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ET Docket No. 94-124 and RM-8308

Dear Chairman Hundt:

I am writing on behalf of WinStar Communications, Inc., in
connection with the Commission's on-going rulemaking
concerning, among other things, the possibility of sharing
between terrestrial fixed services ("FS") and fixed
satellite services (IIFSS") in the 37-40 GHz band. As
detailed below, WinStar believes that sharing is unworkable
between the two services, especially in the 38.6-40.0 GHz
portion of the band.

Although much of the 37-40 GHz band is currently without
service rules, the Commission has issued significant
numbers of licenses for terrestrial services in the 38.6
40.0 GHz band. As noted in Appendix E, WinStar holds
licenses in that band for forty-one of the largest fifty
markets in the United States. In addition to providing
nationwide service as a carrier's carrier and competitive
access services in twenty-seven states, WinStar will, over
the next three years, rollout its competitive local
exchange service in all of those markets. Indeed, WinStar
has already initiated commercial service as a CLEC
(competitive local exchange carrier) in New York City and
intends to be operating as a CLEC in at least twelve major
market areas by the close of 1997.

As detailed in the attached engineering reports (Appendices
A-D), WinStar believes that sharing is operationally and
economically infeasible between the FS and FSS services in
the 37-40 GHz band. Although Motorola Satellite Systems,
Inc.'s ("Motorola") sharing proposal assumes the contrary,
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many of its fundamental assumptions are flawed in that they
are based on propagation information valid only for
services below 12 GHz. Co-frequency sharing between the FS
and FSS services is also unworkable because of the minimum
separation distances required between the two services,
normally in the tens of kilometers. Additionally,
Motorola's proposed sharing criteria would hamper
significantly the future development and operation of FS
services in the 37-40 GHz band. Consequently, WinStar
believes that band segmentation would be a more effective
method of spectrum utilization. WinStar notes that band
segmentation was ultimately necessary to resolve similar
issues in the 28 GHz proceeding. WinStar's proposed band
plan for the United States is attached as Appendix F.

Thank you for considering this matter.

Sincerely,

])L~~~
Philip L. Verveer

cc: Commissioner Susan Ness
Commissioner Rachelle Chong
Commissioner James Quello
Blair Levin
Jackie Chorney
Julius Genachowski
Michele Farquhar
Donald Gips
Ruth Milkman
John Stern
Karl Kensinger
Joe Heaps
Damon Ladson
Steve Sharkey
Rosalind Allen
D'wana Speight
David Horowitz
Robert James
Susan E. Magnotti
Michael Marcus



APPENDIX A:
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INDEX TO APPENDICES

Document Title: Factors Preventing the Application of
Automatic Transmit Power Control and e.i.r.p. Density Limits
to Facilitate FSIFSS Sharing in Frequency Bands Above 30
GHz

Document: Ad Hoc MWIDG-

Authors: G. Ax
W. Roehr
J. Dicks
W. Sonnenfeldt

Date: December 10, 1996

This document describes the constraints that would be imposed
on FS users by Automatic Transmit Power Control and the
e.i.r.p. density limits. It demonstrates that certain of Motorola's
fundamental assumptions are flawed as they are based on
propagation information valid only for services below 12 GHz.
In addition, Motorola has not taken into account the fact that FS
operators have extensive plans to utilize high capacity spectrally
efficient advanced modulation equipment that cannot function
effectively with the e.i.r.p. density limitation. The conclusion
reached is that the proposed sharing method is not acceptable to
FS users as it imposes severe constraints on both present
operating systems and future growth opportunities. The most
effective method of sharing the band continues to be some degree
of band segmentation.
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APPENDIX B: Document Title: Analysis of the Potential for Harmful
Interference Between the Fixed Service and the Fixed SateUite
Service in Frequency Bands Above 30 GHz

Document:

Authors:

Date:

