHz  YES YES YES 
ITU-R study urban scenario 

Expected car density per km² (Urban scenario) car/km² 453 453 453 
% of cars on the road equipped with SRR based on the 
expected car density 

% 15.18 15.05 6.97 

Car aggregation effect per pixel dB 47.18 40.62 38.56 
Margin in urban scenario (5%) with 3dB for SRR 
operation mode 

dB 2.72  2.68  -0.56  

Margin in urban scenario (10%)with 3dB for SRR 
operation mode 

dB 5.72  5.68  2.44  

Service protected at -41.3 dBm/MHz  YES YES ALMOST 
Department’s Evaluation urban scenario 

Expected car density per km² (Urban scenario)* car/km² 250 250 250 
% of cars on the road equipped with SRR based on the 
expected car density 

% 27.5 27.26 12.63 

Car aggregation effect per pixel dB 44.60 38.05 35.98 

     

Margin in urban scenario (5%) with 3dB for SRR 
operation mode 

dB 
5.3 5.25 2.02 

Margin in urban scenario (10%) with 3dB SRR for 
operation mode 

dB 8.3 8.25 5.02 

Service protected at -41.3 dBm/MHz  YES YES YES 
 
+ Calculations are based on maximum receive antenna gain over the whole pixel surface which is on the safe side. 
* Data obtained from ITU-R 1-8/418E - Traffic density study for use in compatibility studies between SRR devices 
around 24 ghz and earth exploration satellites (EESS). For Toronto the maximum figure is 230 cars / km2. 

 
UWB Vehicular radar device operation modes lead to an average emission power 
reduction by 3 dB which needs to be considered in interference analysis. These operation 
modes are given below as quoted from TG 1/8 Report ITU-R SM.2057 on UWB 
compatibility studies: 

 
• “SRR switched off: Depending upon the control device in a vehicle, SRR devices 

may be turned off automatically when the vehicle is stopped for a duration longer 
than some preset interval. For example at a stoplight or a railroad crossing; in 
some vehicles both the engine and the SRR devices may be turned off while in 
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other vehicles the engine may remain on but some or all SRR devices may be 
turned off 17.  

• Reduced Pulse Repetition Frequency (PRF): The parking aid and stop-and-go 
application can run at a reduced PRF rate because of low vehicle motion and 
traffic scenario. This resulting PRF reduction linearly reduces the average 
emission power of the SRR device ensemble. The nominal PRF in this context is 
then the frequency where the SRR device achieves the maximum allowed mean 
power. Depending on the traffic scenario dynamics some applications will run on 
a lower PRF or with longer quiescent periods. Both effects reduce the maximum 
allowed mean power. This mean power reduction can be expressed by an activity 
factor. 

• Non-UWB Mode: Beside the UWB mode the sensors are being designed to 
operate in certain driving situations in a non-UWB mode within the ISM band 
24.00 to 24.25 GHz. The non-UWB mode can be either a narrow band mode in 
this frequency range or a Doppler mode (CW mode). The reason for a non-UWB 
mode of SRRs is that some vehicular applications or driving situations need either 
less object separation capability (which results in a much smaller occupied 
bandwidth) or a longer detection range (which requires higher emission power as 
permitted solely in this band). Due to hardware limitations SRR devices may 
switch either in a wideband mode or in a narrowband mode. So if a SRR device 
operates for a given time instance in a non-UWB mode, UWB emissions are 
completely switched off. 

• Partial frequency range and multiband UWB operation: A further reduction of 
the aggregated mean power within the SRR ensemble is possible when the SRR 
devices use the available frequency range in a sharing manner. Five SRR with an 
occupied bandwidth of 1 GHz each may use, when arranged one beside another 
in the spectrum domain, the same spectrum as one SRR with 5 GHz bandwidth18. 
Furthermore, similar to multiband operation interference risk with radio 
communication services can be mitigated by change to another sub-frequency 
range. 
The combined potential effect of the mitigation factors described above is 
expected to provide a maximum additional mitigation factor of 3 dB.” 

 
The analysis in the above table are conservative since a maximum receiver antenna gain 
is used over the whole pixel area, and only an additional 3 dB mitigation considered due 
to the operation modes of UWB SRR radars.  

 
Respecting the ΔT = 0.05 Kelvin for future EESS use, and modifying the ITU-R study to 
reflect a possible 10% apportionment for the SRR devices in 15% of pixels being roads, it 
is concluded with these assumptions that the interference threshold of -166 dBW/200 

                                                 
17  Some low fuel consumption car models already use this technique 
18 Actually a blind spot monitoring SRR system is under development with an occupied 

bandwidth below 1 GHz. 
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MHz is met with a good safety margin for the highway scenario with 123 car/km2 at 5% 
and 10% interference apportionments. The interference threshold of -166 dBW/200 MHz 
is also met for the urban/suburban scenario with 330 car/km2 at 5% and 10% interference 
apportionments.  
 
The interference threshold of -166 dBW/200 MHz is also met for the urban scenario with 
453 cars/km2 considering 10% interference apportionments. This threshold is also met for 
2 systems (MEGHATROPIC and AMSR-E) and missed by about 0.5 dB for the third 
system (CMIS) at 5% interference apportionment. It should be noted that this case is an 
absolute worst case scenario and does not represent car density in Canada but rather in 
much more crowded countries. However, considering additional correction due SRR 
operation mode mitigation and realistic assumption for receiver antenna gain, this 
interference threshold will be met at 5% interference apportionment for the third system.  

   
Assuming realistic values for car density in a Canadian urban environment by using data 
from a study on traffic by Robert Bosch GmbH, Siemens AG "Traffic Density Study for 
Use in Compatibility Studies between SRR Devices around 24 GHz and Earth 
Exploration Satellites (EESS)", for Toronto the maximum car density figure would be 
230 cars/km2. To be on the safe side a density of 250 cars/km2 is used in the analysis.  For 
this case, the interference threshold of -166 dBW/200 MHz is met with a good safety 
margin for this urban scenario at 5% and 10% interference apportionments.  

 
Based on the above evaluation and analysis, the EESS systems in the 23.6 – 24 GHz band 
are sufficiently protected from the risk of UWB interference at an UWB e.i.r.p. density of 
-41.3 dBm/MHz assuming that the percentage of cars on the road equipped with UWB 
vehicular radars is 10% and assuming that I/N = -13 dB. 
 

1.2.9  North American Broadcasters Association Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-naba-comments-01.pdf/$FILE/smse00205-naba-comments-
01.pdf 
 
The submission by NABA provides a list of bands allocated to broadcasting services, 
UWB field strength limits versus minimum required digital television field strength as 
well as recommended UWB power limits to protect satellite digital audio radio services 
(S-DARS), C-band FSS television and radio services, and broadcasting / auxiliary 
services. 
 
1.2.9. 1 VHF/UHF Digital Television 
 
NABA is concerned regarding the emission levels promulgated by the FCC for UWB 
devices operating or emitting in the frequency bands 50-72 MHz and 78-88 MHz (Low 
VHF), 174-216 MHz (High VHF), and 470-806 MHz (UHF), which are allocated for 
digital television (DTV). NABA states that the FCC UWB field strength emission limits 
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are significantly higher (5 to 10.5 dB) than the minimum DTV field strength required by 
the Canadian DTV Service Considerations and Allocation Principles. 

 
This submission states that the Advanced Television Systems Committee in its Receiver 
Performance Guidelines expects a DTV receiver to operate at a signal level of –91 
dBm/MHz. Consequently, an UWB device must restrict its emissions below this limit 
throughout the DTV bands. 
 
Please refer to Section 1.2.2 of this Report for the evaluation of UWB impact on the 
above mentioned digital television bands. 
 
1.2.9.2  Satellite Digital Audio Radio Services (S-DARS) 
 
In this submission, NABA expresses its concern regarding the emission levels 
promulgated by the FCC for UWB devices operating or emitting in the frequency bands 
1452-1492 MHz, 2320-2345 MHz and 2535-2655 MHz, which are allocated for S-DARS 
operations. In particular, NABA is concerned with the potential unregulated use of indoor 
communication and hand-held UWB systems which cause interference to S-DARS 
systems at the specified FCC out-of-band emission levels. 

 
In this submission, NABA recommends that emission limits of -90.3 dBm/MHz for 
indoor UWB devices, and -93.3 dBm/MHz for handheld and surveillance UWB devices 
be adopted for UWB devices in order to ensure compatible operation between UWB 
devices and S-DARS in the bands 1452-1492 MHz, 2320-2345 MHz and 2535-2655 
MHz. These NABA recommended limits are lower than the FCC adopted limits by about 
50 dB. NABA also recommends that an emission mask for UWB devices should be 
capable of being met by all UWB device emissions so that compliance is guaranteed. 

 
Please refer to Section 1.2.2 of this Report for the evaluation of UWB impact on S-
DARS. 
 
1.2.9.3  Fixed Satellite Service C-Band (3.7 – 4.2 GHz) 

 
In this submission, NABA expressed concern about the protection of the FSS C-band (3.7 
– 4.2 GHz) used for television and radio contributions and distributions. 

 
Please refer to Section 1.2.15 of this Report for the evaluation of UWB impact on the C-
band FSS earth stations. 
 
1.2.9.4  Broadcast Auxiliary Services (BAS) 

 
In this submission, NABA states that the BAS services such as wireless microphones, 
cameras, and site communications are frequently used during major events such as public 
crises, newsgathering and sports. NABA recommends that the total interference from UWB 
devices to systems operating in the BAS frequency bands be limited such that the 
interference does not exceed 1% of the total thermal noise at all times. The NABA 
submission lists the bands 25.8 – 26.5 MHz, 152-162 MHz, 450-451 MHz, and 455-456 
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MHz as BAS bands used for remote pickup stations. In addition, NABA lists the studio 
links band 944 -952 MHz as a BAS band. The NABA submission did not propose any 
specific UWB emission limits for the protection of these BAS bands.   
 
The Department’s Evaluation and Conclusion 
 
Wireless microphones in the bands 72-76 MHz are licence-exempt in Canada as per RSS-
210. The bands 26.10-26.48 MHz, 88.0-107.5 MHz, 150-174 MHz, and 450-451 MHz 
are licensed in Canada for wireless microphones one-way voice only as per RSS-123. 
RSS-123 also advises manufacturers and users to note that the band 150-174 MHz is 
congested and thus should be avoided by auxiliary broadcast.   
 
As per RSS-123, the bands 470- 608 MHz, and 614-806 MHz are for 6 MHz video, voice 
or data wireless microphones, 12 MHz video wireless microphones are also permitted in 
704-806 MHz, and the bands 450-451 MHz and 455-456 MHz are for licensed auxiliary 
broadcast use in Canada. 
  
As discussed in Section 1.2.2, the limits of RSS-210 below 960 MHz are sufficient to 
protect the bands 25.8 – 26.5 MHz, 152-162 MHz, 450-451 MHz, and 455-456 MHz. 
The band around 956 MHz is used in Canada for studio links and protected in the ALS as 
a Land Mobile band. The Department notes that UWB vehicular radar devices intend to 
operate in the 22 - 29 GHz band and that UWB communication devices and medical 
imaging devices intend to operate in the band 3.1 – 10.6 GHz. However, UWB radar 
imaging (ground penetrating radar, wall probing radar, and surveillance) devices intend to 
operate in these BAS bands. It should be noted that radar imaging UWB devices are 
operated occasionally, and only by specialized user groups with emissions directed 
towards the ground or a target.  Radar imaging devices have directional emissions and it 
is unlikely that they will direct their emissions toward a BAS receiver.  

 
The NABA submission also lists other bands that can be used by BAS: 1.9 GHz and 2.4 
GHz. BAS operates in Canada at the band 2 025 - 2 110 MHz. The Table below studies 
the impact of an outdoor UWB device on a studio station receiver of an FS link with a 
stationary van.  The single interferer approach is used here to determine the level of 
interference. It should be noted that the BAS system at the studio receives and that the 
BAS mobile unit at the truck transmits only. 
 

Department’s Analysis 

Single outdoor UWB device 
High Gain Antenna  
on Outdoor Tower, 

27 dB Antenna Gain 

Antenna on top of 40 
m tower, 10 dB 
Antenna Gain  

Frequency band 2025 – 2110 MHz 2025 - 2110 MHz 
Single interferer distance 40 m 40 m 
BAS receiver antenna height 15 m 40 m 

UWB device height 2 m 2 m 

Ө = elevation angle – UWB elevation offset 18 º 0 º  
BAS receiver antenna gain @ Ө1 0.6  dB  0 dB 
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UWB activity factor2 100 % = 0 dB 100% = 0 dB 
Centre frequency 2067.5 MHz 2067.5 MHz 
Path loss -70.6 dB -73.6 dB 
Thermal noise -114 dBm/MHz -114 dBm/MHz 
Noise figure 7 dB 7 dB 
Rx noise floor -107 dBm/MHz -107 dBm/MHz 
Protection criteria (I/N) -6 dB -6 dB  
Interference criteria: Imax -113 dBm/MHz -113 dBm/MHz 
Required UWB Tx e.i.r.p. density -42.4 dBm/MHz -39.4 dBm/MHz 
FCC e.i.r.p. density limit  -61.3 dBm/MHz -61.3 dBm/MHz 
Service Sufficiently Protected at FCC limit(s)? YES YES 

1.  ITU Recommendation F.699 at gain of 32-25 log Ө. 
2. LDC is NOT assumed. 

 
The interference level is well within acceptable limits. In addition, the -10 dB emission 
bandwidth of the UWB communication device must be within the range 3 100 
-10 600 MHz. It is unlikely that a physical UWB emitter would exactly follow the 
“staircase” function of the FCC emission masks. Thus the transmit power spectral density 
is estimated based on linear interpolation between the “internal knees” of the FCC masks. 
This interpolation provides the following average interference e.i.r.p. density at the 
specified frequencies resulting in additional protection. 
 

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz and 

-75.3 dBm/MHz@1 610 MHz 
2025 MHz - 71.40 dBm/MHz - 68.61 dBm/MHz 

2067.5 MHz -71.00 dBm/MHz -67.93 dBm/MHz 
 
Thus BAS services in the band 2 025 - 2 110 MHz are sufficiently protected. 

 
The NABA submission also lists other bands that can be used by BAS: 6.4 GHz 6.8 GHz, 
13 GHz, 17 GHz, 19 GHz, and 38 GHz. The NABA submission did not propose any 
specific UWB emission limits for the protection of these BAS bands. The Department 
notes that these bands are mainly used by FSS/BSS to support broadcasting services and 
some may be used for wireless microphones, wireless cameras or site communications. 
The 38 GHz band is shifted in frequency far from any UWB applications. The UWB 
compatibility with FSS/BSS is considered in Sections 1.2.15 (Telesat), 1.2.14 (SIA), 
1.2.4 (CSSIF), and 1.2.2 (CBC).  
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1.2.10  Nortel Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-nortel-comment-01.pdf/$FILE/smse00205-nortel-comment-
01.pdf 
 
This submission provides a table of maximum UWB device e.i.r.p. spectrum density 
based on studies submitted to ITU-R TG 1/8 at its 4th meeting. At the final meeting, some 
of these maximum UWB device e.i.r.p. spectrum density values were modified.  
 
1.2.10.1  Summary of Nortel Concerns 

 
Nortel does not believe that GPRs or UWB equipment explicitly employed by law 
enforcement/emergency agencies to be an issue. Nortel also expresses support to basic 
UWB terminology being proposed. Nortel does not object to UWB technology per se, but 
is concerned about the protection of mobile and nomadic applications where both UWB 
and victim device can operate in close proximity. Nortel would like a protection to the 
RSS-210 restricted bands and the passive bands of ITU-R RR footnote 5.340. Nortel 
would prefer typical propagation losses and typical victim parameters to be used in 
interference analysis, to consider the impact of bursts in the activity factor, and that 
licence-exempt UWB devices employ conventional sharing techniques such as listen-
before-talk, transmit power control, and dynamic frequency selection to minimize UWB 
interference. Nortel proposes that low UWB activity factor communication devices be 
deployed below 6 GHz while devices with high activity factor above 6 GHz and to 
provide exclusive UWB allocations at high frequencies (> 20 GHz).  
 
1.2.10.2  ITU-R Compatibility Studies  

 
This submission states that Nortel has been active in the ITU-R TG 1/8 and supports the 
maximum power emission levels proposed in document 1-8/256 for IMT-2000 and 
RLAN systems. This submission includes the following table based on studies received 
by ITU-R TG 1/8 on maximum EIRP density of a single UWB device to achieve the 
protection requirement of LM except IMT-2000, IMT-2000 and systems beyond IMT-
2000, and WAS/RLAN services. 
 
Service/ 
Applications Frequency bands Service protection 

requirement Reference Analysis Maximum UWB  
device EIRP density 

824-849 MHz 
/ 869-894 MHz 

0.4 dB degradation, 
I/N=–10 dB 

Single interferer, 
36 cm separation -92.7 dBm/MHz 

1 850-1 990MHz 0.4 dB degradation, 
I/N=–10 dB 

Single interferer, 
36 cm separation 

–85.8 dBm/MHz 
 Land Mobile 

except IMT-
2000 

2 300 – 2 400 MHz 
(WiBro OFDMA); 
Similar to 
IEEE.802.16 / 
WiMAX 

1 dB degradation, 
I/N=–6 dB 

Single interferer, 
 1.0m separation –71 dBm/MHz 
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Service/ 
Applications Frequency bands Service protection 

requirement Reference Analysis Maximum UWB  
device EIRP density 

824-849 / 869-894 
MHz 

0.4 dB degradation, 
I/N=-10 dB 

Single interferer, 36 
cm separation -92.7 dBm/MHz 

1 710-1 885 MHz 0.4 dB degradation, 
I/N=–10 dB 

Single interferer, 
36 cm separation –86.4 dBm/MHz 

1 850-1 990 MHz 0.4 dB degradation, 
I/N=–10 dB 

Single interferer, 
36 cm separation –85.8 dBm/MHz 

2 110-2 170 MHz 0.4 dB degradation, 
I/N=–10 dB 

Single interferer, 
36 cm separation 

–85 dBm/MHz 
 

2 500-2 690 MHz 0.4 dB degradation, 
I/N=–10 dB 

Single interferer, 
36 cm separation –83.1 dBm/MHz 

IMT-2000 and 
systems beyond 
IMT-2000 

2 110-2 170 MHz 1% blockage with 
I/N=-10dB 

100 000 UWB 
transmitter/km2 -87.0 dBm/MHz 

5 150-5 350 MHz 1 dB degradation, 
I/N=–6 dB 

Single interferer, 
36 cm separation –66 dBm/MHz 

5 470-5 725 MHz 1 dB degradation, 
I/N=–6 dB 

Single interferer, 
36 cm separation –66 dBm/MHz 

2 400-2 483 MHz 1 dB degradation, 
I/N=–6 dB 

Single interferer, 
36 cm separation –76 dBm/MHz 

5 150-5 350 MHz SINR degradation 1 
dB 

0.2 UWB 
transmitters/m2 -59.3 dBm/MHz 

WAS/RLANs 

2 400-2 483 MHz SINR degradation  
1 dB 

0.2 UWB 
transmitters/m2 -71.1 dBm/MHz 

 
1.2.10.3  The Department’s Evaluation and Conclusion for WAS/RLAN 

Systems 
 
The Department notes that the WAS/RLAN bands in the bands 5 150-5 350 MHz, 5 470-
5 725 MHz, and 2 400-2 483 MHz are licence-exempt and are not protected in Canada. 
 
