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interference from a remote at a lower altitude. For this reason 350 km, the minimum altitude in
the analysis, is the worst-case situation.

D.5.4 Variation in Proximity-Link Modulation, Encoding, and Bandwidth

The analysis above was based on the assumption of the use of an 8 @- PSK system without channel
encoding and a 14.7 MHz bandwidth. However, the effect of the interference is based on determining
the aggregate I/ N ratio, rather than a C /I or an S / I ratio. Thus the only effect of signal format is
the choice of signal bandwidth. Even here the variations are minimal, as the interference is stated
in References [1] and [2] to be over a wide bandwidth. However, the bandwidth chosen was the
minimum signal bandwidth of all the possible variations considered for proximity links ! (see the
required bandwidth of different options in Table B.1). Further, it was assumed that all of the LMCS
systems were transmitting analog FM TV signals, and that essentially all of the energy of those 18
MHz wide signals was in the 14.7 MHz band accepted by the filters in the proximity-link receiver.
This is modelled by an N , factor of unity or 0 dB in Equation A.5. A wider bandwidth signal would
result in a slightly lower aggregate [/ N ratio, because the increase in N ; for other signal formats
would not be as rapid as the increase in the bandwidth factor in Equation D.1. Thus the assumptions
made that the desired signal is an 8 @- PSK one without channel encoding, with a 14.7 MHz
bandwidth, and that the interfering 18 MHz LMCS signal falls entirely in this band, is a worst-case
set of assumptions over the possible set of proximity-link and LMCS signal formats.

D.5.5 Terrestrial Rain Zone of LMCS Systems

The rain zone of the LMCS systems enters the analysis only in terms of the LMCS cell size. This
is because interference during clear-air conditions, using LMCS-A equipment, is worse than
interference due to either type of LMCS equipment during heavy rain. As indicated in Figure 1 of
Exhibit C-3, the cell size of an LMCS system in Rain-Zone N is 4 km, compared with 11 km in
Rain-Zone B. Rain Zone P would require even smaller spacing, but this zone is not wide-spread,
and extensive LMCS systems at 26 GHz in that zone is not expected.

D.5.6 Metropolitan Area Size

The effect of large metropolitan areas is indicated in Equation D.2 and Table D.1. The metropolitan
area size is based on that of metropolitan Toronto, shown on Ontario Motor League maps as
covering the area bounded by Newcastle, Aurora, Orangeville, and Hamilton. That area is about
6,500 km in magnitude. A factor of 1.5 is included to account for even larger areas in highly-
populated areas in low latitudes. This parameter is translated into the interference equations only in
the fact that the maximum-size metropolitan area has in it 194 LMCS sites. Larger metropolitan
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areas in climates dryer than Rain-Zone N would not have a greater interference contribution than that
assumed in the analysis unless there were more than 194 LMCS sites in that metropolitan area and
surrounding territory. A metropolitan area in Rain Zone K covering about 96,000 km?area (350 km
or 220 miles in diameter) would for example have the same effect as the model used in the analysis.
No metropolitan area in a rain zone J or dryer would have as many LMCS sites as that assumed in
the analysis. On this basis, it would seem that the model used in the analysis has as many or more
LMCS sites than would be implemented in most metropolitan areas in the world.

D.6 Summary

Sections D.5.1 to D.5.6 above indicate that worst-case assumptions are made and used in all aspects
of the analysis. That analysis indicates that with that combination of worst-case assumptions, the
aggregate [ / N ratio would be in the order of -5.2 dB for any elevation angle of the interfered-with
proximity-link, as seen from the area of the source of the interference, ie. the area pointed to by the
receiving proximity-link antenna. This worst-case I / N ratio of - 5.2 dB would cause a reduction in
available proximity-link range from a nominal 50 km to 43.8 km, a 12.4 % reduction, if no other
measures were taken to combat the interference.
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Annex E

Co-Channel Interference
From Proximity Links into LMCS Systems

E.1 Introduction

In this annex the pfd of proximity-link transmissions is compared with the pfd limitations in Article
28 of the Radio Regulations. This comparison is made for a number of possible proximity-link
formats, in part to determine whether there is any constraint on the type of signal that might be used
by a proximity link, within those considered in Annex B.

E.2 Basic Relations

The power flux-density of the interference from a proximity link transmitter into an LMCS receiver
is specified by Equation

PFD = EIRPppox -71.1 - 20Log (d;) - 10 Log (B prox ) eereeerreemmeemenmmenneecnnnes A8,
where
EIRP peox is the EIRP of the proximity-link transmitter,
d, is the distance from the transmitter to the point of interest on the Earth's
surface, and
B prox is the effective bandwidth of the proximity-link transmitted signal.

This pfd is limited by Radio Regulation 2578, which specifies that the maximum pfd from a space
station on the surface of the Earth in the band 25.25 - 27.5 GHz shall not exceed

- 115 dB(W/m?) in any 1 MHz band for angles of arrival between 0 and 5 degrees above the
horizontal plane;

-115 +0.5(8 - 5) dB(W/m?) in any 1 MHz band for angles of arrival 8 (in degrees) between
5 and 25 degrees above the horizontal plane; and

- 105 dB(W/m?) in any 1 MHz band for angles of arrival between 25 and 90 degrees above
the horizontal plane.