USWP 4-9S/23

Walter H. Sonnenfeldt
Ross R. Sorci
Jack Dicks

December 10, 1996

0024362.01

Using characteristics of typical FS equipment in use today, as
well as some now under development, the interference between
the FS networks and Motorola's proposed M-Star Non-GSa
satellite network has been evaluated. This document shows that
the minimum required separation distance between stations of the
FS and FSS services is so great that it renders co-frequency
operation of these two services in bands above 30 GHz
operationally and economically infeasible. The extent of
interference is determined based on a number of causes, ~.,
main-beam to main-beam, main-beam to sidelobe and sidelobe to
sidelobe. In cases where the interference exceeds the agreed
criteria of -13db, a minimum required separation distance
between the stations must be calculated. Depending on the
specific interference condition, the separation distances range
from a worst case radius of approximately 96 Km to a minimum
of 570 m. Since the M-Star earth station scans a circular area of
22° above the horizon, the minimum actual separation would
normally be in the tens of kilometers, depending on the actual
location and pointing direction of the FS interfering stations.
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APPENDIX C: Document Title: Identification ofFrequency Bands Above
30 GHzfor Use by the Fixed Service

Document:

Authors:

Date:

USWP 9B/3 Rev. 1

Denis Couillard
Jimmy Hannan
Ferdo Ivanek
Joseph M. Sandri, Jr.
WalJer H. Sonnenfeldt

November 19, 1996

APPENDIX D:

This document is a proposed contribution to Section 7.5 of the
CPM-97 Report addressing the WRC-97 agenda item concerning
frequency bands above 30 GHz. ITU-R studies to date provide
an indication that high density fixed terrestrial and satellite
services with co-located or closely spaced subscribers are in
principle incompatible for band sharing purposes. The
conclusion reached is that in the case of the 37.5 - 40.5 GHz and
47.2 - 50.2 GHz bands, the use of band segmentation would
allow each service to be deployed to its full potential in terms of
subscriber density, system capacity, service quality, cost
effectiveness, and spectral efficiency.

Document Title: Memorandum to Pantelis Michalopoulos
regarding: MiUimeter Wave Drafting Group -- AD Hoc MW
Document 49

Authors:

Date:

Joseph M. Sandri
Michael F. Finn
C. Grace CampbeU

November 13, 1996

0024362.01

Appendix A - Fixed Service Point-to-Point Hubs:

This document provides a general description of WinStar plans to
implement its networks to meet user requirements, and the
expected manner in which long term growth will be
accommodated. Information also is provided on the anticipated
spectrum efficiency that will be realized.
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Appendix B - Sharing Analysis Between the Fixed Service and
Fixed Satellite Service in the 37 - 40.5 GHz
Frequency Band:

This document presents an evaluation of the impact that
Motorola's proposed M-Star satellite system, together with the
sharing criteria proposed by Motorola, will have on Fixed
Service users in the 37 - 40.5 GHz band. The document .
concludes that Motorola's proposed sharing criteria would
severely restrict future FS operations and development, and that
band segmentation would be a more effective method of spectrum
utilization. The severe constraints that the proposed use of ATPC
and the e.i.r.p. density limit of -28.4 dBW/MHz would have on
FS users are discussed. The level of interference was calculated
for each of the potential interference conditions, y., the
downlink interference from M-Star satellite into the FS receivers,
and the interference from the FS transmitters in the FSS earth
station receivers. Some inconsistencies in the M-Star application
are also identified.

APPENDIX E:

APPENDIXF:

0024362.01

Document Title:

Dates:

Document Title:

WinStar Press Releases
The WinStar Network -- Background

December 4, 1996
November 13, 1996
November 6, 1996
October 25, 1996
August 26, 1996
August 22, 1996
August 13, 1996

Proposed Band Plan For
The United States Re: 37-40 GHz
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Contribution To Ad Hoc Millimeter Wave Advisory Group
Of the WRC-97 FCC Industry Advisory Committee

Authors: G.Ax
W. Roehr
1. Dicks
W. Sonnenfeldt

Document Ad Hoc MWIDG
10 December 1996

References: Document No. Ad Hoc MW/DG-1
Document No. Ad Hoc MWI 4O-Rev.4 (DG-3)
Document No. Ad Hoc MWI 48 (DG-4)
Document No. Ad Hoc MWIDG-7
Document No. Ad Hoc MWIDG-8

Input to Section II C(ii)