1.2.10.4  The Department’s Evaluation and Conclusion for WiBro OFDMA in 

2300 – 2400 MHz 
 

It should be noted that the WiBro OFDMA systems in the 2 300 – 2 400 MHz is a South 
Korean system and it is not used in Canada. However, the Department conducted an 
analysis to consider the protection of WiBro-like systems in case they are used in Canada. 

 
The -10 dB emission bandwidth of the UWB communication device must be within the 
range 3 100 -10 600 MHz.  It is unlikely that a physical emitter would exactly follow the 
“staircase” function of the FCC masks. Thus the transmit spectral density is estimated 
based on linear interpolation between the “internal knees” of the FCC masks. This 
interpolation provides the following average interference e.i.r.p. density power at the 
specified frequencies. 
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Linear Interpolation of the FCC emission masks between 1 610 MHz and 3 100 MHz  

Interpolated Average EIRP Density 

Frequency Handhelds (Outdoor) 
Knees: -61.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 

Indoor 
Knees: -51.3 dBm/MHz@3 100 MHz 

and -75.3 dBm/MHz@1 610 MHz 
2 385.5 MHz -68.01 dBm/MHz - 62.80 dBm/MHz 
 

The following table is based on ITU-R Report SM.2057 for WiBro systems (Attachment 
2 to Annex 5 of document 1/90) with WiBro characteristics as provided by South Korea 
to the ITU-R TG 1/8. It should be noted that the ITU-R calculations did not consider in-
cell and other cell interference (6dB) impact on raising the victim’s noise floor. In 
addition, the above calculation did not consider the multipath fading factor (5dB) on the 
noise floor of the victim receiver. These two factors would reduce the distance to about 
50% of the calculated values. 
 
The ITU-R calculations were repeated using interpolated UWB e.i.r.p. as per the above 
table, multipath fading factor, and in-cell and other cell interference as shown below. 

 
Single interferer active at 100% of time 

Parameters ITU-R Study Department’s Evaluation 

Frequency 2 385.5 MHz 2 385.5 MHz 
Thermal noise power density –174 dBm/Hz –174dBm/Hz 
Reference bandwidth 1 MHz 1 MHz 
Victim channel bandwidth 9 MHz 9 MHz 
Victim noise figure 7 dB 7 dB 
Victim noise floor –97.3 dBm - 97.4 dBm 
In cell & other cell Interference margin 0 dB  6 dB 
Multipath fading factor 0 dB  5 dB 
Protection criteria (I/N) -6 dB -6 dB 
Tolerable interference at victim receiver –113 dBm/MHz -101.98 dBm/MHz 
UWB PSD (US Indoor Limit) –51.3 dBm/MHz -62.80 dBm/MHz (indoor 

UWB interpolated) 
Victim receiver antenna gain 0 dBi 0 dBi 
Victim receiver implementation loss 5 dB 5 dB 
Required isolation 56.7 34.18 dB indoor 

Path loss (Free space) 
Minimum separation distance 6.85 0.51 m  

Path loss (Indoor) CL=20 log 10(f)+29 log 10(d) 
Minimum separation distance  0.43 0.07 m  
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For the aggregate interference analysis at I/N = -6dB, the link budget methodology was 
used. A 5% UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -
13 dB); and an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 
dB (resulting in – 6dB) were applied. 240 UWB devices located in a ring around the 
victim receiver at the same minimum separation distance (+24 dB increase in e.i.r.p. and 
similarly in interference level) was assumed.  It is almost certain that a higher device 
density would be blocked by multiple obstructions (e.g., multiple walls, roofs, trees, etc.) 
between interferers and the victim receivers. As a result of 240 devices,  the impact of 
interference from 250 UWB devices will increase the minimum separation distance to 91 
cm for free-space path loss and to 10.5 cm for the indoor path loss (PL =20 log 10(f)+29 
log 10(d)).  

 
From the above assessment and from the Department’s assessment in Section A2.1.2, it is 
proven that a WiBro / WiBro-like subscriber unit in the 2300 MHz band is sufficiently 
protected at the FCC UWB emission limits. 
 
1.2.10.5  The Department’s Evaluation and Conclusion for 2G and 3G systems  

 
Our analyses are applied to the victim handset using a single interferer active at 100% of 
the time i.e.; the most vulnerable case. The impact of UWB interference into base-
stations is expected to be much less.  

 
The tables below are from Nortel’s studies submitted as Canadian contributions to ITU-R 
WP 8A (document 8A/231) and ITU-R WP 8F (document 8F/754) then liaised to ITU-R 
TG 1/8 document 1-8/03 and document 1-8/07, respectively (study Period 2000-2003).  
 
The following from the submission of Nortel to ITU-R WP 8A (document 8A/231), 
which is subsequently liaised to ITU-R TG 1/8 (document 1-8/3), highlights their 
concerns: The -10 dB emission bandwidth of the UWB communication device must be 
within the range 3 100-10 600 MHz.  It is unlikely that a physical emitter would exactly 
follow the “staircase” function of the FCC mask, so the assumed transmit spectral 
density will be calculated based on linear interpolation between the “internal knees” of 
the FCC mask, e.g., this interpolation provides the following average interference 
spectral density power at the specified frequencies. 
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Linear Interpolation between Knees at 1 610 MHz and 3 100 MHz of the FCC emission 
masks for UWB communication devices 

 Average EIRP (dBm/MHz) as per FCC rules 

Freq (MHz) Handhelds (Outdoor) 
Knees: -61.3 dBm@3 100 MHz 

and -75.3 dBm@1 610 MHz 

Indoor 
Knees: -51.3 dBm@3 100 MHz 

and -75.3 dBm@1 610 MHz 
1 805 -73.5 -72.2 
1 930 -72.3 -70.1 
1 990 -71.7 -69.2 

 
 
 

2G mobile station required separation distance from handheld UWB devices 

 Interpolated UWB Emissions 

Frequency (MHz) 1 805 1 880 1 930 1 990 
Wavelength (m) 0.166 0.159 0.155 0.151 
Interference (dBm/MHz) –73.47 –72.76 –72.29 –71.73

 

 

Peak/Avg factor(dB) 6.0 6.0 6.0 6.0 

Technology Intfer Thresh 
(dBm) 

Bandwidth 
(MHz) 

Interference 
(dBm/MHz) 

Interference Distance (m) 

IS-95 –110 1.25 –111.0 2.0 2.0 2.1 2.1 
IS-136 –126 0.03 –110.8 1.9 2.0 2.0 2.1 
PCS1900 / 
DCS1800 

–117 0.2 –110.0 1.8 1.8 1.9 2.0 

 

2G mobile station required separation distance from indoor UWB devices 

 Interpolated UWB Emissions 

Frequency (MHz) 1 805 1 880 1 930 1 990 
Wavelength (m) 0.166 0.159 0.155 0.151 
Interference (dBm/MHz) –73.47 –72.76 –72.29 –71.73

 

 

Peak/Avg factor(dB) 6.0 6.0 6.0 6.0 

Technology Intfer Thresh 
(dBm) 

Bandwidth 
(MHz) 

Interference 
(dBm/MHz) 

Interference Distance (m) 

IS-95 –110 1.25 –111.0 2.1 2.3 2.3 2.4 
IS-136 –126 0.03 –110.8 2.1 2.2 2.3 2.4 
PCS1900 / 
DCS1800 

–117 0.2 –110.0 2.0 2.1 2.2 2.3 

 



 114

IMT-2000 mobile station required separation distance from handheld UWB devices 

  Interpolated UWB Emissions 

Frequency (MHz) 1 805 1 845 1 880 1 930 1 990 2 110 2 170 2 600 2 690
Wavelength (m) 0.166 0.162 0.159 0.155 0.151 0.142 0.138 0.115 0.111
Interference (dBm/MHz) –

73.47
–73.09 –72.76 –72.29 –71.73 –70.60 –70.04 –66.00 –65.15

 

Peak/Avg factor(dB) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

Technology Intfer 
Thresh 
(dBm) 

Bandwidth 
(MHz) 

Interference 
(dBm/MHz)

Interference Distance (m) 
(1/R2 to 2 m then 1/R4) 

CDMA-2000 1X –110 1.25 –111.0 2.0 2.0 2.0 2.1 2.1 2.2 2.2 2.5 2.6 
CDMA-2000 3X –105 3.75 –110.7 1.9 2.0 2.0 2.0 2.1 2.1 2.2 2.5 2.6 
TD-CDMA –111 3.84 –116.8 2.8 2.8 2.8 2.9 2.9 3.0 3.1 3.6 3.7 
W-CDMA –105 3.84 –110.8 1.9 2.0 2.0 2.0 2.1 2.2 2.2 2.5 2.6 
TD-SCDMA -114 1.28 –115.1 2.5 2.5 2.6 2.6 2.7 2.7 2.8 3.2 3.3 
DECT –92 1.728 –94.4 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 0.5 
UWC-136 TDMA –119 0.03 –103.8 0.9 0.9 0.9 0.9 1.0 1.0 1.1 1.4 1.5 
UWC-136 EDGE –108 0.2 –101.0 0.6 0.6 0.7 0.7 0.7 0.7 0.8 1.0 1.1 

 
IMT-2000 mobile station required separation distance from indoor UWB devices 

  Interpolated UWB Emissions 

Frequency (MHz) 1 805 1 845 1 880 1 930 1 990 2 110 2 170 2 600 2 690
Wavelength (m) 0.166 0.162 0.159 0.155 0.151 0.142 0.138 0.115 0.111
Interference 
(dBm/MHz) –72.16 –71.51 –70.95 –70.15 –69.18 –67.25 –66.28 –59.35 –57.90

 

Peak/Avg factor(dB) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

Technology Intfer 
Thresh 
(dBm) 

Bandwidt
h (MHz) 

Interference 
(dBm/MHz)

Interference Distance (m) 
(1/R2 to 2 m then 1/R4) 

CDMA-2000 1X –110 1.25 –111.0 2.1 2.2 2.3 2.3 2.4 2.6 2.7 3.7 4.0 
CDMA-2000 3X –105 3.75 –110.7 2.1 2.2 2.2 2.3 2.4 2.6 2.7 3.7 3.9 
TD-CDMA –111 3.84 –116.8 3.0 3.1 3.2 3.3 3.4 3.7 3.8 5.2 5.6 
W-CDMA –105 3.84 –110.8 2.1 2.2 2.2 2.3 2.4 2.6 2.7 3.7 4.0 
TD-SCDMA –114 1.28 –115.1 2.7 2.8 2.9 2.9 3.1 3.3 3.5 4.7 5.1 
DECT –92 1.728 –94.4 0.3 0.4 0.4 0.4 0.4 0.5 0.6 1.0 1.2 
UWC-136 
TDMA 

–119 0.03 –103.8 
1.0 1.1 1.1 1.2 1.3 1.5 1.6 2.5 2.6 

UWC-136 
EDGE 

–108 0.2 –101.0 
0.7 0.8 0.8 0.9 0.9 1.1 1.2 2.1 2.2 
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In the above listed study results, the use of Peak to Average Ratio (PAR = 6dB) is not 
applicable since the pulse train of the UWB system is much faster (115 Mbps and 480 
Mbps) than the bit period (0.5 – 100 µs) of the victim system. In addition, the spectral 
shape of the transmitted UWB signal is smoothed due to the pulse shaping, time-jittering 
and modulation. Furthermore, Recommendation ITU-R SM.1757 developed by TG 1/8 
includes seven compatibility methodologies for calculating UWB interference into 
radiocommunication services. However, none of these methodologies uses a peak-to-
average factor. This PAR factor may be considered a design parameter for UWB 
equipment manufacturers to guarantee that their design is on the safe side. However, it is 
not a link budget factor for interference analysis as per ITU-R Recommendation 
SM.1757. Subsequently, the interference (minimum separation) distances in the above 
tables would be reduced to half the listed values for free-space path-loss propagation, i.e.; 
a minimum separation distance ranging from 0.15 m to 2.8 m.   

 
The above Nortel calculation did not consider in-cell and other cell interference of the 
victim system which raises the noise floor (average 6 dB), the multipath fading factor 
(average 5 dB). In addition, the above Nortel calculations did not consider receiver line 
losses (2 dB to 7.5 dB), and used the upper frequency in the band of concern which is on 
the safe side. These four factors result in an additional attenuation to UWB interference 
by at least 13 dB, which further reduces the minimum separation distance by a factor of 
4.5, i.e.; a minimum separation distance ranging between 0.03 m to 0.62 m.    
 
The above Nortel tables also use channel spacing instead of channel bandwidth for 
calculations, which is on the safe side. The above Nortel tables also did not consider the 
on-tune rejection (OTR) of the victim receiver. The EIRP density of the UWB signal is 
provided for reference bandwidth of 1 MHz, thus OTR is calculated by,  

  
OTR 10 log

BWRX
REFBWUWB

⎛
⎜
⎝

⎞
⎟
⎠

:=
 

 
Where BWRX = receiver bandwidth and REFBWUWB = reference bandwidth applied to 
the UWB EIRP. This equation gives an OTR = – 15.3 dB i.e.; 15.3 dB reduction in UWB 
interference into the IS-136 and UWC-136 TDMA systems which further shorten the 
minimum separation distance for free-space propagation by about 6 times. The above 
equation also gives an OTR = -7dB i.e.; 7 dB reduction in UWB interference into the 
PCS1900/DCS1800 and UWBC-136 EDGE systems which further shortens the minimum 
separation distance for free-space propagation by a factor of 2.3. 
 
The Nortel submission cited the work done in ITU-R TG 1/8. In TG 1/8, one 
compatibility study between UWB devices and IMT-2000 and land mobile except IMT-
2000 devices operating the 1 750-1 780/1 840-1 870 and 1 850-1 910/1 930-1 990 MHz 
band raised disagreements on some of the parameters and values to be used in 
interference analysis. A correspondence group (CG) of 2G/3G companies and the U.S. 
was created to deal with this issue. However, the U.S. disagrees with the consensus 
reached by the CG. Below is a summary table of the parameters and values involved in 
interference analysis. Study-A is supported by 2G/3G companies and study-B is 
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supported by the U.S. This table also includes the parameters used in compatibility 
studies by the Department. 
 

Parameters ITU-R  
Study A 

ITU-R  
Study B 

Department’s 
Studies 

Frequency MHz 1900 MHz 1 900 MHz 1900 MHz 

Victim bandwidth 1.25 MHz 1.23 MHz 1.23 MHz 
Reference bandwidth 1 MHz 1 MHz 1 MHz 

Victim receiver noise figure dB 8 dB 8 dB 8 dB 

Victim receiver thermal Noise –106 dBm/MHz –106 dBm/MHz -106 dBm/MHz 

In cell & other cell Interference 
margin 

Not Applicable - 6 dB 
(–100 dBm/MHz) 

- 6 dB 
(-100 dBm/MHz) 

Multipath fading factor Not Applicable 5 dB 5 dB 

Noise floor –106 dBm/MHz –94 dBm/MHz -95 dBm/MHz 

I/N (dB) -6 dB - 6dB - 6dB 

Allowed interference –112 dBm/MHz –100 dBm/MHz -101 dBm/MHz 

FCC Indoor UWB Emission 
limit  

–53.3 dBm/MHz 
–53.3 dBm/MHz 

(–53.3 dBm/MHz) 
-70.63 dBm/MHz 
(interpolated mask) 

FCC Outdoor UWB Emission 
limit 

–63.3 dBm/MHz 
–63.3 dBm/MHz 

(–63.3 dBm/MHz) 
–72.57dBm/MHz 
(interpolated mask) 

Head/Body loss Not Applicable 6dB 0dB19 

Receiver average antenna gain +0.5dBi (averaged) –3dBi 0dBi+ 

Line loss from Antenna to LNA Accounted in the 
overall antenna gain 2dB 2dB+ 

Receiver diplexer loss Not used 0dB 0 dB+ 

Antenna Polarization mismatch Not used 0 dB 0 dB+ 

Implementation Loss No conclusions 0 dB 0 dB+ 

Path loss required 59 dB indoor 
49.20 dB outdoor 

35.72 dB indoor 
25.70 dB outdoor 

28.37 dB indoor 
26.43 dB outdoor 

Minimum distance (indoor) 11.2 m 0.77 m 0.33 m  

Minimum distance (handheld 
outdoor) 

3.62 m 0.24 m 0.26 m  

 
It should be noted that a victim receiver is mostly impacted by the few UWB devices 
closest to it, and that this impact is maximized when the victim receiver is located at the 
edge of its coverage area (i.e., the desired signal is at its weakest level).    

 

                                                 
19 Worst case scenario is assumed with the mobile always receiving the direct path of the 

interfering signal. 
+ The mobile is compact and these parameters are difficult to measure. 
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The Department’s assessment have re-analyzed the interference scenarios using slightly 
different, although still conservative assumptions. The Department’s results show that 
UWB devices transmitting at FCC Part 15 limits do not cause harmful interference to 
IMT-2000 systems and cellular/PCS systems.  In particular, the single-entry interference 
case into handset receivers show that the minimum separation distance to be more than 
sufficient.  Considering additional losses in a realistic interference scenario, including 
propagation losses through obstructions (walls, roofs, head-body, objects, etc.), and 
antenna polarization mismatch, and the mobility of the victim i.e.; the ability to move 
around and away from the interferer when the desired signal quality is poor would further 
reduce UWB interference and enhance coexistence between UWB and IMT-2000 and 
LM except IMT-2000 systems.  