E.3 Geometrical Considerations
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As indicated in Section B.2 of Annex B, the minimum altitude of a proximity-link transmitter
transmitting directly downward towards the Earth's surface is that from the space station itself
transmitting to a remote terminal directly below it, from a minimum altitude of 350 km. The remote
terminal may be at a lower altitude, as low as 280 km, but when it is at these latitudes it would be
ransmitting upwards toward the space station, and so its antenna discrimination towards the Earth
would more than compensate for being at a lower altitude.

The increase in attenuation of the proximity-link signal due to the increase in propagation distance
at lower elevation angles is indicated in Table E.1:

Table E.1

Decrease in Proximity-Link Signal Level on the Earth's Surface
wit a Reduction in Elevation Angle of the Link Transmitter

Elevation Angle | Propagation Distance, km | Relative Attenuation, dB

90° 350 0
25° 747 6.58

‘ 20° 875 7.96
15° 1,053 9.57
10° 1,303 11.42

| 5o 1,656 13.50
0° 2140 15.72

Because there is only a 10 dB variation in the permissible pfd between 0° and 90° in RR 2578, the

critical elevation angle in this examplie is 90° ; if it is acceptable from that location it is acceptable
at every other elevation angle.

E.4  Detailed PFD Determination from a Proximity Link at a 90° Elevation Angle

As indicated in Section B.5 of Annex B, the maximum value of { EIRP pgox - 10 Log ( B pgox ) } for
any of the signal format and channel-encoding assumptions considered for proximity links is 16.9
dBW per 1 MHz in the high band, for transmission of an 8 ¢- PSK signal without channel encoding

. At a minimum transmission-path distance of 350 km, The maximum pfd, specified by Equation
A8, is
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- 105.1 dBW per 1 MHz per m?.

This level of -105.1 dBW per 1 MHz per m’ is just within the limits imposed by Radio Regulation
2578 for elevation angles above 25° . Whether or not such a level would cause harmful interference
into an LMCS system is of little importance; if the pfd from the proximity link exceeded the level
imposed by RR 2578 the system would not receiver a favourable finding by the ITU-BE, and so
would not receive the protection of a favourable entry in the Master Register.

E.S Summary

The above results indicate that

1.  the proximity-link system as described by Reference [3] is in accordance with Article 28 of
the Radio Regulations, and so presumably does not cause harmful interference to fixed or
mobile systems in the band, including LMCS systems; and

2.  there is very little margin in the noise budgets of the various proximity-link options being
considered. The EIRP's of the system cannot be increased without violating RR 2578, and
the overall assumed system noise temperature is quite low, 773° K. Thus there is not much
link-budget margin available to accommodate interference from terrestrial networks.



USWP 7C/67 (Rev. 3)

ITU-R FACT SHEET

Study Group: Working Party 7C Date: August 13, 1996
Document. USWP 7C/67 (Rev. 3)
Document Title:

SHARING OF EES SPACE-TO-EARTH LINKS WITH OTHER SERVICES
IN THE 25.5 - 27.5 GH BAND

Authors:
Alan Rinker Phone: 703-834-5606
(CSC for NASA) . Fax: 703-834-1094
e-mail: arinker@csc.com
p Objectives:

This document provides the technical basis for an allocation to Earth-exploration service
(space-to-Earth) in the 25.5 - 27.0 GHz

Abstract:

An allocation to the Earth exploration-satellite (EES) service (space-to-Earth) near 26 GHz
is required to provide direct downlinks of EES data to Earth. The band 8025 - 8400 MHz, which is
currently used for this purpose, does not have sufficient bandwidth to support planned high data
rate EES systems. The 25.5 - 27.0 GHz band would provide greater bandwidth and better sharing

conditions for EES data downlinks. This allocation would not be used for any type of active or
passive sensing.

This document addresses sharing between EES(space-to-Earth) links and the inter-satellite,
fixed and mobile services.

26 GHz:Report:26 GHz EES Rev. 3



Documents Document USWP 7C/67 Rev. 3
Radiocommunication Study Groups August 13, 1996
Period 1995-1997

UNITED STATES OF AMERICA

SHARING OF EES SPACE-TO-EARTH LINKS WITH OTHER SERVICES
IN THE 25.5 - 27.0 GHz BAND

1. Introduction

An allocation to the Earth exploration-satellite (EES) service (space-to-Earth) near 26 GHz
is required to provide direct downlinks of EES data to Earth. The band 8025 - 8400 MHz, which is
currently used for this purpose, does not have sufficient bandwidth to support planned high data
rate EES systems. The 25.5 - 27.0 GHz band would provide greater bandwidth and better sharing

conditions for EES data downlinks. This allocation would not be used for any type of active or
passive sensing.

This document addresses sharing between EES(s;;ace-to—Earﬂx) links and the inter-satellite,
fixed and mobile services. Annex A contains a draft revision of Preliminary Draft New
Recommendation [Doc. 7C/TEMP/21] addressing the sharing situation at 26 GHz. Annexes B, C
and D contain revisions to existing ITU-R SA recommendations providing characteristics and
sharing criteria for EES systems.

2. EES Space-to-Earth Link budgets and interference criteria

Recommendation ITU-R SA.1020 defines the hypothetical reference system for EES
services and describes the functions provided. In this recommendation, the two major data
downlink functions of an EES service, which could be provided using the proposed 26 GHz EES
downlink allocation, are “direct data readout” and recorded data acquisition.”