Factors Preventing the Application of Automatic Transmit Power Control and e.i.r.p.
Density Limits to Facilitate FS/FSS Sharing in Frequency Bands Above 30 GHz

1. Introduction

Documents Ad Hoc MW/DG-7 and DG-8 presented by Motorola primarily address the
proposed application of Automatic Transmit Power Control (ATPC) and e.i.r.p. density
limitations that hypothetically could be applied to redesign Fixed Service systems in an attempt
to facilitate cofrequency sharing between Fixed Service and Fixed Satellite Service systems in
bands above 30 GHz. As shown below, a requirement to redesign Fixed Service systems to
incorporate e.i.r.p. density limits and ATPC would severely constrain coverage and service
capabilities, is not technically practical from an equipment perspective, and would likely
increase rather than decrease inter-service interference.

It must be recognized that the use of ATPC on future FS links will not change the
thousands of links already deployed and providing service to end users in the range of 37
40.5 GHz in the United States and overseas. In addition, the broadband bit rates (OC-1 and
higher) demanded by users, in conjunction with the 50 MHz bandwidth licensed by the FCC,
require the use of relatively sensitive QAM modulation formats. These QAM formats result in
comparatively high power level requirements to meet necessary performance objectives. The
use of ATPC in conjunction with an e.i.r.p. density limitation will restrict these systems to
unreasonable short distances that would be measured in meters rather than Kilometers.

Motorola has not addressed our concerns regarding the service and coverage aspects of
deploying an unproven low - power FS type system dependent on extensive use of ATPC.
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Moreover, Motorola ignores the deleterious impact that imposing power density limits and
ATPC would have on plans to deploy advanced technology systems now under development
and close to procurement. In addition, it appears they have relied heavily on references
related to ATPC that specifically indicate that further study is required before the referenced
technique can be extended above 12 GHz, such as TIA Bulletin IITSB lO-F. (See Annex 4).
Finally, and of tremendous importance, Motorola has refused to address the significant
impact of uncorrelated fading effects even though this major problem has been repeatedly
raised.

2. Use of Automatic Transmit Power Control

Ad Hoc MW/48 identifies a number of issues that clearly demonstrate that the intensive
application of ATPC in the 37 - 40.5 GHz band will not remove the difficulty of both services
meeting their stated service objectives, and could worsen the results of such efforts. One
major issue raised in that document that has not been addressed to date is that of non
correlated fading, and its impact on both FS and FSS operations.

2.1 System Design Issues

Motorola in its documents continues to present information relating to an unproven
method of low-power operation of the Fixed Service, which requires that FS operators hold
their transmitted e.Lr.p. density to extremely low levels and demands the use of an extreme
level of ATPC. The deleterious impact of their proposed low e.i.r.p. density is discussed in
Section 3 below.

In Ad Hoc MW/DG-7 and elsewhere, Motorola states that it has relied heavily on TIA
Telecommunications Bulletin IITSB lO-F "Interference Criteria for Microwave Systems" in
developing its response to Ad Hoc MW/48. In our earlier response, we referenced this
document and in particular Section 4.3 titled" Automatic Transmit Power Control in Digital
Links". We believe that a careful reading of this whole section would leave the reader no
other view than that the application of ATPC in the bands in question here by the FS, as
proposed by Motorola, is wholly unsupported by TSB-I0F since the data contained in this
section applies generally to the use of ATPC below 12 GHz. In particular, Section 4.3.2
provides a good summary of the factors to be taken into account by users of the FS when
using the limited range of ATPC considered as potentially achievable (Le., 10 to 15 dB). The
impact of the use of ATPC is measured and quantified both in terms of power level increase
per event and on an annual basis. In concluding this section, the statement is made that "The
cumulative yearly time at maximum transmit power and the maximum transmit single power
duration event time offive minutes may not be appropriate for radios operating above about 12
GHz due to the impact of rain rates and duration on interference cases. Further study in this
area is needed".
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Motorola cannot credibly conclude from this reference that the application of ATPC in
the manner and for the purpose they have proposed has any technical basis in the bands above
30 GHz.