 
From the above assessment, the 2G systems (IS-95, IS-136, PCS1900/DCS1800) 
operating the 1 750-1 780/1 840-1 870 and 1 850-1 910/1 930-1 990 MHz bands are 
sufficiently protected using the FCC UWB emission limits. In addition, the IMT-2000 
and systems beyond IMT-2000 operating in the 1 750-1 780/1 840-1 870 MHz, 1 710-1 
885 MHz, 1 850-1 910/1 930-1 990 MHz, 2 110-2 170 MHz, and 2 500-2 690 MHz are 
sufficiently protected using the FCC UWB emission limits. 
 
1.2.10.6  The Department’s Evaluation and Conclusion for the Mobile 800 

MHz systems  
 

In the table provided in the Nortel submission, the maximum UWB e.i.r.p. values for 
824-849 MHz / 869-894 MHz were derived from frequency scaling of the compatibility 
study between the IMT-2000 CDMA2000 1X system in the 2 110 – 2170 MHz band and 
UWB devices.  

 
There are no cellular/PCS devices that presently operate in the 2 110 – 2170 MHz band in 
Canada for IMT-2000 systems including CDMA2000 1X systems. Thus the results 
derived by scaling in Nortel’s submission are not valid. Frequency scaling is only valid if 
the same receiver is capable of operating in the bands of concern.  

 
It should be noted that UWB devices do not transmit in the 824-849 MHz / 869-894 MHz 
bands. For example, the -10 dB emission bandwidth of the UWB communication device 
must be within the range 3 100 - 10 600 MHz.  It is unlikely that a physical emitter 
complying with the FCC mask, with emissions down to -75.3 dB/MHz at 960 MHz, 
would jump to much higher emission levels in the 824-849 MHz / 869-894 MHz bands. 
Similarly, the -10 dB emission bandwidth of vehicular radar devices falls in the 22 – 29 
GHz band. Emissions from UWB vehicular radar devices are directional and will point at 
the surroundings of the vehicle when its engine is running/active. The 824-849 MHz / 
869-894 MHz bands fall into the out-of-band (OOB) domain of UWB communication 
devices and vehicular radar devices.  

 
UWB radar imaging devices can operate in the 824-849 MHz / 869-894 MHz TV bands. 
However, radar imaging devices operate occasionally or infrequently. In addition, radar 
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imaging devices will be operated by professionals and their emissions will not be directed 
towards a PCS/cellular receiver.  

 
The Nortel submission cites the studies received by ITU-R TG 1/8. ITU-R TG 1/8 did not 
receive many studies on compatibility between UWB devices and the cellular/ PCS 
systems in the 800/900 MHz band. However, a Report by SwissTelecom to TG 1/8 
studied the impact of UWB mass deployment on the GSM 900 MHz networks (ITU-R 
TG 1/8 document 1-8/09 October 2003). This Report considers the downlink situation of 
a mobile terminal located at the cell edge i.e.; the limit of coverage. In this case, the base-
station is already transmitting at maximum power and cannot further increase its transmit 
power, therefore, the mobile station has to cope with whatever signal strength may be 
available. The Department’s evaluation computes the aggregate interference resulting 
from a mass deployment of UWB devices for different scenarios such as indoor, outdoor 
or varying UWB device densities. Two different methodologies to investigate the impact 
of UWB interference are considered: a relative loss in SINR and loss with respect to an 
absolute target SINR. This Swiss Telecom Report concludes that UWB interference 
resulting from the FCC mask would not result in harmful interference to GSM 900 MHz 
systems.  

 
It should be noted that emissions from radar imaging devices are directional and targeted 
towards an object or a body. Some of the radar imaging devices (e.g., ground penetrating 
radar)do not intend to transmit in the air. Consequently the risk of interference to 
cellular/PCS receivers from UWB radar imaging device is negligible considering the 
antenna discrimination of these UWB devices, UWB activity factor, and operational 
restriction requirements.   

 
As stated in the submission: Nortel does not believe GPRs or UWB (radar imaging) 
equipment explicitly employed by law enforcement/emergency agencies to be an issue. 

 
From the above assessment, interference from UWB radar imaging devices (e.g., ground 
penetrating radar etc.) into the cellular/PCS systems operating the 824-849 MHz / 869-
894 MHz bands is negligible. In addition, out-of-band emissions from UWB vehicular 
radar and communication devices do not seem to be an issue. 
 

1.2.11  Novatel Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-novatel-comments-01.pdf/$FILE/smse00205-novatel-
comments-01.pdf 
 
Novatel’s submission provides two temporary documents prepared by ITU-R Working 
Party 8D on the protection of RNSS from UWB interference, US GPS Industry Counsel 
comments on NTIA test results report, NTIA special report 01-45 on assessment of 
compatibility between UWB systems and GPS receivers, NTIA special report 01-47 on 
assessment of compatibility between UWB systems and GPS receivers (report 
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addendum), and the NASA CR-2004-213551 measurement of man-made spectrum noise 
floor report. 
 
1.2.11.1  NTIA Test Results and Relevant GPS Industry Forum Comments 
 
Novatel’s submission provides several documents considered in the U.S. process for 
developing UWB rules to protect the GPS bands. The first set of documents includes test 
results and analysis filed with the FCC in the Notice of Proposed Rule-Making on Ultra-
wideband ET Docket 98-153: 
  
1. NTIA comments on proposed NTIA test program, including:  "Measurement Plan to 
Determine the potential Interference Impact to the Global Positioning System Receivers 
from Ultra-wideband Transmission Systems", Sep 12, 2000. 
2. DoT Initial comments, Sep 12, 2000. 
3. Reply Comments and Interim Test Results and Analysis sponsored by DoT, October 
30, 2000 and its 3 attachments. 
 
Novatel’s submission also provides the NTIA special reports 01-45 and 01 -47 pertaining 
to the UWB protection limits for UWB devices. In addition, Novatel’s submission 
provides 4 additional documents which include all of the U.S. GPS Industry Council 
comments on the NTIA test result and analyses reports. A fifth document also includes a 
significant technical analysis developed by A. J. Van Dierendonck which addresses the 
critical need to "notch out" the UWB overlay from operating in the GPS/GNSS bands.   
 
The Department notes that the UWB rules in the U.S. required length and intensive 
studies by the NTIA and FCC which considered the GPS Industry Counsel comments on 
NTIA test results Reports. This process finally resulted in an agreement on UWB limits 
that protect the GPS bands. The following table summarizes parameters and studies 
submitted by the U.S. to ITU-R TG 1/8. 
 

RNSS- GPS in 1 164 – 1 300 MHz and  1 559 - 1 610 MHz 

UWB e.i.r.p. density 
Victim station 
characteristics 

Interference 
scenario UWB application Average 

(dBm / 
MHz) 

Spectral 
Line 

(dBm) 

Comments 

Indoor and Handheld 
(outdoor) 
communications, 
Vehicular radar 

−75.3 −85.3 

Ground-penetrating and 
wall-imaging radar, 
medical imaging 

−65.3 −75.3 

BW <  
960 MHz 

−65.3 −75.3 

Noise power 
density = −111.5  
dBm /MHz.  
0 dBi antenna 
gain 

Single interferer,  
2 m separation,  
E-911 operational 
scenario. 
Free space path 
loss. 
I/N =  
−3 dB 
 Through-

wall 
imaging BW >  

960 MHz 
−46.3 −56.3 

FCC R&O 02-48 notes an 
additional 0.2 dB decrease 
to align PSD values with 
other unlicensed devices in 
the US. Also assumed a  
−3 dB UWB uncertainty 
factor and −10 dB 
difference between noise-
like and CW interference 
(Note 1) 
(Note 5) 
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RNSS- GPS in 1 164 – 1 300 MHz and  1 559 - 1 610 MHz 

UWB e.i.r.p. density 
Victim station 
characteristics 

Interference 
scenario UWB application Average 

(dBm / 
MHz) 

Spectral 
Line 

(dBm) 

Comments 

  
Surveillance systems 

−53.3 −63.3 The spectral lines are 
measured within 1 KHz 
bandwidth. 

NOTE 1 – The device using UWB technology transmits continuously i.e., 100% activity factor. 
NOTE 5 – The assumptions used with similar methodologies to determine the impact of emission of UWB devices on 
RNSS systems are not based on similar considerations, and have resulted in different values.   
 
For I/N = -3 dB, the emission limits in the above table protect RNSS- GPS in 1 164 – 1 
300 MHz and 1 559 - 1 610 MHz from UWB single-entry interference. 

 
For the aggregate interference analysis, the link budget methodology was used. A 5% 
UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -13 dB); and 
an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 dB 
(resulting in – 6dB) were assumed. These assumptions result in +19 dB increase in e.i.r.p. 
or interference level which allows 80 UWB devices located in a ring around the victim 
receiver at the same minimum separation distance. It is almost certain that a higher device 
density would be blocked by multiple obstructions (e.g., multiple walls, roofs, trees, etc.) 
between interferers and the victim receivers. As a result, the impact of interference from 
multiple devices is negligible.  

 
Please also refer to Section A2.3 of the CSA for additional information on UWB 
compatibility with RNSS systems including Galileo. 

 
1.2.11.2  NASA Measurement of Man-made Spectrum Noise Floor Report CR-

2004-213551 
 
The Novatel’s submission also provides a NASA Report on noise floor test results and 
analyses (November 2004).  This report shows that the GPS noise floor is very delicate 
and that government regulations (restricted bands) are effective, which is operationally 
significant for safety-of-life systems like GPS. This report also shows test results and 
analyses of what happens to the noise floor in unlicensed bands such as 2.4 GHz.   
This report consolidates research carried out at Clemson University and Stanford 
University where a series of measurements were undertaken to identify the man-made 
radiation present in four bands used by rather different services, namely, L1 Band 
(1563.42 – 1587.42 MHz), the Unified S-Band (2025 – 2110 MHz), the 2.4 GHz 
Industrial, Scientific and Medical (ISM) Band (2400 – 2482.50 MHz), and the 23.6-24.0 
GHz Passive Sensing Band. Results show that there were distinctive differences in the 
measurement data in the frequency bands, which should be expected based on the 
function/regulation associated with each. The GPS L1 Band had little to no terrestrial 
man-made sources, but the ISM 2.4 GHz Band had a large number of man-made sources 
regardless of the site and the time. The Unified S Band showed mixed results depending 
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on the sites. The 23.6 -24 GHz Passive Sensing Band does not contain appreciable man-
made radiation. 
 
The Department notes that the measurement procedures, data analysis methods, and 
results on man-made radiation in the NTIA Report are sound and close to expectations in 
urban Canadian environments such as Toronto and Montreal. The man-made noise is 
much less in a rural Canadian environment such as the Canadian North. 
 

1.2.12 Radio Advisory Board of Canada (RABC) Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-rabc-comments-01.pdf/$FILE/smse00205-rabc-comments-
01.pdf 
 
This submission provides a table of maximum e.i.r.p. density of a single UWB device to 
protect several radiocommunication services based on submissions received at the 4th 
meeting of ITU-R TG 1/8 (2004).  

 
This RABC submission repeats views expressed in submissions received directly from 
some of the Board members. 
 

1.2.13  Short-range Automotive Radar Frequency Allocation 
Submission 

 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-sara-comments-01.pdf/$FILE/smse00205-sara-comments-
01.pdf 
 
This submission by the Short-range Automotive Radar Frequency Allocation (SARA) 
lists the benefits of UWB vehicular radar, and references FCC studies and decisions 
relevant to the protection of the passive sensing systems, fixed service, and radar speed 
meters around the 24 GHz band. The submission provides text on the benefits of UWB 
vehicular radar, and referenced FCC studies and decisions (as well as the European 
Commission decisions) relevant to the protection of the passive sensing systems, fixed 
service, and radar speed meters around the 24 GHz band.  In addition, SARA provides an 
IEEE journal study on interference from 24 GHz automotive radars to passive microwave 
earth remote sensing satellites (July 2004). 

 
SARA states that it is necessary to balance the proven societal value of weather satellites 
and RAS observations against potential traffic safety applications of vehicular radars. 
SARA also states that for measurements, it is important to take into account that 
vehicular radars in the real world environment are affected by clutter, scatter and 
highway signal obstructions. Assessments of vehicular radar must avoid the concept of an 
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imaginary highway without guard rails, berms, nearby bush or trees or any of the other 
normal obstructions that attenuate signals from vehicular radar. 
 
SARA states that passive sensing systems operate in the 23.6 – 24.0 GHz band, which is 
subject to the international Radio Regulation footnote 5.340 which prohibits “all 
emissions” in the specific band to protect passive services. Nevertheless, both Europe and 
the United States have concluded that the international rules do not bar UWB operation 
across this band, because Article 4.4 of the Radio Regulations also provides that non-
conforming operations are permissible on a non-interference basis. 
 
1.2.13.1 EESS Passive Band 23.6 - 24 GHz  

 
Please refer to the evaluation of the submission of the Meteorological Services of Canada 
in Section 1.2.8. 
 
1.2.13.2  Radio Astronomy Service in 24 GHz 
 
With respect to the RAS use of passive bands, SARA argued that RAS sites should be 
protected by normal reliance on radio quiet zones and the isolated location of RAS sites.  
SARA is not aware of the number of RAS sites in Canada that might rely on the 23.6 – 
24.0 GHz band, but it is very likely that the number or location of such sites is 
sufficiently limited that any additional regulatory parameter is not required. 
 
In Canada, the bands 22.21 – 22.5 GHz and 23.6 -24.0 GHz are allocated for Radio 
astronomy (RAS). The RAS sites in Canada are limited to 2 sites and these sites are 
located in geographical areas far from population and roads.  
 
The National Research Council's Algonquin Radio Observatory (ARO) is one of two 
major radio astronomy facilities in Canada where scientists study the sun, stars and 
distant galaxies in wavelengths beyond those of visible light. Begun in 1959, the 
Observatory is situated deep in Ontario's Algonquin Provincial Park, away from man-
made interference. The site contains a collection of instruments designed for research in 
several phases of radio astronomy: an array of 32 parabolic reflectors, each 3 m in 
diameter, scans the face of the sun every noon; nearby, a single 1.8 m dish monitors the 
whole solar disk at a wavelength of 10.7 cm; standing above these is the giant 46 m dish, 
built in 1966, to study radio sources far out in space. 
 
This Radio astronomy site is located "deep in the Algonquin Park" which covers about 
200 km by 200 km area and is surrounded by only very sparsely populated land.  The 
Park itself has a population of 10 people over the 40,000 km2 of land it encompasses.  
 
The Second RAS site in Canada is the Penticton site in British Colombia. As the figure 
below shows it is well isolated from roads and population. There are 10 homes at 2 km 
away but they are obstructed by natural terrain. 
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Since the number of RAS sites in Canada is limited and these sites are geographically 
isolated from population and roads, it can be seen that the impact of UWB interference is 
negligible at the levels adopted by the FCC.  
 
1.2.13.3  Fixed Service in the 22 – 29 GHz band 
 
The SARA submission states that the FCC analyzed the potential risk of interference 
from vehicular radar to all affected services and concluded the risk was minimal. UWB 
vehicular radar is also allowed in Europe. The European standards were developed to 
protect certain ITU Region 1 telecommunications services that are not totally analogous 
to Region 2. For example, a substantial concern in the European context was to protect 
Fixed Service use of Fixed microwave links used to transport mobile telephony traffic. 
ITU Region 1, and thus Europe, allocates the bands 24.45 –26.5 GHz to the Fixed Service 
on a primary basis, but a smaller part of these bands are allocated to FS in Region 2, so 
the European assessment is not totally relevant in Canada. 
It should be noted that the FS allocations are different between Region 1 and Region 2. 
The FS point-to-point systems in the 24.05 – 24.75 GHz band are licence-exempt in 
Canada and not protected as per RSS-210.  

 
The paired bands 21.8-22.4 GHz and 23.0-23.6 GHz are designated for point-to-point 
microwave systems. Due to the deployment scenario (roof tops of high-rise buildings or 
towers > 50 m) and the requirement of line-of-sight between the transmitter and receiver 
with a Fresnel zone clearance, and the narrow beams antenna patterns used, the risk of 
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UWB interference from an outdoor user at 1.5 m or an indoor user (12 dB wall 
attenuation) is negligible.  

 
The impact of UWB vehicular radars on LMCS systems in the 28 GHz band is analysed 
below. LMCS point-to-point systems have an average antenna height of more than 40 m 
above ground and very directive antenna pattern. In addition, the possibility of having a 
UWB vehicular radar interferer in the main beam between the two points of the link is 
zero. Consequently, due to the deployment scenario of P-to-P FS systems, the impact of 
UWB vehicular radar on LMCS point-to-point deployment is negligible. 
 
For LMCS point-to-multipoint (P-to-MP) FS deployments, the antenna of the customer 
premises equipment (CPE) is usually installed on the exterior of the house (roof or side-
wall). The CPE antenna is very directive and located at a height of about 10 m pointing 
slightly upward in the direction of the base-station. The base-station’s antenna height is 
usually more than 40 m above ground level and is tilted slightly downward to cover its 
service area. The CPE receives negligible interference from UWB vehicular radars 
because the energy of the latter falls into the side lobes of the CPE antenna pattern. 
However, it is a different story for the base-station, since its antenna is tilted downward, 
it may receive non-negligible interference from UWB vehicular radar. 
 
The tables below present the results of the impact study between an UWB vehicular radar 
and a LMCS base-station in a point-to-multipoint deployment scenario. It was assumed 
that the UWB vehicular radar is located in the main beam of the antenna of the LMCS 
base-station. The Department conducted its own analysis for different system 
characteristics of LMCS base-stations as given in Recommendation ITU-R F.758-4.  
 