Table 1 provides the parameters of four representative 26 GHz EES downlink systems
which are currently in the design stage and which can be used to form the basis of sharing studies.
The parameters of these representative systems can be used to form the basis to determine levels of
interference to and from the EES downlinks, in accordance with Recommendations ITU-R
SA.1020 and SA.1026 for the low-Earth orbit cases, and derived using a similar approach for the

geostationary case.
The representative systems in Table 1 have the following features:
* Recorded data acquisition (System A). A high data rate downlink (up to 1 Gbps) from a

705 km altitude satellite. This major data acquisition facility receives stored data from
the EES satellite using a large (55.2 dBic) antenna.

26 GHz:Report: 26 GHz EES Rev. 3



 Direct data readout (System B). A moderate data rate downlink (up to 40 Mbps) from a
705 km altitude satellite. This lower-cost Earth station facility receives real-time data
collected by the satellite in the vicinity of the Earth station.

» Direct high-speed data readout (System C). A high data rate downlink (up to 1 Gbps)
from a 680 km altitude satellite. Very small and low-cost Earth stations are possible by
the use of a high-gain steerable spot beam on the satellite. Power control on the satellite
is used to ensure compliance with existing PFD limits at the Earth’s surface. The low
cost Earth stations receive real-time data collected by the satellite in the vicinity of the
Earth station.

* Direct data readout (Geostationary) (System D). A moderate data rate downlink (up to
15 Mbps) from a geostationary satellite. This would also be a low-cost Earth station
facility which receives real time data.

The resulting interference criteria for these representative systems are given in Table 2.
These criteria are given based on a minimum bandwidth of 10 MHz for EES systems at 26 GHz.

Table 3 contains interference related characteristics for the fixed service operating in the
25.5 - 27.0 GHz frequency band.

3. Interference from an EES satellite to DRS Return Links

The frequency band 25.5 - 27.0 GHz is currently allocated to the Inter-satellite service,
limited to space research, Earth-exploration satellite and industrial and medical activities in space.
Data relay satellites (DRSs) from the United States, Japan and ESA are currently being developed
to operate in this band. A data relay satellite receives information transmitted by scientific satellites
in low-Earth orbit (return link) and re-transmits it to back down to an Earth station. The
hypothetical reference circuit for a DRS system is given in ITU-R SA.1018.

The emissions of EES satellite downlinks will typically be directed towards Earth stations
with a minimum elevation angle of 5°. Because these stations are very near the limb of the Earth as
seen from the EES satellite, some of the EES near mainbeam emissions miss the Earth and

possibly cause interference in a data relay satellite in geostationary orbit. This situation is illustrated
in Figure 1. '



EES
GEO

Figure 1 - Worst-Case Interference Geometry, EES to DRS

The victim ISS receiver is taken to be a geostationary DRS receiving a return link from a
low-orbit scientific satellite. The aggregate interference criteria for interference in a DRS receiver is
given in Recommendation ITU-R SA. 1155. This criteria is -178 dB(W/kHz), to be exceeded for
no more than 0.1% of the time. The interfering EES system has a large bandwidth relative to the
interference criteria, so, for simplicity, the criteria can be taken to be -148 dBW/MHz. Under
current regulations, the DRS can expect to receive interference from the Fixed service in excess of
this level for a percentage of time of approximately 0.1%. In order to avoid exceeding the
aggregate interference criteria, the percentage of time that the interference from the EES exceeds the
-148 dBW/MHz level must be maintained at a fraction of the 0.1% criteria. This effectively limits
the percentage of time that the interference level of -148 dBW/MHz can be exceeded t0 0.01%.

The -148 dBW interference level equates to a PFD at a location on the geostationary orbit of
-154 dBW/m? in 1 MHz. Considering the antenna pointing statistics of a geostationary DRS
satellite antenna relative to the Earth, the percentage of time that the PFD threshold of -154

dBW/m?2 in 1 MHz can be exceeded can be set to 1% of the time towards a geostationary orbit
location.

The levels of interference entering the DRS receiver, assuming the worst case geometry
shown in Figure 1, can be calculated as shown in Table 4. As can be seen in the Table, the
interference levels in Systems A, B and C, which are in low-Earth orbit exceed the PFD threshold
by up to 11 dB. However, because of the high gain antennas used on the satellites, the antenna will

point towards a specific location on the geostationary orbit well below 1% of the time, so the
interference criteria are met for these systems.

The interference produced by the geostationary System D, however, exceeds the PFD
threshold by nearly 26 dB. This value can, however, be reduced to acceptable levels by

coordination of orbital positions relative to DRSs to avoid the straight-line path tangent to the Earth
shown in Figure 1.



4. Interference from an ISS satellite to an EES receiving Earth station

Interference from a DRS user satellite to an EES receiving Earth station was evaluated
using two different sets of parameters. In the first analysis, the DRS user is assumed to emit at the
maximum levels permitted by the PFD limitations of Article S21. In the second analysis, which
takes into account the practical aspects of DRS design, the DRS user was assumed to have a |
meter antenna which was continuously pointed at a geostationary DRS. In this situation, the DRS
user emissions equal the PFD limits for only a brief period on the horizon, and then fall well below
the limits.