2.2 System Implementation Issues

There can be no disagreement on the fact that the FS radio transmissions in the range
of 40 GHz are impacted differently by rain related factors than those transmitted below 12
GHz. In frequency bands above 10 GHz where rain attenuation is significant, the use of
ATPC as proposed by Motorola to overcome the resultant signal fading can result in
unintentional harmful interference to adjacent links operating in the low-power mode, due to
rain scattering and sidelobe interference. For example, during heavy rain, the resultant
increase in transmit power due to ATPC will result in higher levels of sidelobe interference
and signal scattering by rain cells. Adjacent links which are not affected by the rain (and
which are continuing to operate under the low-power condition) could receive significant
interference, and considering the amount of power control necessary at 38 GHz, the
interference level could be extremely detrimental to overall performance. The victim receiver
no longer has a substantial margin against such interference. Annex 1 illustrates one example
of rain induced interference to systems in the FS.

It should be noted that current FS systems would not be substantially impacted by FSS
downlink interference except for Mainbeam coupling during a fading event. On the other
hand, implementation of FS ATPC would cause FS receivers to operate in the equivalent of a
faded condition at all times, rendering them susceptible to FSS downlink Mainbeam to FS
Sidelobe interference during a substantial percentage of every satellite pass.

2.3 Power Control Implementation

In Ad Hoc MW/DG-8, Motorola freely quotes from the above referenced TIA Bulletin
the benefits to be derived from the use of ATPC as described in the INTRODUCTION
(Section 4.3.1.) to Section 4.3 on ATPC in Digital links. On the other hand, the significant
constraints, system design relationships, and the fact that the technical data should not be
considered representative of performance above 12 GHz, as described in detail in Section
4.3.2, are ignored. Of particular importance is the fact that this bulletin states that further
study is needed for consideration of ATPC applications above 12 GHz.

In Section 3 of this document, generalized comments pertaining to how ATPC
improves various factors are made, Le.,

3. 1 Link Availability will be increased with ATPC
3.2 Total Life Cycle Cost will be Reduced with ATPC, and
3.3 Coordination will be simplified by the use of ATPC
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Further, in Appendix B, a design approach for implementing ATPC in FS equipment is
described.

We do not concur with the conclusions reached by Motorola, nor are the conclusions in
full agreement with all of the leading microwave radio equipment manufacturers. Some of the
more significant reasons why the assumption outlined in Appendix B cannot be implemented,
as proposed by Motorola, are as follows:

(i) Thousands of presently installed FS transmitters are not equipped with ATPC.
Costly redesign and total replacement of equipment would be required - at least 33 - 50
% increase in equipment cost to achieve > 10 dB of ATPC.

(ii) Using available 15 dB of FS ATPC with -22 dBW/MHz power density yields
totally unacceptable Fixed Service path lengths of only 100 meters to maintain
hypothetical interference protection to FSS at > 1 kIn radius from earth stations.

- If desired Fixed Service path length is maintained by increasing power, 1 kIn "FSS
secondary zone n increases out to as much as a 42.5 kIn radius.

(iii) Implementing ATPC requires two-way Fixed Service links - - it would preclude
one-way service.

(iv) Contrary to Motorola's claim, ATPC will not make FS equipment more reliable.

- Addition of ATPC will add failure points likely to reduce not increase MTBF

- Use of PIN diodes to implement ATPC, as advocated by Motorola, also will require
additional filtering, cost and complexity to avoid generating intermodulation and
spurious interference.

(v) Motorola's examples of its own millimeter wave ATPC implementations to multi
million dollar installations are solid testimonial to the impracticability of applying
ATPC to mass-market FS terminals as proposed.

3. Adverse Impact of E.I.R.P. Density Limitation

In Ad Hoc MW/48, we stated clearly that the requirement to meet an e.i.r.p. density
limitation of -28.4 dBW/MHz would have an unacceptable impact on both present and, in
particular, future system development. In its latest response, Motorola has proposed that the
limit could be increased by 6.4 dB to -22 dBW/MHz.