 

2-way Asymmetric – FDD 
Parameters Department’s Analysis 

Frequency band (MHz) 28 000 
Victim Bandwidth (MHz) 7 
Victim Receiver Noise Figure (NF) (dB) 6.5 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -99.02 
Protection Ratio: I/N (dB) -6 
I max (dB) -105.02 
FCC UWB Emission Limit (dBm/MHz) -41.3 
Receiver Antenna Gain (dBi) 21 
Receiver antenna height above ground (m) 40 
Receiver Line Loss (dB) 0 
Free Space Path Loss (dB) 93.18 
Minimum Separation Distance (m) 38.87 
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2-way Asymmetric  TDD 
Parameters Department’s Analysis 

Frequency band (MHz) 28 000 
Victim Bandwidth (MHz) 50 
Victim Receiver Noise Figure (NF) (dB) 7 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -89.99 
Protection Ratio: I/N (dB) -6 
I max (dB) -95.99 
FCC UWB Emission Limit (dBm/MHz) -41.3 
Receiver Antenna Gain (dBi) 21 
Receiver antenna height above ground (m) 40 
Receiver Line Loss (dB) 0 
Free-space Path Loss (dB) 80.68 
Minimum Separation Distance (m) 36.69 
 
 
 

2-way Symmetric 
Parameters Department’s Analysis  

Frequency (MHz) 28 000 
Victim Bandwidth (MHz) 1.36 
Victim Receiver Noise Figure (NF) (dB) 7.5 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -105.14 
Protection Ratio: I/N (dB) -6 
I max (dB) -111.14 
FCC UWB Emission Limit (dBm/MHz) -41.3 
Receiver antenna height above ground (m) 40 
Receiver Antenna Gain (dBi) 15 
Receiver Line Loss (dB) 0 
Free Space Path Loss (dB) 86.18 
Minimum Separation Distance (m) 17.36 m 
 
 
 

2-way Asymmetric (TDMA) 
Parameters Department’s Analysis 

Frequency (MHz) 28 000 
Victim Bandwidth (MHz) 2.5 
Victim Receiver Noise Figure (NF) (dB) 7.5 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -102.50 
Protection Ratio: I/N (dB) -6 
I max (dB) -108.50 
FCC UWB Emission Limit (dBm/MHz) -41.3 
Receiver Antenna Gain (dBi) 15 
Receiver Line Loss (dB) 0 
Receiver antenna height above ground (m) 40 m 
Free Space Path Loss (dB) 86.18 
Minimum Separation Distance (m) 17.36 m 
 
 
 
 
 



 126

2-Way Symmetric 
Parameters Department’s Analysis  

Frequency (MHz) 28 000 
Victim Bandwidth (MHz) 1.36 
Victim Receiver Noise Figure (NF) (dB) 7.5 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -105.14 
Protection ratio: I/N (dB) -6 
I max (dB) -111.14 
FCC UWB Emission Limit (dBm/MHz) -41.3 
Receiver Antenna Gain (dBi) 24 
Receiver Line Loss (dB) 0 
Receiver antenna height above ground (m) 40 
Free Space Path Loss (dB) 95.18 
Minimum Separation Distance (m) 48.93 m 
 
 
 

2-way Asymmetric – TDMA 
Parameters Department’s Analysis 

Frequency (MHz) 28 000 
Victim Bandwidth (MHz) 2.5 
Victim Receiver Noise Figure (NF) (dB) 7.5 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -102.50 
I/N (dB) -6 
I max (dB) -108.50 
FCC UWB Emission Limit (dBm/MHz) -41.3 
Receiver Antenna Gain (dBi) 15 
Receiver Line Loss (dB) 0 
Receiver antenna height above ground (m) 40 
Free Space Path Loss (dB) 95.18 
Minimum Separation Distance (m) 48.93 m 
 
The range of the separation distance obtained is between 17.36 m to 48.93 m from a base-
station located at 40 m height above ground. The Department notes that UWB vehicular 
radar devices are usually mounted such that the bore-sight of the sensor is parallel to the 
horizontal plane resulting in angle discrimination of about 90 degrees at these distances. 
Thus the impact of UWB vehicular radars on the point-to-multipoint LMCS systems is 
negligible at these minimum separation distances.  

 
For other FS frequency bands, please refer to the Bell Mobility Alliance submission in 
Section 1.2.1 and the evaluation of Intel’s submission in Section 1.2.7. 
 
1.2.13.4  Radar Speed Meters in the 24.05 – 24.25 ISM Band 

 
The SARA submission states that it understands that some police speed detection radar 
units continue to operate at 24.150 GHz, although SARA has no information on how 
prevalent such usage is in Canada, or whether current usage relies on more recent radar 
units in higher bands from 33.4 GHz upwards. In any event, SARA and one EU Member 
State sponsored technical tests in Europe to determine the possibility for interference or 
false readings to radar speed meters from UWB 24 GHz vehicular radar. The results 
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showed there will be no significant problem. The European Commission concluded in its 
EC 24 GHz Decision that “the reliability of radar speed meter equipment will therefore 
not be affected by the operation of automotive short-range radar to any significant 
extent.” Put in concrete terms, vehicular radar were shown to create no risk of false speed 
measurements and the risk of harmful interference, i.e., blocking readings, was not 
measurable during laboratory and road tests due to the extremely low probability of 
occurrence. 

 
The Department notes that the bandwidth of the victim receiver in this case is 0.05 MHz 
i.e.; narrowband. The Department also notes that the SARA compatibility studies have 
been submitted to the certification bodies in France, UK and US which certified the UWB 
SRR sensor of concern. 

 
The band 24.0 - 24.25 GHz is an ISM band in Canada and radiocommunication services 
operating in this band are not protected. In addition, blocking speed meters readings were 
not measurable in the above laboratory and road tests. Therefore, the risk of UWB 
interference is negligible. 
 
1.2.13.5  Measurement of UWB Signals 

 
SARA submission expressed concerns with respect to measuring emissions, where the 
Department states that radiated UWB emissions are to be made based on power spectral 
density measurements in terms of e.i.r.p. per one MHz spectral segments. The 
measurement is to be based on the use of a spectrum analyzer employing a 10 kHz 
integration bandwidth. If the transmission is in bursts, measurements are to be made over 
any 100 millisecond period or over the burst duration if the burst is shorter than 100 
milliseconds, during which its power value is at its maximum.  
 

1.2.14  Satellite Industry Association Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-sia-comments-01.pdf/$FILE/smse00205-sia-comments-01.pdf 
 
This submission addresses UWB power limits and other measures intended to protect 
authorized radiocommunication services. It also attaches two studies: a United Kingdom 
document submitted to ITU-R TG 1/8 (June 2004), and the ECC final report on 
harmonized radio spectrum for UWB in the European Union. This submission also cites 
several studies on the protection of the FSS downlink:  compatibility studies between 
UWB and FSS submitted to ITU-R TG 1/8, and a table of maximum off-axis UWB 
e.i.r.p. density to ensure protection of the FSS downlink as per the ITU-R and CEPT 
studies at the time of submitting SIA comments, and text on the protection of EESS 
(passive) in the 23.6 – 24 GHz band. 

 
This submission echoes issues raised in the Telesat, Globalstar, and the Canadian 
Satellite and Space Industry Forum (CSSIF) submissions.  
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1.2.14.1 Harmful interference is not acceptable 
 

In this submission, SIA cautions Industry Canada on the use of “harmful interference” as 
a benchmark to define the conditions for introducing additional spectrum sharing in 
licensed bands. 

 
The Department’s Evaluation and Conclusion 

 
The Department notes that some other submissions to the UWB Consultation Paper 
included proposals to use “acceptable” and not “harmful” interference level; use 
“maximum permissible” interference and not “harmful” interference level; and to use 
allowed interference level from ITU-R recommendations that define protection criteria 
from non-allocated interference sources.  

 
The interference protection level is a critical factor in determining inter-system 
interference. The thermal noise floor of the FSS receiver can be calculated by, N = 10 * 
log (kTB), where T = system noise temperature in kelvins (K), B is the receiver 
bandwidth in hertz (Hz), and k is the Boltzmann’s constant of 1.38 x 10-23 W/Hz/K. 
Given N, then the interference protection level is set for a specific I/N value.  
 
1.2.14.2  FSS C-Band Downlinks in 3 500 - 4 200 MHz  
 
The SIA summarizes the findings of several studies conducted in the ITU and in CEPT 
regarding the protection of C-band FSS earth stations. This submission states that all 
these studies have initially assumed that each UWB device is radiating -41.3 dBm/MHz 
and have concluded that for a wide range of values assigned to other parameters (e.g., 
UWB density and geographic distribution), the I/N value of -20 dB is significantly 
exceeded.  The SIA is of the view that if an I/N of -20 dB is exceeded by 20 to 30 dB, 
this means that in order to provide adequate protection to the FSS the permitted e.i.r.p. 
density should be reduced accordingly by 20 or 30 dB. 
 
The SIA submission states that the aggregate interference analysis contained in the 
United Kingdom document submitted to the June 2004 Meeting of Task Group 1/8 has 
shown that, for a wide range of parameters characterizing the interference environment, 
I/N significantly exceeds -20 dB for large percentages of time.  Also, depending on the 
specific assumptions used, the I/N value of -20dB can be exceeded by as much as 30 dB, 
even if only indoor UWB devices are considered.  The UK document thus recommends 
an UWB e.i.r.p. of -71.3 dBm/MHz. 
 
This submission also states the tentative conclusions of Task Group 1/8, that in order to 
protect FSS systems to the level corresponding to an I/N of -20 dB, the e.i.r.p. for each 
UWB device should be limited to: -53 dBm./MHz (rural environment associated with a 
density of 5 active devices/km2 and an exclusion zone of 100 m); -66 dBm/MHz (semi-
urban environment associated with a density of 50 active devices/km2 and an exclusion 
zone 50 m); and -77 dBm/MHz (urban associated with a density of 500 active 
devices/km2 and an exclusion zone of 10 m).  These tentative conclusions coincide with 
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conclusions from a comprehensive report from the ECC.  The submission states that the 
ECC has also produced a final report to the European Commission (EC) in response to a 
mandate on UWB where it proposes an interim solution of -55 dBm/MHz.  All these 
studies agree that the 0 dB I/N ratio underlying the FCC’s standards is too high, and that 
the -41.3 dBm/MHz e.i.r.p limit adopted by the FCC for UWB devices is too short of 
what is required to protect C-band downlinks. SIA opposes an emission mask of -41.3 
dBm/MHz in the 3500 – 4200 MHz band and suggests -65 dBm/MHz as an emission 
limit for UWB devices in this band. 
 
The Department’s Evaluation and Conclusion 
 
The Department has performed its own interference analysis for the licensed Telesat FSS 
earth stations operating in the C-band in Section 1.2.15.  The analysis shows that with a 
protection criterion of I/N = -6 dB, a few of the sampled FSS earth stations may require 
UWB e.i.r.p. density lower than -41.3 dBm/MHz by up to 5 dB. 
 
On the basis that this is a worst case analysis noting that these few stations are located in 
remote and sparsely populated areas, the Department concludes that interference is 
extremely unlikely in these cases. 
 
1.2.14.3  EESS Passive Band 23.6-24 GHz  
 
SIA addresses the potential of UWB vehicular radar operation in the 22 -29 GHz band 
and its impact on the 23.6 - 24 GHz EESS (passive) band and on polar-orbiting 
operational environmental satellite systems.  

 
Please refer to the evaluation of the submission of the Meteorological Services of Canada 
in Section 1.2.8. 
 

1.2.15  Telesat Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-telesat-comments-01.pdf/$FILE/smse00205-telesat-comments-
01.pdf 
 
This submission provides views on interference control, protection criteria for FSS, 
harmful interference, and protection requirements of the C-band FSS earth stations based 
on studies submitted up to the 4th meeting of the ITU-R TG 1/8. Telesat in general 
supports the material provided in the responses of the Radio Advisory Board of Canada 
(RABC) and the Canadian Satellite and Space Industry Forum (CSSIF). 
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1.2.15.1  C-band 3700-4200 MHz FSS 
 
The Telesat submission states that the C-band downlink of 3700-4200 MHz falls within 
the 3500-4400 MHz restricted band in Canada, so that intentional emissions from licence-
exempt devices are currently prohibited in that frequency band.  
 
1.2.15.2 Technical Study for 3700-4200 MHz FSS Downlinks 

 
The Telesat submission states that a summary of the ITU-R compatibility studies is 
available in Annex 5 of Document 1-8/256, “the Impact Report”, wherein the aggregate 
I/N values for a number of studies conducted by TG 1/8 for FSS within the 3650 – 4200 
MHz bands have been reproduced in this submission. The table shows that I/N values for 
all the studies are far greater than the protection criterion of I/N = -20 dB established by 
WP 4A.  

 
Telesat believes that the FCC did not adopt an appropriate protection criterion for the 
victim service.  Based upon a protection criterion of I/N = 0 dB (equivalent to 100% 
increase in the thermal noise floor), the FCC recommends an average density value of -
41.3 dBm/MHz for commercial UWB devices operating in the C-band (3700-4200 MHz).  
ITU-R WP 4A, however, has defined the FSS protection criterion as I/N = -20 dB20 
(equivalent to 1% increase in the thermal noise floor), which Telesat supports. Based on 
ITU-R calculations for the aggregate interference analysis, Telesat states that the 
maximum UWB emission levels should be limited to some value in the range of -54.9 to -
74.3 dBm/MHz, depending upon an interpretation of the most appropriate set of 
parameters on which to base a ruling. Greater specificity would require further study. 
 
The Department’s Evaluation and Conclusion 
 
Within the ITU-R TG 1/8 studies, an antenna pattern of 32 – 25 log θ is used, whereas the 
Department uses the more accurate pattern of 29 – 25 log θ (typical of an exact pattern of 
a modern earth station). The Department’s analysis considers the protection protection 
criterion of I/N = -6 dB.   This I/N is effectively a 1dB increase in the noise floor.21 
Satellite systems usually employ fade margins greater than 1dB to account for 
interference and propagation events such as rain fade.  The Department’s calculations 
also consider a FSS earth station system temperature of 100°K and an additional 
attenuation due to height differences between the Earth station’s (ES) antenna and the 
UWB interferer. 

 
Based on a search of the ALS database, Telesat has about 90 licensed receive earth 
stations across Canada, operating in the critical C-band.  Of these stations, 50% are 
located in a rural area, 7% are located in a rural area near a suburban sector, 7% are 

                                                 
20 Considering the impact of an exclusion zone. 
21 N here represents the thermal noise floor of the receiver, N = 10 * log (kTB) + NF, where T = 

noise temperature in kelvins (K), B is the receiver bandwidth in hertz (Hz), k is the 
Boltzmann’s constant of 1.38 x 10-23 W/Hz/K, and NF = noise figure in dB. 
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located in a suburban area, 27% are located in a semi-urban (industrial) area, and 9% are 
located in an urban area (large city). 

 
A sample of 29 of the 90 licensed earth stations is studied with a single interferer active at 
100% of time and located at a minimum separation distance from the victim receiver.  
Below are sample studies of the Telesat earth stations: 
 
Inuvik, NT (68°21'19.00"N, 133°43'39.14"W) 
 

 
 

Department’s Analysis for a worst-case single outdoor interferer active at 100% of time 

C-Band FSS Earth Station Case 1 Case 2 

Single interferer distance 62.43 m 56.83 m 

ES antenna height 5 m 5 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 11.3 degrees 11.3 degrees 

UWB elevation offset from the ES mainbeam 14.33 degrees 14.62 degrees 

ES Azimuth angle 155.8 degrees 155.8 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 138.8 degrees 

UWB off-axis angle (θ) 1 14.33 degrees > 48 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ 0.09 dBi -13 dBi 2 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 4130 MHz 4130 MHz 

Free-space path loss -80.67 dB -79.86 dB 
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Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria : I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Acceptable Tx power spectral density -44.02 dBm/MHz -31.74 dBm/MHz 

FCC e.i.r.p. density Limit  -41.3 dBm/MHz -41.3 dBm/MHz 

Service Sufficiently Protected at FCC limit(s)? NO by 2.72 dB YES by 9.56 dB 

1. Please refer to Appendix for derivation. 
2. The interferer at 56.83 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 

48° offset from the antenna’s direction. 

 
In addition, there is a fence between the victim receiver and the case-1 interferer which 
further reduces the interference level (see Figure). Thus the risk of single-entry UWB 
interference (active at 100%) to the above earth station is negligible at an UWB e.i.r.p 
density of -41.3 dBm/MHz.  
 
For the aggregate interference analysis, the link budget methodology was used as well as 
a 5% UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -13 dB), 
and an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 dB 
(resulting in – 6dB). The UWB devices were assumed to be located in the worst locations 
(See Figures) around the victim receiver at the same minimum separation distance as 
case-1. This 19 dB with the margin from the above table results in +16.28 dB increase in 
interference level which allows 42 UWB devices active simultaneously. A higher UWB 
device density would result in some devices being blocked by multiple obstructions (e.g., 
multiple walls, roofs, trees, etc.) between interferers and the victim receivers. As a result, 
the impact of interference from multiple devices is negligible.  
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Iqaluit, NU (63°44'57.48"N, 68°31'19.50"W) 
 

 
 
 

Department’s Analysis for a worst-case single outdoor interferer active at 100% of time 

C-Band FSS Earth Station Case 1 Case 2 Case 3 

Single-interferer distance 52.47 m 40.32 m 17.49 m 

ES antenna height 4 m 4 m 4 m 

UWB device height 1.7 m 1.7 m 1.7 m 

ES Elevation angle (α) 10.5 degrees 10.5 degrees 10.5 degrees 

UWB elevation offset from the ES mainbeam 13.01 degrees 13.76 degrees 17.99 degrees 

ES Azimuth angle 225.7 degrees 225.7 degrees 225.7 degrees 

UWB azimuth offset angle (φ) from the ES 
mainbeam 0 degrees 45 degrees 114 degrees 

UWB off-axis angle (θ) 1  13.01 degrees 46.86 degrees > 48 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ 1.14 dBi -12.77 dBi -13 dBi 2 

UWB activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 

Frequency 4120 MHz 4120 MHz 4120 MHz 

Free-space path loss -79.14 dB -76.86 dB -69.6 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 

Required Tx power spectral density -46.6 dBm/MHz -34.97 dBm/MHz -42.0 dBm/MHz 
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FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Service Sufficiently Protected at FCC 
limit(s)? 