4.1 Analysis assuming the DRS user emits at the PFD limit

The low-Earth orbit EES system characteristics are taken from System B in Table 1 with
the EES Earth station assumed to be located at 60° North latitude. The EES satellite is assumed to
have an inclination of 98°. The different low-Earth orbit EES systems in Table 1 would exhibit
essentially the same visibility statistics because they have similar orbital characteristics and
interference criteria.

The DRS user interferer is modeled at a 300 km altitude, 28.5° inclination. The DRS user
power level was selected so as to equal the PFD limits for all angles of arrival. The simulation was
run for 650 days at 0.1 minute intervals. The EES satellite was visible to its Earth station 8% of the
time. Both the EES and DRS user were simultaneously visible above 5° elevation to the Earth

station 0.16% of the time. The emissions from the satellite exceeded the Earth station interference
criteria about 0.002% of the time.

A similar calculation was also made for the geostationary case (System D). Assuming a 5°
Earth station antenna elevation, the power into the Earth station receiver will exceed the interference
criteria by 35 dB. The discrimination in the narrow beam Earth station antenna will exceed 35 dB
any time the DRS user is more than 1.8° away from the mainbeam of the Earth station antenna.
The probability of this is approximately 0.006.

There may be multiple DRS user spacecraft operating co-channel with an EES Earth
station, however it is unlikely that the cumulative effect of the DRS user spacecraft would approach
the 0.1% interference unavailability value.

4.2 Analysis with a typical DRS user antenna

As a second approach to the analysis of interference from a DRS user spacecraft into an
EES Earth station, the maximum levels of interference into an EES Earth station were calculated
when a DRS user satellite is in the mainbeam of the Earth station at angles of elevation of 5° and
90° . In this case, the DRS user was assumed to have a | m antenna pointed at a geostationary
DRS satellite. The Earth station was located on the limb of the Earth as seen from the DRS and the

power level of the DRS user was determined so as to equal the PFD limits for 0° angle of arrival.
A reference bandwidth of 10 MHz is used.

As seen in Table 5, the interference coupled into the Earth station receiver is well below the
interference criteria in all cases for this typical DRS user.



5. Interference from EES satellites to the Fixed and Mobile services

PFD limits on space station emissions near 26 GHz are currently contained in Article
S21(formerly Article 28) of the Radio Regulations. The current limits are:

Limit in dB(W/mz) for angle of arrival (3) above the horizontal plane Reference Bandwidth
o°-5° 5° - 28° 25° - 90°
-115 -115 + 0.5(5-5) -105 1 MHz

The PFD calculations shown in Figure 5 show that the EES downlinks can operate within
these limits.

6 . Interference from the Fixed and Mobile services to an EES receiving Earth
station

Appendix S7 (formerly Appendix 28) provides the method and parameters, augmented by
the Pr(p) values given in Table 1 of Annex D, for determining the coordination area around a
receiving Earth station near 26 GHz. Sharing between transmitting terrestrial stations and receiving
Earth stations is usually accomplished through the Earth station coordination process, which takes
into account site specific characteristics such as antenna pointing directions, occupied bandwidth

and local topography. Three different types of EES downlink systems are foreseen near 26 GHz.
These are:

* Wide band signals for dumping recorded sensor data, with data rates up to 1
Gbps. This service requires a few complex Earth stations. For US systems,
fewer than 10 sites are currently contemplated and, because of the orbital
dynamics, these will generally be located at high latitudes.

* Narrow band direct broadcast of real-time sensor data, with data rates of about
10 - 40 Mbps. This service will require less complex Earth stations, though
high Earth station antenna gains will still be required to complete the link.
Typical sites for these Earth stations will be universities and private
meteorological organizations.

* Transmission of wideband real-time sensor data, typically up to 1 Gbps, using
narrow spot-beam satellite antennas directed towards specific receiving Earth
stations. The use of high-gain satellite antennas permits reception with very

small Earth terminals which may be deployed to many different types of
locations.

The small size of these receive Earth terminals will make it easier to coordinate with
terrestrial services by means of site shielding techniques. Narrow band Earth stations can be

coordinated on a frequency separation basis. Major downlink facilities can be coordinated on a
geographical separation basis.



7. Sharing within the EES service

Sharing between systems within the Earth exploration-satellite service will be greatly
facilitated due to the narrow (0.3 to 2°) beam antennas on the EES satellites and Earth stations. In
addition, the allowed percentage of time unavailable due to interference is a relatively large 0.1% of
the time. As shown in section 4, the probability of an interfering satellite being within the
mainbeam of an EES Earth station antenna while it is receiving from another satellite is very small,
approximately 0.002%. In those cases in which co-channel frequency sharing is not possible,
some frequency separation may be necessary.

8. Results

Interference from EES satellites into DRS return links, operating in the ISS, would be
acceptable if the EES satellite does not produce a PFD greater than -154 dBW/m* in 1 MHz at any
location on the geostationary orbit for more than 1% of the time.

Interference from DRS user satellites, operating in the ISS, into EES Earth stations
communicating with low-Earth orbit EES satellites, will be acceptable due to existing satellite PFD
limits and orbital statistics. Coordination will be required between geostationary EES satellites and
geostationary DRS (ISS) satellites.

Interference from EES satellites into Fixed and Mobile receivers will be acceptable under
the PFD limits of S21 (formerly Article 28) which are currently applicable in the band.