NO by  5.3 dB YES by 6.33 dB YES by 0.7 dB 

1. Please refer to Appendix for derivation. 
2. The interferer at 17.49 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 

 
In the above calculations, it was assumed that the case-1 interferer be located outdoors. 
Emissions from an indoor UWB interferer (most likely scenario – See Figure) would be 
subject to a wall attenuation of 12 dB. The earth-station antenna height exceeds 4m 
(where the 4m is derived from the ALS database) since the antenna covers parts of the 
roof of the house. In addition, the distances used in propagation calculations are for the 
horizontal plane and thus are conservative. UWB activity factor and user mobility further 
reduce the risk of interference. All these factors would reduce the risk of harmful 
interference to the above earth station. 
 
For the aggregate interference analysis at the Iqaluit earth station, the link budget 
methodology was applied. A 5% UWB activity factor as per Recommendation ITU-R 
SM.1755 (resulting in -13 dB); and an indoor : outdoor UWB device ratio of 80 : 20 with 
a wall attenuation of 12 dB (resulting in – 6dB) were assumed. A scenario of multiple 
UWB devices in the worst locations round the victim receiver at the same minimum 
separation distance was also assumed. This 19 dB with the negative margin from the 
above table results in +13.7 dB increase in interference which allows 23 UWB devices 
active simultaneously. As a result, the impact of interference from multiple devices is 
negligible.  
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Quaqtaq, QB (61° 2'48.35"N, 69°37'55.91"W) 
 

 
 

 
Department’s Analysis for a worst-case single outdoor interferer active at 100% of time 

C-Band FSS Earth Station Case 1 Case 2 Case 3 

Single-interferer distance 72.59 m 61.28 m 14.69 m 

ES antenna height 4 m 4 m 4 m 

UWB device height 1.7 m 1.7 m 1.7 m 

ES Elevation angle (α) 10.5 degrees 10.5 degrees 10.5 degrees 

UWB elevation offset from the ES 
mainbeam 12.31 degrees 12.65 degrees 19.4 degrees 

ES Azimuth angle 225.3 degrees 225.3 degrees 225.3 degrees 

UWB azimuth offset angle (φ) from 
the ES mainbeam 5 degrees 45 degrees 75 degrees 

UWB off-axis angle (θ) 1 13.28 degrees 46.53 degrees > 48 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ 0.92 dBi -12.69 dBi -13 dBi 2 

UWB activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 

Frequency 3760 MHz 3760 MHz 3760 MHz 

Free-space path loss -81.17 dB -79.7 dB -67.29 dB 
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Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 

Required Tx power spectral density -44.35 dBm/MHz -32.21 dBm/MHz -44.31 dBm/MHz 

FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 

Service Sufficiently Protected at 
FCC limit(s)? 

NO by 3.05 dB Yes by 9.09 dB NO by 3.01 dB 

1. Please refer to Appendix for derivation. 
2. The interferer at14.69 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 

 
In the above calculations, the interferers were assumed to be located outdoors, and an 
UWB indoor interferer would be subject to wall attenuation of 12 dB.  
 
For the aggregate interference analysis, the link budget methodology was used. A 5% 
UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -13 dB); and 
an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 dB 
(resulting in – 6dB) was assumed. A scenario of multiple UWB devices in the worst 
locations (See Figure) round the victim receiver at the same minimum separation distance 
was also assumed. This 19 dB with the negative margin from the above table results in 
+15.95 dB increase in interference which allows 39 UWB devices active simulatneously. 
As a result, the impact of interference from multiple devices is negligible.  
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Iqaluit, NU (63°44'25.15"N, 68°27'53.70"W) 
 

 
 
 

Department’s Analysis for a worst-case single outdoor interferer active at 100% of time 

C-Band FSS Earth Station Frequency 1 Frequency 2 

Single interferer distance 31.28 m 31.28 m 

ES antenna height 5.52 m 1 5.52 m 1 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 11.6 degrees 11.6 degrees 

UWB elevation offset from the ES mainbeam 18.56 degrees 18.56 degrees 

ES Azimuth angle 222 degrees 222 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 13 degrees 13 degrees 

UWB off-axis angle (θ) 2 22.62 degrees 22.27 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -4.86 dBi -4.69 dBi 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 3723.675 MHz 3725.325 MHz 
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Free-space path loss -73.77 dB -73.78 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required Tx power spectral density -45.97 dBm/MHz -45.96 dBm/MHz 

FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz 

Service Sufficiently Protected at FCC limit(s)? 
No by 4.66 dB 

(Unlikely event - See 
text below) 

No by 4.66 dB 
(Unlikely event - See 

text below) 

1. This includes the elevation difference of 1.52 m between the interferer and the victim antenna site locations. 
2. Please refer to Appendix for derivation. 

 
The Department notes from the above picture that the earth station is located in a rural 
remote area where UWB interference could originate from a user driving/stopping on the 
near-by road. In addition, there is a fence between the victim receiver and the interferer 
which further reduces the interference level (see Figure). Considering these factors, the 
risk from a harmful interference to the above earth station is negligible.  
 
Using data from the ALS database (station coordinates, antenna height above ground and 
antenna gain) and satellite pictures of site locations (interference scenarios, minimum 
interfering distance), a deterministic worst-case single interferer analysis was performed 
on the listed sites (See Annex-2). A summary of these analyses is given in the following 
table. 
 

Evaluation of other Telesat earth stations operating in the C-band 
 

Earth Station Location Station/ 
Freq. 

Latitude 
(degrees) 

Longitude 
(degrees) 

Acceptable UWB 
E.I.R.P (dBm/MHz) 

Gloucester, ON 1 45.4281 -75.6022 -35.24 
 2 45.4275 -75.6022 -35.47 
 3 45.4275 -75.6022 -35.26 
Ottawa, ON 1 45.4028 -75.7392 -35.19 
 2 45.4028 -75.7392 -35.26 
Toronto, ON 1 43.6525 -79.3236 -34.67 
 2 43.6525 -79.3236 -32.80 
 3 43.6525 -79.3236 -32.62 
 4 43.6525 -79.3236 -32.62 
 5 43.7631 -79.4064 -31.77 
Harriestfield, ON 1 44.5556 -63.6469 -12.23 
Vancouver, BC 1 49.2694 -123.0930 -39.37 
Calgary, AB 1 51.0528 -114.0161 -38.67 
Kuujjuaq, QC 1 58.1089 -68.4083 -40.50 
Inukjuak, QC 1 58.4525 -78.1078 -39.20 
Salluit, QC 1 62.2028 -75.6386 -36.02 
Goose Bay, NF 1 53.3039 -60.4119 -34.74 
Iqaluit, NU 1 63.7394 -68.5564 -22.80 
 2 63.7394 -68.5564 -22.76 
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 3 63.7394 -68.5564 -22.72 
Montreal, QC 1 45.5225 -73.5503 -41.74 
 2 45.5225 -73.5503 -35.09 
 3 45.5225 -73.5503 -35.31 
 4 45.5225 -73.5503 -39.18 
 5 45.5225 -73.5503 -36.51 
 6 45.5225 -73.5503 -42.11 

 
Based on the above summary table for a worst-case single-entry interferer with 100% 
activity factor and I/N = - 6 dB, an UWB e.i.r.p. density of -41.3 dBm/MHz protects the 
listed C-band FSS earth stations receivers.  

 
For the aggregate interference analysis to the earth stations in the summary table, the link 
budget methodology was used. A 5% UWB activity factor as per Recommendation ITU-
R SM.1755 (resulting in -13 dB); and an indoor : outdoor UWB device ratio of 80 : 20 
with a wall attenuation of 12 dB (resulting in – 6dB) were assumed. A scenario of 
multiple (N) UWB devices in the worst locations (See Figures in Annex-2) around the 
victim receiver at the same minimum separation distance was also assumed. Due to the 
safety margin in the single-entry analysis, the aggregate interference scenario with UWB 
devices active at 5% of time, the impact of interference from multiple devices is 
negligible for a maximum of 65 UWB devices active simultaneously for all Earth station 
locations in the summary table above. 

 
Based on all of the assessments for a worst-case single-entry interferer with 100% 
activity factor and an I/N = - 6 dB, an UWB e.i.r.p. density of -41.3 dBm/MHz would 
potentially create a worst-scenario single-entry interference for 6 licensed C-band FSS 
earth stations. .   
 
On the basis that this is a worst case analysis and noting that these few stations are 
located in remote and sparsely populated areas the, Department concludes that 
interference is extremely unlikely in these cases. 
 

1.2.16  World Meteorological Organization Submission 
 
Link to submission document: http://strategis.ic.gc.ca/epic/internet/insmt-
gst.nsf/vwapj/smse00205-wmo-comments-01.pdf/$FILE/smse00205-wmo-comments-
01.pdf 
 
This submission provides text on the UWB situation within CEPT, studies submitted by 
the U.S. to ITU-R TG 1/8, UWB requirements, specific comments related to the 
meteorological radar service in the 2.8 GHz, 5.6 GHz, and 9.4 GHz bands, EESS in the 
24 GHz band, EESS passive in the 1.4 GHz and 10.6 GHz bands, EESS and 
meteorological satellites (METSAT) in the 2 GHz, 7.8 GHz, and 8 GHz bands, and the 
text of Resolution 3 (CG-XIV) on radio frequencies for meteorological and related 
environmental activities. 
 



 140

1.2.16.1  Meteorological Radar in 2700-2900 MHz 
 

This submission states that the European and ITU-R compatibility studies have concluded 
on the following necessary maximum power levels to protect meteorological radars: for 
Imaging applications (low density) = –51 dBm/MHz, for Telecommunication (indoor) =  
–61 dBm/MHz, and for Telecommunication (outdoor) =  –71 dBm/MHz. These levels are 
roughly 10 dB below the current U.S. emission limits. 

 
It should be noted that the above cited ITU-R results are for specific assumptions and 
technical parameters. Please refer to the evaluation of the submission of the 
Meteorological Services of Canada in Section 1.2.8 relevant to this issue. 
 

1.2.16.2  Doppler Radar in 5600-5650 MHz 
 

This submission states that the ITU-R compatibility studies have concluded on the 
following necessary maximum power levels to protect meteorological radars: for Imaging 
applications (low density) = –51 dBm/MHz, and for Telecommunication (indoor) =  –65 
dBm/MHz.. These levels are respectively 10 dB and 24 dB below the current U.S. 
emission limits. WMO is hence of the view that UWB applications should not be 
authorised to transmit in the 5 GHz range in order to avoid interference from UWB as 
well as an indirect impact from RLAN.  
 
Please refer to the evaluation of the submission of the Meteorological Services of Canada 
in Section 1.2.8 relevant to this issue. 
 

1.2.16.3  Meteorological Radar in 9300-9500 MHz 
 
This submission states that the ITU-R compatibility studies have concluded that the 
following necessary maximum power levels to protect meteorological radars: for imaging 
applications (low density) = –54 dBm/MHz, and for Telecommunication (indoor) =  –61 
dBm/MHz. These levels are respectively 13 dB and 20 dB below the current U.S. 
emission limits.  
 
Please refer to the evaluation of the submission of the Meteorological Services of Canada 
in Section 1.2.8 relevant to this issue. 

 

1.2.16.4  Earth Exploration Satellite Service (EESS) 
 

This submission states that technical studies presented and agreed within ITU-R TG 1/8 
all show that UWB devices, either generic or short-range-radar (SRR) at 24 GHz, are not 
compatible with passive measurements, presenting very large negative margins. 
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An examination of the ITU-R cited results which have been reached under specific 
assumptions was undertaken by the Department. These calculations were redone with 
parameters that are representative of the Canadian environment. Please refer to the 
evaluation of the submission of the Meteorological Services of Canada in Section 1.2.8 
relevant to EESS in the 23.6 – 24 GHz band. 
 
1.2.16.5  Protection of the Passive Bands of Radio Regulations Footnote 5.340  

 

WMO is of the view that Radio Regulations (RR) footnote 5.340 provisions should be 
applied in full and that UWB should not be authorised in passive bands. 

 
It should be noted that some countries including the US and European countries have 
allowed UWB in the bands of ITU-R Radio Regulations footnote 5.340. Please refer to 
the evaluation of the submission of the Meteorological Services of Canada in Section 
1.2.8 relevant to this issue. 
 

1.3 EVALUATION OF UNDER-REPRESENTED SERVICES AND 
LOW DUTY CYCLE DEVICES  
 
This section studies the following under-represented services: public safety, mobile 
landing systems and radio altimeters. It also evaluates low duty cycle applications. 
 

1.3.1 Microwave Landing System (MLS) at 5 GHz 
 
In this section the Department evaluated the potential impact of UWB on MLS equipment 
used at airports, although no public comments were received on this issue in response to 
the UWB Consultation paper. The band 5000-5150 MHz is allocated for MLS which 
currently operates on 200 channels in the frequency band 5030-5091 MHz. 
 

UWB and MLS Analysis Parameters 
Parameter Value 

Maximum permissible interference (Imax) -134 dBm/MHz for I/N = - 22 dB 
MLS Receiver Loss 5 dB 
MLS Rx Maximum Antenna Gain 5 dBi 
Reference UWB EIRP Level -41.3 dBm/MHz 
UWB Antenna Height 2 m 
Minimum Aircraft Height 30 m 
 
The maximum permitted UWB e.i.r.p. density level is determined using the following 
equation: 
 

EIRPmax = Imax - Gr(Ө) + Lp + Lr 
 
where: 
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EIRPmax = the maximum permitted EIRP of the UWB device (dBm/MHz) 
Imax = the maximum permissible UWB interference level at the MLS receive 

input (dBm/MHz) 
Gr(Ө) = the MLS receiver elevation pattern antenna gain in the direction of the 

UWB device (dBi) 
Lp = the free space propagation loss between UWB and MLS antennas (dB) 
Lr = the MLS insertion loss (dB) 
 
The antenna gain is determined as a function of relative heights of the MLS and UWB 
devices. This approach provides a more accurate estimation of the MLS received power 
level from the UWB device than an estimate using the main beam gain of the receiver. 
 

Maximum UWB EIRP in Function of Distance
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The above curve shows that at a minimum distance of 28 m the maximum permitted 
UWB EIRP is -56.6 dBm/MHz. For an outdoor UWB communication device with an 
e.i.r.p. density of -41.3 dBm/MHz, the minimum separation distance is around 150 m. 
The UWB interferer in this case will not be on the runway but either indoors in a terminal 
building (12 dB wall attenuation) which is usually more than 150 m from the runway. 

 
For the aggregate interference analysis at I/N = -22 dB, the link budget methodology was 
used.  A 5% UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -
13 dB); and an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 
dB (resulting in – 6dB) was assumed. This level, coupled with the margin from the above 
table results in +31 dB increase in e.i.r.p. or similarly in an interference level which 
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allows 1259 UWB devices active simultaneously located at 150m from the victim 
receiver. As a result, the impact of interference from multiple devices is negligible.  
 
Based on the above assessments, the MLS in 5030-5091 MHz is protected (at I/N = -22 
dB) from interference at an UWB e.i.r.p. density of -41.3 dBm/MHz (FCC limit).  
 

1.3.2 Public Safety Networks at 4.9 GHz 
 
In this section the Department evaluated the potential impact of UWB on Public Safety 
subscriber units at 4940 – 4990 MHz, although no public comments were received on this 
issue in response to the UWB Consultation Paper.  The Department considered two 
scenarios: the first is for the impact of an UWB device on a public safety handheld 
device, and the second is for the impact of an UWB device on a public safety access-
point mounted on a lamp post at 10 m high. The evaluation results are given below. 
 
1.3.2.1  Impact of UWB device on a Public Safety hand-held device 
 
This table calculates the minimum separation distance from an outdoor UWB device 
operating at e.i.r.p. density of -41.3 dBm/MHz at 100% of time. 

 
Department’s analysis for a single UWB device active at 100% of time interfering with a Public Safety 

hand-held unit 
Parameter Department’s Analysis 

Frequency  4965 MHz 
Receiver Bandwidth  20 MHz 
Receiver Noise Figure  7 dB 
Victim Receiver Thermal Noise ( KTB + NF) -93.96 dBm 
I/N  -6 dB 
I max (dBm) -99.96 
UWB e.i.r.p. density limit  -41.3 dBm/MHz 
Receiver Antenna Gain  (Omni directional) 2 dBi 
Receiver Line Loss 0 dB 
Free-space path loss  73.68 dB 
Minimum Separation Distance  23.22 m 

 
The following table evaluates the required UWB e.i.r.p. level for a minimum separation 
distance of 1 m between the UWB device and the public safety hand-held unit. 

 
Department’s analysis for a single UWB device active at 100% of time interfering with a Public Safety 

hand-held unit 
Parameter Department’s Analysis 

Frequency  4965 MHz 
Minimum Channel Bandwidth 20 MHz 
Thermal Noise (KTB) -114 dBm/ MHz 
Noise Figure 7 dB 
Receiver Noise (KTB + NF)  -107 dBm/MHz 
I/N -6 dB 
Allowable interference level from UWB device at Public Safety Handheld Unit -113 dBm/MHz 
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Minimum separation distance between Public Safety Unit and the UWB device 1 m  
Free space loss at 1 m and 4965 MHz 46.4 dB  
Maximum Antenna Gain of Public Safety Handheld Unit (Omni directional) 2 dBi 
Received Power at 1 m and 4965 MHz -85.7 dBm/MHz 
UWB activity factor 100% (0 dB) 
Required e.i.r.p. density limit at 1 m  -68.6 dBm/MHz 
FCC UWB limit  -41.3 dBm/ MHz 
 
For a similar interference scenario as in the above table but with an indoor UWB device 
separated from the PS receiver by one wall (with an average wall attenuation of 12 dB), 
the UWB acceptable maximum average e.i.r.p. density is – 56.6 dBm/MHz.  
 
1.3.2.2  Impact of a UWB device on a Public Safety access-point 
 
The table below calculates the minimum separation distance for an outdoor UWB device 
operating at an e.i.r.p. density of -41.3 dBm/MHz. The public safety access-point is 
installed on a lamp post at 11.5m above ground level. The UWB antenna height is 
assumed to be 1.5 m 

 
Department’s analysis for a single UWB device active at 100% of time interfering with a Public Safety 

access-point 
Parameter Department’s Analysis 

Frequency  4965 MHz 
Victim Bandwidth  10 MHz 
Victim Receiver Noise Figure  7 dB 
Victim Receiver Thermal Noise ( KTB + NF)  -96.98 dBm 
I/N -6 dB 
I max -102.98 dBm 
FCC UWB Emission Limit  -41.3 dBm/MHz 
Maximum Receiver Antenna Gain (Omni directional)  11 dBi 
Receiver Line Loss 0 dB 
Free-Space Path Loss  82.68 dB 
Minimum separation distance  65.44 m  
 
The following table calculates the required UWB e.i.r.p. level for a minimum separation 
distance of 10 m between the UWB device and the public safety access-point at 11.5 m 
above ground level. The UWB antenna height is assumed to be 1.5 m. 

 
Department’s Analysis for a single UWB device active at 100% of time interfering with a Public Safety 

access-point 
Parameter Department’s Analysis 

Frequency  4965 MHz 
Minimum Channel Bandwidth 10 MHz 
Thermal Noise (KTB) -114 dBm/ MHz 
Noise Figure (NF) 7 
Receiver Noise (KTB + NF) -107 dBm/MHz 
I/N -6 dB 
Allowable interference level from UWB device at Public Safety access-point -113 dBm/MHz 
UWB device Antenna Height 1.5 m 
Public Safety Access-Point antenna height 11.5 m 
Minimum separation distance between the PS Access-Point and UWB device 10 m  
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Free space loss at 10 m and 4965 MHz 66.4 dB 
Maximum Antenna Gain of Public Safety Access-Point (Omni directional) 11 dBi 
Received Power at 10 m and 4965 MHz -96.7 dBm/MHz 
UWB activity factor 100% (0 dB) 
Required e.i.r.p. density limit at 10 m and 4965 MHz -57.6 dBm/MHz 
FCC UWB limit at 4965 GHz -41.3 dBm/ MHz 
 
From the above table, the Public Safety access-point requires an e.i.r.p. density limit of – 
57.6 dBm/MHz for an outdoor device which is lower than the FCC limit by 16.3 dB.  

 
For a similar interference scenario as in the above table but with an indoor UWB device 
separated from the PS receiver by one wall (with an average wall attenuation of 12 dB), 
the UWB acceptable maximum average e.i.r.p. density is – 45.6 dBm/MHz.  

 
Based on the above two assessments of the PS access-point and a hand-held unit, the 
Public Safety subscriber unit is more vulnerable to single-entry UWB interference than 
the access-point. 
  
In both cases, the handheld UWB device will interfere with the operation of the Public 
Safety receivers.  The Department notes that this is a rare occurrence since the receiver is 
operating at the very edge of coverage at a sensitivity of -107 dBm/MHz, and the 
handheld device does not continually transmit.  PS receivers operating at a sensitivity of -
90 dBm/MHz, which is still very low, would ignore the effects of the UWB interferer 
entirely. 
 

1.3.3  Low Duty Cycle Communication Devices 
 
 Low Duty Cycle (LDC) UWB applications such as monitoring sensor networks and 
object/person location applications are foreseen to be used in home, office or industrial 
environments to support accurate geo-localization. UWB LDC devices can be split into 
two categories: 
 

Fixed Nodes: a very limited number of nodes in a sensor network will be 
“Anchor” nodes to serve as a reference for geo-localization and “Access points” for 
collecting data and coordinating the network. Those nodes will mostly be wall-mounted 
and fixed (an anchor is a reference for localization and so can not be moved in the room), 
thus it is very unlikely that such a transceiver will get close (< 1m) to a laptop computer, 
or other potential victim receivers. 
 

Mobile Nodes: these are tag transceivers attached to an asset, person or system to 
be tracked or monitored. Those transceivers are self-powered and usually keep their 
emission levels as low as possible in order to maximize battery life. 
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1.3.3.1  Definitions 
 
For the purpose of LDC UWB communication devices the following definitions are used: 
 

Duty cycle: The ratio, expressed as a percentage, of the transmitter “on” time 
relative to a given period. 
Impulse: A surge of unidirectional polarity that is often used to excite a UWB 
band limiting filter whose output, when radiated, is a UWB pulse. 
Pulse: A radiated short transient UWB signal whose time duration is nominally 
the reciprocal of its UWB –10 dB bandwidth.  
Burst: An emitted signal whose time duration is not related to its bandwidth. 
Ton:  The duration of a burst irrespective of the number of pulses contained. 
Toff: The time interval between two consecutive bursts when the UWB emission 
is kept idle. 

 
The Department’s Evaluation and Conclusion 
 
In this Section a further evaluation is conducted on the European Report 94 of CEPT 
“ECC Report on Technical Requirements for UWB LDC Devices to Ensure the 
Protection of FWA Systems” and the relevant CEPT decision on LDC UWB devices in 
3.4 – 4.8 GHz (December 2006). Report 94 includes test measurements to assess the 
impact of LDC UWB communication devices on indoor FWA/WiMAX equipment at 3.5 
GHz.  

 
CEPT Report 94 finds that in general, there is a slight impact on WiMAX depending on 
the type of service used. For example, for video, users might experience some 
degradation over normal operating conditions when they are at the cell edge, in particular 
if they are located in close proximity to UWB LDC devices. Furthermore, the impact 
reduction with respect to the distance between the UWB transmitter and the FWA 
receiver will likely prevent any aggregation effect. An activity factor of 0.5% per hour 
implies that the UWB LDC will transmit not more than eighteen seconds per hour. 
Hence, the impact is limited in time and extent of effect on the network structure of 
WiMAX systems. Coexistence between WiMAX systems and UWB devices 
implementing LDC for a 1dB degradation at around 1m separation distance is possible. In 
most cases, a separation distance of 0.5m does not result in significant degradation. In 
two sets of tests, no WiMAX system had lost its synchronization during measurements.   
 
CEPT Report 94 concludes that UWB devices operating at an e.i.r.p. density of -41.3 
dBm/MHz and implementing the LDC limitation shown below can share the frequency 
band with WiMAX systems having a limited impact on services envisaged.  

Ton max = 5 ms 
Toff mean >= 38 ms (averaged over 1 sec) 

Σ Toff > 950 ms per second 
Σ Ton < 5% per second and 0.5% per hour 
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As per Report 94, it could be assumed that Future Mobile Systems will be protected 
accordingly as are WiMAX systems. When conditions of use of the frequency range 3.4 – 
4.8 GHz by Future Mobile Systems are known, the efficiency of the LDC mitigation 
technique should be reassessed and the regulatory parameters for LDC UWB could then 
be revised. 
 
The Department notes that the results of Report 94 are conservative and over-protective 
of FWA/WiMAX since it uses very low receiver sensitivity levels of -82 dBm to -100 
dBm in a 3.5 MHz bandwidth and -85 dBm to – 103 dBm in a 1.75 MHz bandwidth.  The 
Department’s analysis has made qualitative assessments that have concluded that, even at 
a receiver sensitivity of -90 dBm/MHz, there are no scenarios where UWB devices 
produce interference to the nearby receivers. 
 

1.3.4 Radio Altimeters in 4 200 – 4 400 MHz 
 
Radio Altimeters operate in the frequency band 4 200 – 4 400 MHz. They are used in 
commercial, private, and military aviation to determine and display airplane height above 
ground level to pilots. 
 

Radio Altimeter System Characteristics 
Parameters Pulse FMCW 
Transmitter Power (Watts) 5 0.5 
3 dB Baseband Bandwidth (kHz) N/A 90 
3 dB IF Bandwidth (MHz) 30 N/A 
Noise Figure (dB) 4 4 
Receiver Noise Power (dBm) -95 -120 
Receiver Sensitivity (dBm) -83 -88 
Receiver Antenna Gain (dB) 10.5 11 
Antenna 3 dB Beamwidth (degree) 45 60 
 
For the Department’s interference analysis, a protection criterion based on an I/N = -6 dB 
and a single outdoor UWB interferer located in the main beam of the receiving antenna 
was assumed. 
 

FMCW Radio Altimeter 
Parameters Department’s 

Analysis 
Frequency (MHz) 4 200 
Victim Bandwidth (kHz) 90 
Victim Receiver Noise Figure (NF) (dB) 4 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -120.43 
I/N (dB) -6 
I max (dBm) -126.43 
UWB Emission Limit (dBm/MHz) -41.3 
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Maximum Receiver Antenna Gain (dBi) 11 
Receiver Line Loss (dB) 0 
Free-Space Path Loss (dB) 85.68 
Minimum Separation Distance (m) 109.27 
 
 

 
Pulse Radio Altimeter 

Parameters Department’s 
Analysis 

Frequency (MHz) 4 200 
Victim Bandwidth (MHz) 30 
Victim Receiver Noise Figure (NF) (dB) 4 
Victim Receiver Thermal Noise ( KTB + NF) (dBm) -95.20 
I/N (dB) -6 
I max (dBm) -101.20 
UWB Emission Limit (dBm/MHz) -41.3 
Maximum Receiver Antenna Gain (dBi) 10.5 
Receiver Line Loss (dB) 0 
Free-Space Path Loss (dB) 85.18 
Minimum Separation Distance (m) 103.16 
 
For an outdoor UWB device directly below the aircraft with an EIRP level equal to -41.3 
dBm/MHz, the required separation distance between the FMCW Radio Altimeter and the 
UWB device is 109.27 meters, and for the Pulse Radio Altimeter the required separation 
is 103.16 meters. It is unlikely that an airplane would fly at that height over an urban, 
suburban or rural area. A possible case where the airplane could fly at that height is at the 
airport for take-off or landing. However, it is unlikely that someone would operate an 
UWB device on the runway directly below the airplane. An UWB device operating in the 
Terminal building will be separated by more than 150m and will be subject to an average 
wall attenuation of 12 dB. Thus it can be concluded that interference from an UWB 
device to the Radio Altimeter is negligible. 
 
The FCC performed an UWB and Radio Altimeter EMC analysis using a S/(I+N) 
method. The FCC concluded that both FMCW Radio Altimeters and Pulse Radio 
Altimeters are sufficiently protected at an UWB e.i.r.p. density of -41.3 dBm/MHz.  
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Annex-1: Interference Analysis for Meteorological Services of 
Canada Doppler radar Networks at 5.6 GHz 

 
This Annex evaluates potential UWB interference into Doppler radar networks of the 
Meteorological Services of Canada at 5.6 GHz. Data was extracted from the ALS 
database for antenna height and antenna gain. Site photography was interpreted for the 
purpose of finding the worst-case interference scenario and the minimum separation 
distance to a single UWB interferer. The Department’s calculations are based on an 
antenna pattern from Canadian ITU-R document 8A-9B/171-E and an interference-to-
noise ratio I/N = -6 dB. 
 
A summary table of the radar stations studied below is given in Section 1.2.8.4. 

 
Below are the worst-case (minimum separation distance) technical studies for a single 
UWB interferer active at 100% of time: 
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Four Mile Pond, NF (47°21'20.16"N, 53° 7'42.96"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 948.67 m 
Radar antenna height 17 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences -0.92 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 1.22 degrees 
Radar antenna gain @ Ө 30.5 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-Space Path loss -106.99 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -41.21 dBm/MHz 
FCC e.i.r.p. density limit -41.3 dBm/MHz 
Station is sufficiently protected at FCC limit ? YES 
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Montreal River, QB (47°14'52.08"N, 84°35'44.88"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 846.28 m 
Radar antenna height 21 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -1.31 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 1.61 degrees 
Radar antenna gain @ Ө 27.85 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-Space Path loss -106 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -39.55 dBm/MHz 
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Franktown, ON (45° 2'27.61"N, 76° 6'58.14"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 43.24 m 
Radar antenna height 19 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -21.81 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 22.11 degrees 
Radar antenna gain @ Ө -0.61 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -80.17 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -36.92 dBm/MHz 
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Elbow, SK (51° 7'32.67"N, 106°35'0.53"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 49.79 m 
Radar antenna height 15 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -14.96 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 15.26 degrees 
Radar antenna gain @ Ө 3.41 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -81.39 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -39.72 dBm/MHz 
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Lac Castor. QB (45°34'36.12"N, 70°40'0.12"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 39.26 m 
Radar antenna height 19 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -23.78 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 24.08 degrees 
Radar antenna gain @ Ө -1.54 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -79.33 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -36.83 dBm/MHz 
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Lasseter Lake, ON (48°51'20.16"N, 89° 6'55.80"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 493.22 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -2.12 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 2.42 degrees 
Radar antenna gain @ Ө 23.38 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-Space Path loss -101.31 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -39.77 dBm/MHz 
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Timmins, ON (49°16'53.23"N, 81°47'38.45"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 39.45 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -24.89 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 25.19 degrees 
Radar antenna gain @ Ө -2.03 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -79.37 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -36.3 dBm/MHz 
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Carvel, AB (53°32'60.00"N, 114° 9'0.00"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 33 m 
Radar antenna height 13 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -18.9 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 19.2 degrees 
Radar antenna gain @ Ө 0.92 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -77.83 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -40.79 dBm/MHz 
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Vivian, MB (49°53'8.65"N, 96°28'28.16"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 72.57 m 
Radar antenna height 14 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -9.62 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 9.92 degrees 
Radar antenna gain @ Ө 8.09 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -84.67 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -41.12 dBm/MHz 
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King Township, ON (43°51'50.04"N, 79°34'27.12"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 205.28 m 
Radar antenna height 27 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -7.03 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 7.33 degrees 
Radar antenna gain @ Ө 11.38 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -93.7 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -35.38 dBm/MHz 
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Aldergrover, BC (49° 0'59.69"N, 122°29'14.31"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 25.72 m 
Radar antenna height 27 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -44.53 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 44.83 degrees 
Radar antenna gain @ Ө -8.29 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -75.66 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
acceptable UWB e.i.r.p. density -33.75 dBm/MHz 
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Port Hardy, BC (50°41'21.84"N, 127°50'20.40"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 868.75 m 
Radar antenna height 35 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -2.2 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 2.5 degrees 
Radar antenna gain @ Ө 23.07 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -106.23 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -34.54 dBm/MHz 
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Duncan, BC (48°51'39.23"N, 123°45'23.11"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 452.73 m 
Radar antenna height 35 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -4.21 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 4.51 degrees 
Radar antenna gain @ Ө 16.65 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -100.57 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -33.78 dBm/MHz 
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Foxwarren, MB (50°32'57.12"N, 101° 5'9.60"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 98.53 m 
Radar antenna height 40 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -21.24 degrees 
Radar elevation angle 0.3 degrees 
Off-axis elevation Ө = elevation angle – offset 21.54 degrees 
Radar antenna gain @ Ө -0.33 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -87.32 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -30.05 dBm/MHz 
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Woodlands, MB (50° 9'10.70"N, 97°46'48.30"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 55.48 m 
Radar antenna height 40 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -34.62 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 34.92 degrees 
Radar antenna gain @ Ө -5.58 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -82.33 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -29.79 dBm/MHz 
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Bethune, SK (50°34'15.24"N, 105°10'57.51"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 75.5 m 
Radar antenna height 30 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -20.55 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 20.85 degrees 
Radar antenna gain @ Ө 0.024 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -85.01 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -32.71 dBm/MHz 
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Radisson, SK (52°31'14.03"N, 107°26'34.17"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 44.21 m 
Radar antenna height 30 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -32.62 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 32.92 degrees 
Radar antenna gain @ Ө -4.94 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -80.36 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -32.4 dBm/MHz 
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Landrienne, QB (48°33'5.27"N, 77°48'29.38"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 433.23 m 
Radar antenna height 30 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -3.74 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 4.04 degrees 
Radar antenna gain @ Ө 17.85 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -100.18 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -35.37 dBm/MHz 
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Dryden, ON (49°51'35.98"N, 92°47'58.90"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 155 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -6.73 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 7.03 degrees 
Radar antenna gain @ Ө 11.82 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -91.26 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -38.26 dBm/MHz 
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Canada Wide, ON (43° 0'16.61"N, 78°59'44.95"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 78.99 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -13.04 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 13.34 degrees 
Radar antenna gain @ Ө 4.87 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -85.4 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -37.17 dBm/MHz 
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Bronson Settlement, NB (46°13'19.93"N, 65°41'54.92"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 81.84 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -12.6 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 12.9 degrees 
Radar antenna gain @ Ө 5.23 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -85.71 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -37.22 dBm/MHz 
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Marion Bridge, NS (45°56'58.08"N, 60°12'20.70"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 109.96 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -9.45 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 9.75 degrees 
Radar antenna gain @ Ө 8.28 dBi 
UWB Activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -88.27 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -37.71 dBm/MHz 

 



 172

Marble Mountain, NF (48°55'49.14"N, 57°50'3.09"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 158.09 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -6.6 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 6.9 degrees 
Radar antenna gain @ Ө 12.02 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -91.43 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -38.29 dBm/MHz 
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Silver Star Mountain, BC (50°22'10.15"N, 119° 3'51.67"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 51.27 m 
Radar antenna height 34 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -32.21 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 32.51 degrees 
Radar antenna gain @ Ө -4.8 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space path loss -81.65 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -31.25 dBm/MHz 
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Schuler, AB (50°18'44.90"N, 110°11'45.78"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 124.19 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -8.38 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 8.68 degrees 
Radar antenna gain @ Ө 9.53 dBi 
UWB Activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -89.83 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -37.4 dBm/MHz 
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Gore, NS (45° 5'54.59"N, 63°42'15.60"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 442.57 m 
Radar antenna height 30.73 m * 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -3.75 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 4.05 degrees 
Radar antenna gain @ Ө 17.81 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -100.37 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -35.14 dBm/MHz 
* This includes the elevation difference of 20.73 m between the interferer and the victim antenna. 
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Strathmore, AB (51°12'22.59"N, 113°23'56.61"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 78.11 m 
Radar antenna height 20 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -13.19 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 13.49 degrees 
Radar antenna gain @ Ө 4.75 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -85.3 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -37.15 dBm/MHz 
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White Mountain, AB (55°41'43.22"N, 119°14'2.19"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 505.75 m 
Radar antenna height 32 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -3.43 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 3.73 degrees 
Radar antenna gain @ Ө 18.71 dBi 
UWB Activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -101.53 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -34.88 dBm/MHz 
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Upsala, ON (49° 2'12.10"N, 90°29'26.51"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 95.15 m 
Radar antenna height 26 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -14.33 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 14.63 degrees 
Radar antenna gain @ Ө 3.87 dBi 
UWB Activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -87.02 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -34.55 dBm/MHz 
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Weir, QB (45°56'39.80"N, 74°31'59.89"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 139.03 m 
Radar antenna height 13 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -4.65 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 4.95 degrees 
Radar antenna gain @ Ө 15.64 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -90.31 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -43.03 dBm/MHz 
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Prince George (Mount Baldy Hughes), BC (53°36'55.17"N, 122°57'11.83"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 961.64 m 
Radar antenna height 35 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -1.98 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 2.28 degrees 
Radar antenna gain @ Ө 22.55 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -107.11 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -33.14 dBm/MHz 
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Mont-Joli (Val-D’Irene), QC (48°29'0.00"N, 67°35'60.00"W) 
 

 
 

Single outdoor UWB device Department’s Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 2053.59 m 
Radar antenna height 30 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -0.79 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 1.09 degrees 
Radar antenna gain @ Ө 27.5 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -113.7 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -31.5 dBm/MHz 
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Britt, ON (45°47'60.00"N, 80°31'60.00"W) 
 

 
 

Single outdoor UWB device Department’s 
Analysis 

Frequency band 5600-5650 MHz 
Single interferer distance 184.51 m 
Radar antenna height 24 m 
UWB device height 1.7 m 
UWB elevation angle offset due to height differences  -6.89 degrees 
Radar elevation angle 0.3 degrees 
Off-axis angle Ө = elevation angle – offset 7.19 degrees 
Radar antenna gain @ Ө 10.08 dBi 
UWB activity factor 100% = 0 dB 
Centre frequency 5625 MHz 
Free-space Path loss -92.77 dB 
Noise figure 2.3 dB 
Noise floor -111.7 dBm/MHz 
Protection criteria (I/N) -6 dB 
Interference criteria: Imax -117.7 dBm/MHz 
Acceptable UWB e.i.r.p. density -35.01 dBm/MHz 
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Annex-2: Interference Analysis for Telesat FSS C-band Earth 
Stations 

 
This Annex evaluates potential UWB interference into licensed Telesat C-band earth 
stations. The evaluations are for a single-entry UWB device active at 100% of time 
located at a minimum separation distance or at the azimuth of the victim dish as 
determined from the site photography. Data was extracted from the ALS database for the 
elevation angle, antenna height, maximum antenna gain, and antenna azimuth as well as 
satellite photography of the site for determining the worst-case interference scenario and 
finding the minimum separation distance to the UWB interferer. The Department’s 
calculations are based on interference-to-noise ratio I/N = -6 dB, an antenna pattern of 29 
– 25 log (θ) as per Recommendation ITU-R S.580, and a system noise temperature of 100 
K. 
 