Coordination of EES Earth stations and fixed and mobile stations will be necessary.

Appendix S7, augmented by the Pr(p) values given in Table 1 of Annex D, currently contains
parameters for this band.



- Table 1. 26 GHz Performance Analysis

1 Frequency Band (MHz) 26,000.0

2 System Example A B Cc D

3 Type of Earth Station Recorded data Direct data Direct High-Speed| Direct

acquisition readout data read-out data

readout
(GSO)

4 Percentage of time (p) 0.1 20.0 0.1 20.0 0.1 20.0

5 Elevation angle (exceeded for 1-p) 5.0 13.0 5.0 13.0 5.0 13.0 5.0

6 | Satellite antenna input power (dBW) 13.0 13.0 13.0 13.0 13.0 14.8 9.0

7 Satellite antenna gain {dBic) 28.0 28.0 25.0 25.0 39.1 39.1 418

8 Satellite EIRP (dBW) 41.0 41.0 38.0 38.0 52.1 53.9 50.8

9 Free space loss (dB) 189.0 | 186.6 | 189.0 186.6 | 188.8 | 186.4 | 213.0

10 Excess path loss (dB) 6.4 1.0 6.4 1.0 6.4 1.0 7.1

11 Earth station antenna gain (dBic) 55.2 55.2 42.5 425 42,5 38.0 60.1

12 Antenna miss-pointing loss (dB) 0.5 0.5 0.5 0.5 0.5 0.5 0.1

13 Polarization mismatch loss (dB) 0.2 0.2 0.2 0.2 0.2 0.2 0.1

14 § Modulator and demoduiator losses 2.0 2.0 2.0 2.0 2.0 2.0 1.5

(dB)

15 | Receiver reference bandwidth (MHz) | 1,340.0| 1,340.0| 53.8 53.6 | 1,340.0]1,340.0| 10.1

16 Data rate (dB Hz) 90.0 90.0 76.0 76.0 90.0 90.0 71.8

17 | Received energy per bit (1BW/Hz), Eb| -191.9 | -184.1 | -193.6 | -185.8 | -193.3 | -188.2 | -182.6

18 | Receiver system noise teamperature | 715.9 | 557.6 | 715.9 | 557.6 | 552.7 | 272.8 | 715.4

(K)
19 1Thermal noise power density (dBW/Hz)| -200.1 | -201.1 | -200.1 | -201.1 | -201.2 | -204.2 | -200.1
20 Non-thermal noise power density - - - - - - .
(dBW/Hz)
21 Total internal noise power density -200.1 | -201.1 | -200.1 | -201.1 | -201.2 | -204.2 | -200.1
(dBW/Mz), No

22 Eb/No 8.2 17.0 6.5 15.3 7.9 16.1 17.4

23 Link bit-error ratio 10 107 10 10 107 107 107

24 Satellite data handling error ratio 50107 | 56107 . - - - -

25 Overall received bit-error ratio 1.5¢10%] 1.5¢ 10%]| 10 1078 107 107 107

26 Threshold Eb/No (or C/N) (dB) 3.9 3.9 3.9 39 3.9 3.9 10.5

27 Power margin (dB) 43 131 2.6 11.4 4.0 12.2 6.9




Table 2. Interference criteria

Frequency Band (MHz) and
type of Earth station

Interfering signal power (dBW) in the
reference bandwidth to be exceeded
for no more than 20 % of the time

Interfering signal power (dBW) n the
reference bandwidth to be exceeded
for no more than p% of the time.

25.5 - 27.5 GHz,
55.2 dBic antenna, for
recorded data acquisition (A)

-131.6 dBW per 10 MHz during
reception at elevation angles > 5°

-122.0 dBW per 10 MHz during
reception at elevation angles 2> 5°

60.1 dBic antenna, for direct
data readout (geostationary

at elevation angles > 5°

25.5 - 27.5 GHz, -133.4 dBW per 10 MHz during -124.1 dBW per 10 MHz during
42.5 dBic antenna, for direct | reception at elevation angles > 5° reception at elevation angles 2 5°
data readout(B)

25.5 - 27.5 GHz, -135 dBW per 10 MHz during reception | -123.4 dBW per 10 MHz during
42.5 dBic antenna, for high- at elevation angles 2 5° reception at elevation angles > 5°
speed direct data readout(C)

25.5 - 27.5 GHz, -128 dBW per 10 MHz during reception | -119.1 dBW per 10 MHz dunng

reception at elevation angles > 5°

satellite(D)
Table 3. Fixed service interference characteristics
Modulation FSK DFSK FSK
Capacity (Mbit/s) 6 8
Channel spacing (MHz) 40 20
Antenna gain (dB) 20 47 47 35 15
Feeder/Mux loss (min.) (dB) 0 0 0 0 0
Antenna type (typical) 90 deg sect dish dish dish omni
Max. Tx Output power (dBW) -8 -10 -10 -12 clear -12 clear
0.0 rain 0.0 rain
e.i.r.p. (MAX) (dBW) 10 37 37 -24 clear 3 clear
35 rain 15 rain
Receiver IF bandwidth (MHz) 16.4 16.4 16.4 52 52

Sources:

“Considerations In The Development Of Criteria For Sharing Between The

Terrestrial Fixed Service And Other Services,” (Rec. [TU-R F.758).