A summary table of the earth stations studied below is given in Section 1.2.15. 
 
Montreal, QB (45°31'20.81"N, 73°33'0.73"W) 

 
The UWB interferer is assumed to be either an indoor device located on the top floor of 
the surrounding building M-10 (office building) or an outdoor device used by walking 
person at a minimum separation distance. The interferer is assumed to be either on the 
azimuth of the earth station or at the shortest distance to the victim receiver depending on 
the case under study as determined from the site photography.  

 
There are several satellite dishes at this urban location pointing with fixed elevation 
angles at GSO satellites.  However, one of these dishes is steerable over the elevation 
angle range 8 – 37 degrees and another dish is not in service. There are also a few non-
satellite dishes apparently to communicate with the adjacent building. 

 
The Department notes that the adjacent M-10 office building mostly occupied by 
CTV/CFCF which use the Telesat dishes for Broadcasting Satellite Services (BSS) and 
thus can exercise control on the use of UWB devices in their offices  
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 This is the steerable antenna over the range 8 – 37 degrees of elevation angles and 

over the azimuth range 178 - 252 degrees. Given the building and antenna elevations 
as provided by the site manager and the separation distances from satellite 
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photography, the 8 degrees elevation corresponds to the roof of the top floor of the 
surrounding M-10 building at azimth 252 degrees as shown in the above figure. Thus 
this steerable dish was treated similar to a Mobile satellite service antenna with a 6 
degrees clearance over the top of the 4th floor (Cases 1 and 2). The Department notes 
that the other dishes on this site have elevation angles between 26 - 35 degrees and 
thus the Department’s elevation angle assumptions for this dish are conservative.    

 
Worst-case Department’s Analysis for a single interferer active at 100% of time 

C-Band FSS Earth Station 1 Case 1 Case 2 Case 3 

Single interferer distance 56.72 m 23.81 m 18.8 m 
Earth station Rx antenna height 12.5 m 12.5 m 12.5 m 
UWB device antenna height 13 m 1 13 m 1 1.7 m 
ES Elevation angle (α)  8 degrees 2 37 degrees 2 8 to 37degrees 
UWB elevation offset from the 
mainbeam of dish 7.49 degrees 35.8 degrees --- 

Dish Azimuth angle 252 degrees 3 178 degrees 3 178 to 252 degrees 3 
UWB azimuth offset angle (φ) from 
the mainbeam of dish 0 degrees 0 degrees > 48 degrees 

UWB Off-axis angle (θ) 4 7.49 degrees 35.8 degrees > 48 degrees  
Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 
Rx Antenna gain @ θ 7.13 dBi -9.85 dBi -13 dBi 5 
Wall(s) attenuation -12 dB  6 -12 dB  6 0 dB 
UWB activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 
Frequency 7 3950 MHz 3950 MHz 3950 MHz 
Free-Space Path loss -79.45 dB -71.91 dB -69.86 dB 
Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 
Protection criteria: I/N  -6 dB -6 dB -6 dB 
Interference criteria -124.6 dBm/MHz -124. 6 dBm/MHz -124. 6 dBm/MHz 
Acceptable UWB e.i.r.p. density -40.28 dBm/MHz -30.84 dBm/MHz -41.74 dBm/MHz 
FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Dish Sufficiently Protected at FCC 
limit(s)? YES by 1.02 dB YES by 10.46 dB NO by 0.44 dB  

1. The lower and upper rooftop of the adjacent building to M10 are roughly 12 m and 16 m, respectively.  Both also house a 
mechanical penthouse which gives a total building height of 18 m. 

2. The dish is steerable over an elevation angle range from 8 to 37 degrees for azimuths 178 – 252 degrees. The minimum 
operational elevation angle of 8 degrees correspondes to the azimuth 252 degrees. The dish elevation angle for Case-2 is at 
37 degrees.  

3. The antenna azimuth angle ranges from 178 to 252 degrees. 
4. Please refer to Appendix for derivation. 
5. The interferer at 18.8 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s boresight. 
6. The LOS path passes through a single wall with a wall attenuation of -12 dB. 
7. The receiving frequency was not provided by the Manager of the Montreal Teleport.  Thus, 3950 MHz was used during 

calculations for a rough approximation. 
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Worst-case Department’s Analysis for a single interferer active at 100% of time 

C-Band FSS Earth Station 2 Case 1 Case 2 Case 3 

Single interferer distance 35.81 m 21.95 m 19.33 m 
Earth station antenna height 7.62 m 7.62 m 7.62 m 
UWB device antenna height 13 m 1 13 m 1 1.7 m 
Dish elevation angle (α) 26 degrees 26 degrees 26 degrees 
UWB elevation offset  from the dish 
mainbeam 17.46 degrees 12.23 degrees 43.03 degrees 

Dish Azimuth angle 227 degrees 227 degrees 227 degrees 
UWB azimuth offset angle (φ) from 
the dish mainbeam 0 degrees 47 degrees  > 48 degrees 

UWB off-axis angle (θ) 2  17.46 degrees 45.6 degrees  > 48 degrees  
Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 
Rx Antenna gain @ θ -2.05 dBi -12.47 dBi -13 dBi 3 
Wall(s) attenuation -12 dB  4 -12 dB 4 -24 dB 5 
UWB Activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 
Frequency 6 3950 MHz 3950 MHz 3950 MHz 
Free-space Path loss -75.46 dB -71.21 dB -70.1 dB 
Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 
Protection criteria I/N -6 dB -6 dB -6 dB 
Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 
Acceptable UWB e.i.r.p. density -35.09 dBm/MHz -28.92 dBm/MHz -17.5 dBm/MHz 
FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Dish Sufficiently Protected at FCC 
limit(s)? YES by 6.21 dB YES by 12.38 dB YES by 23.8 dB 

1. The lower and upper rooftop of the adjacent building to M10 are roughly 12 m and 16 m, respectively. 
2. Please refer to Appendix for derivation. 
3. The interferer at 19.33 m falls within the -13 dB antenna back lobe since the offset of the interferer is greater than 48°from 

the antenna’s boresight. 
4. The LOS path passes through a single wall with a wall attenuation of -12 dB. 
5. The LOS path passes through two walls each with a wall attenuation of -12 dB. 
6. The receiving frequency was not provided by the Manager of the Montreal Teleport.  Thus, 3950 MHz was used during 

calculations for a rough approximation. 
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Worst-case Department’s Analysis for a single interferer active at 100% of time 

C-Band FSS Earth Station 3 Case 1 Case 2 Case 3 

Single interferer distance 33.74 m 25.73 m 20.95 m 
Earth station antenna height 8.23 m 8.23 m 8.23 m 
UWB device antenna height 13 m 1 13 m 1 1.7 m 
Dish Elevation angle (α) 26 degrees 26 degrees 26 degrees 
UWB elevation offset  from the dish 
mainbeam 17.95 degrees 15.5 degrees 43.31 degrees 

Dish Azimuth angle 227 degrees 227 degrees 227 degrees 
UWB azimuth offset angle (φ) from 
the dish mainbeam 0 degrees > 48 degrees  > 48 degrees 

UWB off-axis angle (θ) 2  17.95 degrees > 48 degrees  > 48 degrees  
Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 
Rx Antenna gain @ θ -2.35 dBi -13 dBi 3 -13 dBi 3 
Wall(s) attenuation -12 dB  4 -12 dB 4 -24 dB 5 
UWB activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 
Frequency 6 3950 MHz 3950 MHz 3950 MHz 
Free-space Path loss -74.94 dB -72.59 dB -70.8 dB 
Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 
Protection criteria: I/N -6 dB -6 dB -6 dB 
Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 
Acceptable UWB e.i.r.p.  density -35.31 dBm/MHz -27.01 dBm/MHz -16.8 dBm/MHz 
FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Dish Sufficiently Protected at FCC 
limit(s)? YES by 5.99 dB YES by 14.29 dB YES by 24.5 dB 

1. The lower and upper rooftop of the adjacent building to M10 are roughly 12 m and 16 m, respectively. 
2. Please refer to Appendix for derivation. 
3. The interferers at 25.73 m and 20.95 m fall within the -13 dB antenna back lobe since the offsets of the interferers are 

greater than 48°from the antenna’s boresight. 
4. The LOS path passes through a single wall with a wall attenuation of -12 dB. 
5. The LOS path passes through two walls each with a wall attenuation of -12 dB. 
6. The receiving frequency was not provided by the Manager of the Montreal Teleport.  Thus, 3950 MHz was used during 

calculations for a rough approximation. 
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Montreal, QC (45°31'20.66"N, 73°33'1.78"W) 
 

 
 

Worst-case Department’s Analysis for a single interferer active at 100% of time 

C-Band FSS Earth Station 4 Case 1 Case 2 Case 3 

Single interferer distance 33.41 m 33.20 m 25.24 m 
Earth station Rx antenna height 8.23 m 8.23 m 8.23 m 
UWB device antenna height 13 m 1 13 m 1 1.7 m 
Dish Elevation angle (α) 28 degrees 28 degrees 28 degrees 
UWB elevation offset  from the dish 
mainbeam 19.87 degrees 19.82 degrees 42.51 degrees 

Dish Azimuth angle 223 degrees 223 degrees 223 degrees 
UWB azimuth offset angle (φ) from 
the dish mainbeam 0 degrees 11 degrees  > 48 degrees 

UWB off-axis angle (θ) 2  19.87 degrees 22.38 degrees  > 48 degrees  
Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 
Rx Antenna gain @ θ -3.46 dBi -4.75 dBi -13 dBi 3 
Wall(s) attenuation -12 dB  4 -12 dB 4 0 dB 
UWB activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 
Frequency 3950 MHz 5 3950 MHz 5 3950 MHz 5 
Free-space Path loss -74.86 dB -74.8 dB -72.42 dB 
Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 
Protection criteria: I/N  -6 dB -6 dB -6 dB 
Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 
Acceptable UWB e.i.r.p. density -34.28 dBm/MHz -33.05 dBm/MHz -39.18 dBm/MHz 
FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Dish Sufficiently Protected at FCC 
limit(s)? YES by 7.02 dB YES by 8.25dB YES by 2.12 dB 

1. The lower and upper rooftop of the adjacent building to M10 are roughly 12 m and 16 m, respectively. 
2. Please refer to Appendix for derivation. 
3. The interferer at 25.24 m falls within the -13 dB antenna back lobe since the offset of the interferer is greater than 48°from 

the antenna’s boresight. 
4. The LOS path passes through a single wall with a wall attenuation of -12 dB. 
5. The receiving frequency was not provided by the Manager of the Montreal Teleport.  Thus, 3950 MHz was used during 

calculations for a rough approximation. 
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Montreal, QC (45°31'20.51"N, 73°33'2.26"W) 
 

 
 

Worst-case Department’s Analysis for a single interferer active at 100% of time 

C-Band FSS Earth Station 5 Case 1 Case 2 Case 3 

Single interferer distance 35.28 m 28.74 m 23.57 m 
Earth station antenna height 5.18 m 5.18 m 5.18 m 
UWB device antenna height 13 m 1 13 m 1 13 m 1 
Dish Elevation angle (α) 28 degrees 28 degrees 28 degrees 
UWB elevation offset  from the dish 
mainbeam 15.5 degrees 12.78 degrees 9.65 degrees 

Dish Azimuth angle 138 degrees 138 degrees 138 degrees 
UWB azimuth offset angle (φ) from 
the dish mainbeam 0 degrees 43 degrees  > 48 degrees 

UWB off-axis angle (θ) 2  15.5 degrees 41.72 degrees  > 48 degrees  
Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 
Rx Antenna gain @ θ -0.76 dBi -11.51 dBi -13 dBi 3 
Wall(s) attenuation -12 dB  4 -12 dB 4 -12 dB 4 
UWB activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 
Frequency 3950 MHz 5 3950 MHz 5 3950 MHz 5 
Free-space Path loss -75.33 dB -73.55 dB -71.83 dB 
Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 
Protection criteria: I/N  -6 dB -6 dB -6 dB 
Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124. 6 dBm/MHz 
Acceptable UWB e.i.r.p. density -36.51 dBm/MHz -27.54 dBm/MHz -27.77 dBm/MHz 
FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Dish Sufficiently Protected at FCC 
limit(s)? YES by 4.79 dB YES by 13.76 dB YES by 13.53 dB 

1. The lower and upper rooftop of the adjacent building to M10 are roughly 12 m and 16 m, respectively. 
2. Please refer to Appendix for derivation. 
3. The interferer at 23.57 m falls within the -13 dB antenna back lobe since the offset of the interferer is greater than 48°from 

the antenna’s boresight. 
4. The LOS path passes through a single wall with a wall attenuation of -12 dB. 
5. The receiving frequency was not provided by the Manager of the Montreal Teleport.  Thus, 3950 MHz was used during 

calculations for a rough approximation. 
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Montreal, QC (45°31'20.68"N, 73°33'2.18"W) 
 

 
 

Worst-case Department’s Analysis for a single interferer active at 100% of time 

C-Band FSS Earth Station 6 Case 1 Case 2 Case 3 Case 4 

Single interferer distance 35.88 m 29.66 m 29.97 m 18 m 
Earth station antenna height 4.57 m 4.57 m 4.57 m 4.57 m 
UWB device antenna height 13 m 1 13 m 1 13 m 1 1.7 m 
Dish Elevation angle (α) 35 degrees 35 degrees 35 degrees 35 degrees 
UWB elevation offset  from the dish 
mainbeam 21.78 degrees 19.13 degrees 19.29 degrees 44.06 degrees 

Dish Azimuth angle 159 degrees 159 degrees 159 degrees 159 degrees 
UWB azimuth offset angle (φ) from 
the dish mainbeam 0 degrees 45 degrees > 48 degrees > 48 degrees 

UWB off-axis angle (θ) 2  21.78 degrees 44.44 degrees  > 48 degrees  > 48 degrees  
Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 
Rx Antenna gain @ θ -4.45 dBi -12.19 dBi -13 dBi 3 -13 dBi 3 
Wall(s) attenuation -12 dB  4 -12 dB 4 -12 dB 4 0 dB 
UWB activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 100% = 0 dB 
Frequency 3950 MHz 5 3950 MHz 5 3950 MHz 5 3950 MHz 5 
Free-space Path loss -75.48 dB -73.82 dB -73.91 dB -69.49 dB 
Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 
Protection criteria: I/N -6 dB -6 dB -6 dB -6 dB 
Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 
Acceptable UWB e.i.r.p. density -32.67 dBm/MHz -26.59 dBm/MHz -25.69 dBm/MHz -42.11 dBm/MHz 
FCC e.i.r.p. density Limit -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz -41.3 dBm/MHz 
Dish Sufficiently Protected at FCC 
limit(s)? YES by 8.63 dB YES by 14.71 dB YES by 15.61 dB NO by 0.81 dB 

1. The lower and upper rooftop of the adjacent building to M10 are roughly 12 m and 16 m, respectively. 
2. Please refer to Appendix for derivation. 
3. The interferers at 29.97 m and 18 m fall within the -13 dB antenna back lobe since the offsets of the interferers are greater than 48°from the 

antenna’s boresight. 
4. The LOS path passes through a single wall with a wall attenuation of -12 dB. 
5. The receiving frequency was not provided by the Manager of the Montreal Teleport.  Thus, 3950 MHz was used during calculations for a 

rough approximation. 
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Montreal, QC (45°31'20.82"N, 73°33'2.06"W) 
 

 
 
In the above calculations for the Montreal earth-station receivers, the distances used in 
propagation calculations are for the horizontal plane and thus conservative. UWB activity 
factor and user mobility further reduce the risk of interference. Thus for the worst-case 
single-entry UWB interference, the above earth station receivers are protected at UWB 
e.i.r.p of -41.3 dBm/MHz.  
 