“Considerations For Bandsharing Between The Inter-Satellite Service And The Fixed
Service Emplying Local Multipoint Communications Systems,” (Doc. 9D/[CAN 1]).




- Table 4. Interference from EES to DRS receivers

A B Cc D
Recorde | Direct | Direct | Direct
d data data High- data
acquisiti | readout| Speed | readout
on data {GSO)
read-out
Satellite antenna input power (dBW) 13.0 13.0 13.0 9.0
Mainbeam sateliite antenna gain(dBi) 28.0 25.0 39.1 41.8
Signal bandwidth (MHz) 1,340.0| 53.6 | 1,340.0] 10.1
Off-axis angle to the horizon from 5° 0.5 0.5 0.5 0.0
pointing angle (degrees)
Satellite e.i.r.p (MHz towards horizon, dBW)} -3.3 7.7 7.0 31.8
Distance to DRS (km) 44,7680 | 44,760 | 44,760 | 83,358
Space loss (dB) 2138 | 2138 | -2138 | -219.2
Mainbeam gain of DRS (dBi) 56.0 56.0 56.0 56.0
Interference received (dBW) -161.1 | -150.1 | -150.8 | -131.4
Interference criteria (dBW) in 1 MHz -148.0 | -148.0 | -148.0 | -148.0
Margin relative to criteria 0.1 -10.9 -10.2 -25.8




Table 5. Interference from typical DRS user into an EES Earth station

A 8 C D
Type of Earth station Recorded data Direct data readout | Direct High-Speed| Direct data readout
acquisition data read-out (GSQ)
Angle of elevation 5.0 80.0 5.0 90.0 5.0 80.0 5.0 90.0
{degrees)
DRS user oft axis angle to 49 90.0 4.9 90.0 49 90.0 4.9 90.0
Earth station (degrees)
DRS user Transmitter -12.6 -12.6 -12.6 -12.6 -12.6 -12.6 -12.6 -12.6
power (dBW/10 MHz)
DRS user gain towards 16.1 -8.7 16.1 -8.7 16.1 -8.7 16.1 -8.7
EES Eanth station
Distance, DRS userto ES | 1,604.0 333.0 1,604.0 333.0 1,604.0 | 333.0 1,604.0 333.0
Space loss -184.8 -171.2 -184.8 -171.2 -184.8 | -171.2 -184.8 -171.2
Gain, Eanh station 55.2 55.2 42,5 42.5 42.5 38.0 60.1 60.1
antenna (dBi)
Atmospheric attenuation -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0
(dB)
| received (dBW/10 MHz) | -129.2 -140.2 -141.9 -152.8 -141.9 | -157.4 -124.3 -1356.3
interference criteria (dBW| -122.0 -122.0 -124.1 -124.1 -123.4 | -123.4 -119.1 ~119.1
in 10 MHz)
Margin to interference 7.2 18.3 17.8 28.9 185 34.0 52 16.2
(dB)
PFD (dBW/m2 in 1 MHz) -141.8 -152.7 -141.8 -152.7 -141.6 | -152.7 -141.6 -162.7
10 10



ANNEX A

UNITED STATES OF AMERICA

DRAFT REVISION OF
PRELIMINARY DRAFT NEW RECOMMENDATION 7C/TEMP/21

FEASIBILITY OF SHARING BETWEEN THE EARTH EXPLORATION-
SATELLITE SERVICE AND THE INTER-SATELLITE, FIXED AND MOBILE
SERVICES NEAR 26 GHZ

Modify the recommends as follows:

1)) that sharing between transmitting EES satellites and receiving Data Relay Satellites
operating in the ISS near 26 GHz is feasible given the following constraints: FFBBY

-__EES llite shall i (d than -154 dBW/ 2. L MH

locas l : biL f tha 1% of the G

2) that, when designing EES systems, the probability of receiving brief periods of
interference from DRS user satellites in the ISS should be taken into account. This interference
would exist for less than 0.1% of the time;

3) that EES systems be designed to operate within the currently applicable power flux
density limits applicable in the band:

Limit in dB(W/m2) for angle of arrival (5) above the horizontal plane Reference Bandwidth
-5 5° - 25° 25°-90°
-115 -115 + 0.5(5-5) -105 1 MH2

4) That-metheds-of sCoordination between EES receiving Earth stations and the Fixed

and Mobile transmitting stations will be necessarv-need-te-be-investigated-further, taking into
account the unique characteristics of systems planned for this band.
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ANNEX B

UNITED STATES OF AMERICA

DRAFT REVISION OF RECOMMENDATION ITU-R SA.1025

PERFORMANCE CRITERIA FOR SPACE-TO-EARTH DATA TRANSMISSION
SYSTEMS OPERATING IN THE EARTH EXPLORATION-SATELLITE AND
METEOROLOGICAL-SATELLITE SERVICES USING SATELLITES

IN LOW-EARTH ORBIT

Add the following row to Table 1:

Frequency Satellite Modulation Appilicable Minimum C/N | Percentage of | Function and
Band (MHz) Service Elevation or Maximum Time Type of Earth
Angles BER Station

25500 - Earth digital 2s° 10-5 BER 99.9 recorded data
27 000 exploration acquisition
and direct

data readout
12

12



ANNEX C

DRAFT REVISION OF RECOMMENDATION ITU-R SA.1026

INTERFERENCE CRITERIA FOR SPACE-TO-EARTH DATA TRANSMISSION
SYSTEMS OPERATING IN THE EARTH EXPLORATION-SATELLITE AND
METEOROLOGICAL-SATELLITE SERVICES USING SATELLITES

IN LOW-EARTH ORBIT

1) Add the following rows to Table 1:

Frequency Band (MHz) and
type of Earth station

Interfering signal power (dBW) in the
reference bandwidth to be exceeded
for no more than 20 % of the time

Interfering signal power (dBW) in the
reference bandwidth to be exceeded
for no more than p% of the time.