For the aggregate interference analysis, the link budget methodology was used. A 5% 
UWB activity factor as per Recommendation ITU-R SM.1755 (resulting in -13 dB); and 
an indoor : outdoor UWB device ratio of 80 : 20 with a wall attenuation of 12 dB 
(resulting in – 6dB) was assumed. This 19 dB coupled with the case 4 margin in the 
above table results in + 18.19 dB increase in interference level due to same increase in 
UWB e.i.r.p. which allows 65 UWB devices in the worst locations (See Figures) round 
the victim receiver at the same minimum separation distance. A higher UWB device 
density would result in devices blocked by multiple obstructions (e.g., multiple walls, 
roofs, trees, etc.) between interferers and the victim receivers. As a result, the impact of 
interference from multiple devices is negligible.  
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Gloucester, ON (45°25'40.83"N, 75°36'7.82"W) 
 

 
 

C-Band FSS Earth Station Case 1 Case 2 

Single interferer distance 71.1 m 40 m 

ES Receiver antenna height 7 m 7 m 

UWB device antenna height 1.7 m 1.7 m 

ES Elevation angle (α) 27.3 degrees 27.3 degrees 

UWB elevation offset from the ES mainbeam  31.56 degrees 34.85 degrees 

ES Azimuth angle 135.4 degrees 135.4 degrees 

UWB azimuth offset angle (φ) fro ES mainbeam 20 degrees 45 degrees 

UWB off-axis angle (θ) 1 37 degrees 55.76 degrees  

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -10.21 dBi -13 dBi 2 

Frequency 3922.9 MHz 3922.9 MHz 

Free-space path loss -81.36 dB -76.36 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Acceptable UWB e.i.r.p.  density -33.03dBm/MHz -35.24 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 40 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° offset 

from the antenna’s direction. 
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Gloucester, ON (45°25'39.33"N, 75°36'7.95"W) 
 

 
 

C-Band FSS Earth Station 1 Case 1 Case 2 

Single interferer distance 100.11 m 37.8 m 

ES antenna height 4 m 4 m 

UWB device height 1.7 m 1.7 m 

UWB elevation angle -1.32 degrees -3.48 degrees 

ES Elevation angle (α) 27.1 degrees 27.1 degrees 

UWB elevation offset from the ES mainbeam 28.42 degrees 30.58 degrees 

ES Azimuth angle 225 degrees 225 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 45 degrees 

UWB Off-axis angle (θ) 1 28.42 degrees 53.08 degrees  

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -7.34 dBi -13 dBi 2 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 4040 MHz 4040 MHz 

Free-space path loss -84.59 dB -76.13 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p.  density -32.67 dBm/MHz -35.47dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 37.8 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° offset 

from the antenna’s direction. 
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C-Band FSS Earth Station 2 Case 1 Case 2 

Single UWB interferer distance 100.11 m 37.8 m 

Rx antenna height 4 m 4 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 27.1 degrees 27.1 degrees 

UWB elevation offset from the ES mainbeam 28.42 degrees 30.58 degrees 

ES Azimuth angle 225 degrees 225 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 45 degrees 

UWB Off-axis angle (θ) 1 28.42 degrees 53.08 degrees  

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -7.34 dBi -13 dBi 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 4140 MHz 4140 MHz 

Free-space Path loss -84.8 dB -76.34 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -32.46 dBm/MHz -35.26 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 37.8 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° offset 

from the antenna’s direction. 
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Toronto, ON (43°39'8.82"N, 79°19'25.30"W) 
 

 
 

C-Band FSS Earth Frequency 1 Case 1 Case 2 

Single UWB interferer distance 47.91 m 44.14 m 

Rx antenna height 5 m 5 m 

UWB device antenna height 1.7 m 1.7 m 

ES Elevation angle (α) 39.4 degrees 39.4 degrees 

UWB elevation offset from the ES mainbeam  43.34 degrees 43.68 degrees 

ES Azimuth angle 172.3 degrees 172.3 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 27 degrees 

UWB Off-axis angle (θ) 1 43.34 degrees 50.26 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -11.92 dBi -13 dBi 2 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 3960 MHz 3960 MHz 

Free-space path loss -78.01 dB -77.3 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -34.67 dBm/MHz -34.3 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 44.14 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 
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C-Band FSS Earth Frequency 2 Case 1 Case 2 

Single UWB interferer distance 150.86 m 51.46 m 

Rx antenna height 9 m 9 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 30.5 degrees 30.5 degrees 

UWB elevation offset from the ES mainbeam  33.27 degrees 38.57 degrees 

ES Azimuth angle 221.9 degrees 221.9 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 45 degrees 

UWB Off-axis angle (θ) 1 33.27 degrees 57.86 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -9.05 dBi -13 dBi 2 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 4040 MHz 4040 MHz 

Free-space Path loss -88.15 dB -78.8 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -27.4 dBm/MHz -32.8 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 51.46 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° offset 

from the antenna’s direction. 
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C-Band FSS Earth Frequency 3 Case 1 Case 2 

Single interferer distance 150.86 m 51.46 m 

ES Rx antenna height 3 m 3 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 30.5 degrees 30.5 degrees 

UWB elevation offset  from the ES mainbeam 30.99degrees 31.39 degrees 

ES Azimuth angle 221.9 degrees 221.9 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 45 degrees 

UWB Off-axis angle (θ) 1 30.99 degrees 53.4 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -8.28 dBi -13 dBi 2 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 4120 MHz 4120 MHz 

Free-space path loss -88.32 dB -78.98 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N  -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -28.0 dBm/MHz -32.62 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 51.46 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 

 
 

C-Band FSS Earth Frequency 4 Case 1 Case 2 

Single interferer distance 150.86 m 51.46 m 

Rx antenna height 5 m 5 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 30.5 degrees 30.5 degrees 

UWB elevation offset  from the ES mainbeam 31.75 degrees 34.17 degrees 

ES Azimuth angle 221.9 degrees 221.9 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 45 degrees 

UWB Off-axis angle (θ) 1 31.75 degrees 54.86 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -8.54 dBi -13 dBi 2 

UWB Activity factor 100% = 0 dB 100% = 0 dB 

Frequency 4120 MHz 4120 MHz 

Free-space Path loss -88.32 dB -78.98 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 



 198

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p.  density -27.74 dBm/MHz -32.62 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 51.46 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 
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Toronto, ON (43°45'46.92"N, 79°24'23.28"W) 
 

 
 

C-Band FSS Earth Station Case 1 Case 2 

Single interferer distance 100.44 m 56.5 m 

Rx antenna height 4 m 4 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 30.4 degrees 30.4 degrees 

UWB elevation offset  from the ES mainbeam 31.71 degrees 32.73 degrees 

ES Azimuth angle 221.8 degrees 221.8 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 45 degrees 

UWB Off-axis angle (θ) 1 31.71 degrees 53.93 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -8.53 dBi -13 dBi 2 

UWB Activity factor 100% = 0 dB 100% = 0 dB 

Frequency 4140 MHz 4140 MHz 

Free-Space Path loss -84.83 dB -79.83 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N  -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -31.24 dBm/MHz -31.77 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 56.5 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° offset 

from the antenna’s direction. 
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Ottawa, ON (45°24'10.35"N, 75°44'21.10"W) 
 

 
 

C-Band FSS Earth Station Station 1 Station 2 

Single interferer distance 47.8 m 47.8 m 

Rx antenna height 6 m 6 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 29.2 degrees 29.2 degrees 

UWB elevation offset from the ES mainbeam 34.34 degrees 32.34 degrees 

ES Azimuth angle 220.8 degrees 220.8 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 24 degrees 24 degrees 

UWB Off-axis angle (θ) 1 42.07 degrees 40.49 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -11.6 dBi -11.18 dBi 

UWB activity factor 100% = 0 dB 100% = 0 dB 

Frequency 3880 MHz 4040 MHz 

Free-space path loss -77.81 dB -78.16 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -35.19dBm/MHz -35.26 dBm/MHz 

1. Please refer to Appendix for derivation. 
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Iqaluit, NU (63°44'21.69"N, 68°33'22.89"W) 
 

 
 

C-Band FSS Earth Station Station 1 Station 2 Station 3 

Single interferer distance 159.4 m 159.4 m 159.4 m 

Rx antenna height 4 m 7 m 4 m 

UWB device height 1.7 m 1.7 m 1.7 m 

ES Elevation angle (α) 10.5 degrees 10.5 degrees 10.5 degrees 

UWB elevation offset  from the ES 
mainbeam 11.33 degrees 12.4 degrees 11.33 degrees 

ES Azimuth angle 226 degrees 226 degrees 226 degrees 

UWB azimuth offset angle (φ) from 
the ES mainbeam 99 degrees 99 degrees 99 degrees 

UWB Off-axis angle (θ) 1 > 48 degrees > 48 degrees > 48 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log α 29 – 25 log α 

Rx Antenna gain @ θ -13 dBi 2 -13 dBi 2 -13 dBi 2 

UWB Activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 

Frequency 4120 MHz 4140 MHz 4160 MHz 

Free-Space Path loss -88.8 dB -88.84 dB -88.88 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p.  density -22.8 dBm/MHz -22.76 dBm/MHz -22.72 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 159.4 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 
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Vancouver, BC (49°16'9.70"N, 123° 5'35.47"W) 
 

 
 

C-Band FSS Earth Station Station 1 

Single interferer distance 28.52 m 

Receiver antenna height 5 m 

UWB device height 1.7 m 

ES Elevation angle (α) 32.3 degrees 

UWB elevation offset  from the ES mainbeam 38.9 degrees 

ES Azimuth angle 164.3 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 16.3 degrees 

UWB Off-axis angle (θ) 1 41.88 degrees 

Rx Antenna pattern 29 – 25 log θ 

Rx Antenna gain @ θ -11.55 dBi 

UWB activity factor 100% = 0 dB 

Frequency 4040 MHz 

Free-Space Path loss -73.68 dBm/MHz 

Thermal noise -118.6 dBm/MHz 

Protection criteria: I/N -6 dB 

Interference criteria -124.6 dBm/MHz 

Required UWB e.i.r.p. density -39.37dBm/MHz 

1. Please refer to Appendix for derivation. 
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Calgary, AB (51° 3'10.00"N, 114° 0'57.67"W) 
 

 
 

C-Band FSS Earth Station Station 1 

Single interferer distance 34.07 m 

ES antenna height 6 m 

UWB device height 1.7 m 

ES Elevation angle (α) 31.5 degrees 

UWB elevation offset  from the ES mainbeam 38.69 degrees 

ES Azimuth angle 176.3 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 3.7 degrees 

UWB Off-axis angle (θ) 1 38.85 degrees 

Rx Antenna pattern 29 – 25 log θ 

Rx Antenna gain @ θ -10.74 dBi 

UWB Activity factor 100% = 0 dB 

Frequency 4040 MHz 

Free-space Path loss -75.22 dB 

Thermal noise -118.6 dBm/MHz 

Protection criteria: I/N  -6 dB 

Interference criteria -124.1 dBm/MHz 

Required UWB e.i.r.p. density -38.64 dBm/MHz 

1. Please refer to Appendix for derivation. 
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Goose Bay, NF (53°18'14.05"N, 60°24'43.44"W) 
 

 
 

C-Band FSS Earth Station Case 1 Case 2 Case 3 

Single interferer distance 178.11 m 162.57 m 58.06 m 

ES antenna height 4 m 4 m 4 m 

UWB device height 1.7 m 1.7 m 1.7 m 

ES Elevation angle (α) 13.8 degrees 13.8 degrees 13.8 degrees 

UWB elevation offset from the ES 
mainbeam  14.54 degrees 14.61 degrees 16.07 degrees 

ES Azimuth angle 237 degrees 237 degrees 237 degrees 

UWB azimuth offset angle (φ) from 
the ES mainbeam 0 degrees > 80 degrees > 80 degrees 

UWB Off-axis angle (θ) 1 14.54 degrees > 48 degrees > 48 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -0.06 dBi -13 dBi 2 -13 dBi 2 

UWB Activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 

Frequency 4140 MHz 4140 MHz 4140 MHz 

Free-Space Path loss -89.8 dB -89 dB -80.07 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N  -6 dB -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p.  density -34.74 dBm/MHz -22.6 dBm/MHz -31.53 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferers at 162.57 m and 58.06 m  fall within the -13 dB antenna back lobe since the location of the interferers are 

greater than 48° offset from the antenna’s direction. 
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Harriestfield, ON (44°33'19.61"N, 63°38'49.07"W) 
 

 
 

C-Band FSS Earth Station Station 1 

Single interferer distance 506.14 m 

ES antenna height 4 m 

UWB device height 1.7 m 

ES Elevation angle (α) 20.7 degrees 

UWB elevation offset  from the ES mainbeam 20.96 degrees 

ES Azimuth angle 237.2 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 130.2 degrees 

UWB Off-axis angle (θ) 1 > 48 degrees 

Rx Antenna pattern 29 – 25 log θ 

Rx Antenna gain @ θ -13 dBi 2 

UWB Activity factor 100% = 0 dB 

Frequency 4140 MHz 

Free-Space Path loss -98.87 dB 

Thermal noise -118.6 dBm/MHz 

Protection criteria: I/N -6 dB 

Interference criteria -124.6 dBm/MHz 

Required UWB e.i.r.p.  density -12.73 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 506.14 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 
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Inukjuak, QC (58°27'9.18"N, 78° 6'28.44"W) 
 

 
 

C-Band FSS Earth Station Case 1 Case 2 Case 3 

Single interferer distance 139.54 m 111.88 m 26.48 m 

ES antenna height 6 m 6 m 6 m 

UWB device height 1.7 m 1.7 m 1.7 m 

ES Elevation angle (α) 17.7 degrees 17.7 degrees 17.7 degrees 

UWB elevation offset  from the ES 
mainbeam 19.47 degrees 19.9 degrees 26.92 degrees 

ES Azimuth angle 217.3 degrees 217.3 degrees 217.3 degrees 

UWB azimuth offset angle (φ) from 
the ES mainbeam 0 degrees 45 degrees 82 degrees 

UWB Off-axis angle (θ) 1 19.47 degrees 48.39 degrees > 48 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -3.23 dBi -13.12dBi -13 dBi 2 

UWB Activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 

Frequency 3760 MHz 3760 MHz 3760 MHz 

Free-Space Path loss -86.84 dB -84.93 dB -72.4 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -34.53 dBm/MHz -26.67 dBm/MHz -39.2 dBm/MHz 

1. Please refer to Appendix for derivation. 
2. The interferer at 26.48 m falls within the -13 dB antenna back lobe since the location of the interferer is greater than 48° 

offset from the antenna’s direction. 
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Kuujjuaq, QC (58° 6'31.53"N, 68°24'30.35"W) 
 

 
 

C-Band FSS Earth Station Case 1 Case 2 

Single interferer distance 97.33 m 29.43 m 

ES antenna height 6 m 6 m 

UWB device height 1.7 m 1.7 m 

ES Elevation angle (α) 14.4 degrees 14.4 degrees 

UWB elevation offset  from the ES mainbeam 16.93 degrees 22.71 degrees 

ES Azimuth angle 227.4 degrees 227.4 degrees 

UWB azimuth offset angle (φ) from the ES mainbeam 0 degrees 32 degrees 

UWB Off-axis angle (θ) 1 16.93 degrees 39.03 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -1.72 dBi -10.78 dBi 

UWB Activity factor 100% = 0 dB 100% = 0 dB 

Frequency 3758.2 MHz 3758.2 MHz 

Free-Space Path loss -83.71 dBm/MHz -73.32 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p.  density -39.17 dBm/MHz -40.5 dBm/MHz 

1. Please refer to Appendix for derivation. 
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Salluit, QC (62°12'9.85"N, 75°38'18.79"W) 
 

 
 

C-Band FSS Earth Station Case 1 Case 2 Case 3 

Single interferer distance 156.4 m 114.84 m 60.71 m 

Rx antenna height 6 m 6 m 6 m 

UWB device height 1.7 m 1.7 m 1.7 m 

ES Elevation angle (α) 13.9 degrees 13.9 degrees 13.9 degrees 

UWB elevation offset  from the ES 
mainbeam 15.48 degrees 16.04 degrees 17.95 degrees 

ES Azimuth angle 218.8 degrees 218.8 degrees 218.8 degrees 

UWB azimuth offset angle (φ) from 
the ES mainbeam 0 degrees 19 degrees 38.8 degrees 

UWB Off-axis angle (θ) 1 15.48 degrees 24.74 degrees 46.31 degrees 

Rx Antenna pattern 29 – 25 log θ 29 – 25 log θ 29 – 25 log θ 

Rx Antenna gain @ θ -0.74 dBi -5.84 dBi -12.64 dBi 

UWB Activity factor 100% = 0 dB 100% = 0 dB 100% = 0 dB 

Frequency 3760 MHz 3760 MHz 3760 MHz 

Free-Space Path loss -87.84 dB -85.15 dB -79.62 dB 

Thermal noise -118.6 dBm/MHz -118.6 dBm/MHz -118.6 dBm/MHz 

Protection criteria: I/N  -6 dB -6 dB -6 dB 

Interference criteria -124.6 dBm/MHz -124.6 dBm/MHz -124.6 dBm/MHz 

Required UWB e.i.r.p. density -36.02 dBm/MHz -33.61 dBm/MHz -32.24 dBm/MHz 

1. Please refer to Apo ndix for derivation. 
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Appendix: Off-Axis Angle Calculation (θ) 
 

 
When Hi > Ha: 

 

 
 
 

Ha = the antenna height above ground level (AGL) in m. 
Hi = the UWB interferer height AGL in m. 
 
α = the elevation angle of the antenna in degrees. 
φ = the offset from the antenna’s azimuth angle in degrees. 
 
D = the separation distance between the victim and UWB interferer in m. 
 
D1 = D·cos(φ) 
D2 = D·sin(φ) 
 
L1 = Hi – Ha 
L2 = D1·tan(α)  = D·cos(φ)·tan(α) 
L3 = L1 – L2 
 
M1 = D1 / cos(α)  = (D·cos(φ)) / cos(α) 

M2 = ( ) ( )( )22
21

2
2

2
3 sinDLLDL ϕ⋅+−=+  

M3 = ( ) 22
ai

22
1 DHHDL +−=+  
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θ = cos-1((M1

 2+M3
 2 – M2

 2) / (2 M1 M3)) 
 

 
When Hi < Ha: 

 
 Use the above equations except change L1 and L3 to the following. 
 

L1 = Ha – Hi 
L3 = L1 + L2 

 
-------- 

 
 

 
 