25.5 - 27.5 GHz, -131.6 dBW per 10 MHz during -122.0 dBW per 10 MHz during
55.2 dBic antenna, for reception at elevation angles 2 5° reception at elevation angles > 5°
recorded data acquisition (A)
25.5 - 27.5 GHz, -133.4 dBW per 10 MHz during -124.1 dBW per 10 MHz during
42.5 dBic antenna, for direct | reception at elevation angles 2 5° reception at elevation angles > 5°
data readout(B)
255 - 27.5 GHz, -135 dBW per 10 MHz during reception | -123.4 dBW per 10 MHz during
42.5 dBic antenna, for high- | at elevation angles > 5° reception at elevation angles > 5°
speed direct data readout(C)
25.5 - 27.5 GHz, -128 dBW per 10 MHz during reception | -119.1 dBW per 10 MHz during
60.1 dBic antenna, for direct | at elevation angles 2 5° reception at elevation angles > 5°
data readout (geostationary
satellite(D)

13 13




2) Add the following columns to Table 2

Frequency Band (MHz) 26 000
Type of Earth Station Recorded data Direct data Direct High-Speed | Direct
acquisition readout data read-out data
readout
(GSO)
Percentage of time (p) 0.1 20.0 0.1 20.0 0.1 20.0 -
Elevation angle (exceeded for p) 5.0 13.0 5.0 13.0 5.0 13.0 5.0
Satellite antenna input power (dBW) 13.0 13.0 13.0 13.0 13.0 14.8 9.0
Sateliite antenna gain (dBic) 28.0 28.0 25.0 25.0 -39.1 39.1 41.8
Satellite EIRP (dBW) 41.0 41.0 38.0 38.0 52.1 53.9 50.8
Free space loss (dB) 189.0 | 186.6 189.0 | 186.6 | 188.8 186.4 | 213.0
Excess path loss (dB) 6.4 1.0 6.4 1.0 6.4 1.0 71
Earth station antenna gain (dBic) 55.2 55.2 425 42.5 425 38.0 60.1
Antenna miss-pointing loss (dB) 0.5 0.5 0.5 05 0.5 0.5 0.1
Polarization mismatch loss (dB) 0.2 0.2 0.2 0.2 0.2 0.2 0.1
Modulator and demodulator losses 2.0 2.0 2.0 2.0 2.0 2.0 1.5
(dB)
Receiver reference bandwidth (MHz) | 1,340.011,340.0| 53.6 53.6 |1,340.0]1,340.0] 10.1
Data rate (dB Hz) 90.0 90.0 76.0 76.0 90.0 90.0 71.8
Received energy per bit (dBW/Hz), Eb| -191.9 [ -184.1 | -193.6 | -185.8 { -193.3 | -188.2 | -182.6
Receiver system noise temperature | 7159 | 5576 | 715.9 | 557.6 | 552.7 | 2728 | 715.4
(K) .
Thermal noise power density (dBW/Hz)| -200.1 | -201.1 | -200.1 | -201.1 | -201.2 | -204.2 | -200.1
Non-thermal noise power density - - - - - - -
{dBW/Hz)
Total internal noise power density -200.1 | -201.1 | -200.1 | -201.1 | -201.2 | -204.2 | -200.1
(dBW/Hz), No
Eb/No 8.2 17.0 6.5 15.3 7.9 18.1 17.4
Link bit-error ratio 10 1078 107 10 10 10 1077
Satellite data handling error ratio 5¢107 | 50107 - - - - .
Overall received bit-error ratio 1.50108|1.5¢10%} 10°¢ 10 1078 1078 107
Threshold EbNo (or C/N) (dB) 3.9 3.9 3.9 3.9 3.9 3.9 10.5
Power margin (dB) 43 131 | 28 11.4 4.0 12.2 6.9

14
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ANNEX D

DRAFT REVISION OF RECOMMENDATION ITU-R SA.1027

SHARING AND COORDINATION CRITERIA FOR SPACE-TO-EARTH DATA
TRANSMISSION SYSTEMS IN THE EARTH EXPLORATION-SATELLITE AND
METEOROLOGICAL-SATELLITE SERVICES USING SATELLITES IN LOW-
EARTH ORBIT

Add a new section 7
7 25.5 - 27.0 GHz band

The 25.5 - 27.0 GHz band is allocated to the fixed, mobile and inter-satellite services
(ISS). Potential sources of interference on EES space-to-Earth paths-are other EES system
satellites, ISS satellites and terrestrial fixed and mobile systems. No long term interference is
assumed to occur on the EES space-to-Earth path due to EES and ISS satellites emissions because
of the constant movement of the satellites (i.e. for most of the time there is no interferer in view or
high levels of Earth station antenna discrimination are available). In the short-term, interference
may occur between EES and ISS satellite systems on space-to-Earth paths, although interference
on terrestrial signal paths will predominate.

15
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Add the following columns to Table 1

Frequency Band
{MHz) and type of
Earth station

Interfering signal power (dBW) in the
reference bandwidth to be exceeded
for no more than 20 % of the time

Interfering signal power (dBW) in the
reference bandwidth to be exceeded for
no more than p% of the time.

Interfering signal path

Interfering signal path

Space-to-Earth Terrestrial Space-to-Earth Terrestrial
25.5-27.5GHz, | -131.6 dBW per 10| -131.6 dBW per 10 | -122.0 dBW per 10 | -122.0 dBW per 10
55.2 dBic antenna, MHz during MHz during MHz during MHz during
for recorded data reception at reception at reception at reception at
acquisition (A) elevation angles > | elevation angles > | elevation angles > | elevation angles >
5° 5° 5°, p=0.01 5° p=0.01
25.5-27.5 GHz, | -133.4 dBW per 10| -133.4 dBW per 10| -124.1 dBW per 10 | -124.1 dBW per 10
425 dBic antenna, MHz during MHz during MHz during MHz during
for direct data reception at reception at reception at reception at
readout(B) elevation angles > | elevation angles > | elevation angles 2 | elevation angles 2
5° ' 5° : 5° p=0.01 5° p=0.01
25.5 - 27.5 GHz, -135 dBW per 10 -135 dBW per 10 | -123.4 dBW per 10 | -123.4 dBW per 10
425 dBic antenna, MHz during MHz during MHz during MHz during
for high-speed reception at reception at reception at reception at
direct data elevation angles > | elevation angles > | elevation angles 2 | elevation angles >
readout(C) 5° 5° 5° p=0.01 5° p=0.01
25.5 - 27.5 GHz, -128 dBW per 10 -128 dBW per 10 -119.1 dBW per -119.1 dBW per
60.1 dBic antenna, MHz during MHz during 10 MHz during 10 MHz during
for direct data reception at reception at reception at reception at
readout elevation angles 2 | elevation angles > | elevation angles > | elevation angies >
(geostationary 5° 5° 5°, p=0.01 5°, p=0.01
satellite(D)
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Add the following columns to Table 2

Frequency Band
(MHz)

25500 -27 000

Type of Earth Station

Recorded data
acquisition and
direct data readout

Short term Space-to-Earth 20%
apportionment interference paths
between categories
Terrestrial 80%
interference paths
Long term Space-to-Earth 1%
apportionment interference paths
between categories
Terrestrial 99%
interference paths
Equivalent number of Space-to-Earth 1
shont-term interference paths
Interferers
Terrestrial 2
interference paths
Equivalent number of Space-to-Earth 1
long term interferers interferance paths
Terrestrial 2
interferance paths
17
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41 GHz Suitability for
Whole or Partial Accommodation

of LMDS

Comments of the
National Aeronautics and

Space Administration



1.0 41 GHz Offers LMDS Expansion Opportunity

FCC ET Docket 94-124, RM-8308 proposes designation of the band 40.5-42.5 GHz (here
after referred to as 41 GHz) for local millimeter wave service (LMWS) and further suggests
that rules proposed to govern LMDS services in the 28 GHz band could be adopted at 41 GHz.
A recent compromise allocation plan submitted to the FCC on May 12, 1995, by Wiley, Rein
& Fielding provided 1000 MHz of spectrum to accommodate LMDS in the 28 GHz band.
While such an allocation would be substantial for offering LMDS services, it may be
considered by some LMDS proponents as falling short of the spectrum needed to provide the
variety of future LMDS services that they envision. These future needs, however, could well
be accommodated by the proposed LMWS designation at 41 GHz. The compromise allocation
plan would allow immediate introduction of LMDS services at 28 GHz and provide time for

the necessary 41 GHz technologies to be developed for LMDS service expansion in the near
future.

The following information addresses the suitability of 41 GHz for future LMDS operation and
examines the technical and financial feasibility for such operation. NASA has examined the

propagation environment, frequency dependent equipment components, equipment availability
and cost impact of providing LMDS services at 41 GHz vis-a-vis 28 GHz. What follows will

clearly show that future LIMDS service requirements can be accommodated in a cost effective
and timely manner.

2.0 41 GHz Propagation Environment

Several factors must be considered when examining the propagation environment that would
effect LMDS system operations at any frequency. These include attenuation due to rain,
gaseous attenuation caused by oxygen molecules and water vapor in the air, foliage
attenuation, and reflective and diffractive properties of buildings, etc. in the path of radio

signals. Each of these are discussed below with comparison made between 28 GHz and 41
GHz.

2.1 Rain Effects

For comparative evaluation purposes, the characteristics of the CellularVision system as given
during the LMDS/FSS 28 GHz NRMC will be used in the calculations that follow. For
service in rain zone D2, a 4.8 ki cell radius was proposed. A 13 dB rain margin is needed to
achieve 99.9% availability. For the 4.8 km radius cell, 13 dB margin translates to 2.7 dB/km
(13 dB/4.8 km = 2.7 dB/km). Using eq 1 from CCIR Report 721-2:

V= kR® (1)