Reviewing the examples provided by Motorola as to how the FS could operate in a
low-power mode, we note that the C/N ratio remains at the 8 dB level. In addition, Motorola
exclusively uses 2 foot diameter antennas even though a 1 ft diameter antenna is normally used
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on the shorter length links. As stated in Document USWP 98/2 and referenced in Ad Hoc
MW/48 , high capacity FS systems now in development and expected to come into use in the
near future employ high spectral efficiency advanced modulation techniques that will require
receive C/N ratios in the region of 20 to 30 dB and higher, e.g. 256 QAM = 32dB. In order
to maximize their usefulness the e.i.r.p. levels will have to reach the 40 dBW level and in the
long term, the full authorized level of +55 dBW is expected to be utilized. Annex 2 and 3
attached have been extracted from this document for information purposes.

In Ad Hoc MW/48 the following examples were pointed out (using -28.4 dBw/MHz):

(i) An off-set OQPSK system results in approximately 7.5 dB margin at 1 km for many
locations in the U. S. For example, in New Orleans, to meet the required availability of
99.999%, the distance would be limited to around 0.5 km.

(ii) Assuming only free space propagation losses on the FS link, insufficient signal
level is received for an advanced 256-QAM system even for a path length of only 0.5 km. In
fact, the margin is used up after only 0.25 km distance. A 16-QAM system only has a margin
for normal operation of 0.7 dB at a path length of 1 km.

With an increase of 6.4 dB in e.i.r.p. density, the distances given above for these
systems would be approximately doubled. Furthermore, besides the distance being
insufficient, the performance would be dependent on as yet unproven ATPC control
algorithms.

Conclusion

In reviewing all the information provided to date, it is clear that the FS cannot operate
in the low-power mode with an e.i.r.p. density limitation, and still be in a position to meet its
service objectives. Major problems with no ready solution raised several times by the Fixed
Service parties remain unaddressed by Motorola and serve to demonstrate the unworkability of
their proposals:

i) the overall system impact on FS system operation of uncorrelated fading,

ii) the introduction of new systems using spectrally efficient advanced modulation
methods, and

iii) the ability to fully utilize the maximum e.i.r.p. power level authorized.

The only viable solution remains the same as that proposed in Ad Hoc MW/48, i.e.,
that separate exclusive FS and FSS allocations be established, with the FS retaining exclusive
use of its present allocation of 38.6 - 40.0 GHz and the 37 - 37.5 GHz band being kept
available for future' expansion. Under such a scenario there would also be ample spectrum for
robust high density FSS operation.
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ANNEXl

USER A

HUB

Under clear air conditions power to User A & User B is approximately equal. Sidelobe of the
A link transmitter (FCC Class A antenna) is 33 dB down towards User B. If rain causes 30
dB of attention ( and 30 dB of power increase on Link A) User B will experience 30 dB more
interference - the CII at B due to A will go from 33 dB to 3 dB. Clearly the power on the B
link will also need to be increased, which will in turn effect links C, D, etc. Rain induced
scattering of power from link A into receiver B will further increase the interference level
seen at B.
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11 The examples selected for this table are point-to-pomt advanced HDFS systems.

TABLE 2
CHARACTERISTICS OF EXAMPLE ADVANCED HDFS SYSTEMSlf

Modulation Type 16QAM 256 QAM

Frequency Range (GHz) 37.0 - 40.5 GHz 37.0 - 40.5 GHz

Data Rate/Capacity 90 310
(MB/sec)

Necessary Bandwidth 50 50
(MHz)

Transmitter Power (dBm) 26 26

Transmit e.Lr.p. (dBW) 35 (.33m) 35 (.33 m)
40 (.66m) 40 (.66 m)

Antenna Size (meters) .33 .33
.66 .66

Antenna 3 dB Beamwidth 1.7° 1.7°
1° 1°

Antenna Gain (dBi) 39 39
44 44

Receiver Noise Figure (dB) 5 5

Receiver Noise Temperature 917 917
(oK)

Receiver Sensitivity (dBm) -72 -60
(Min BER 1 x 101 )

Antenna Polarization HN HN

.



ANNEX 3

TABLE 4
EXAl\fPLE ADVANCED HDFS PERFORMANCE AND

INTERFERENCE PROTECTION CRITERIA

Modulation Type 16QAM 256 QAM

Receiver Sensitivity -72 dBm -60 dBm
(Min BER 1 x 10-6)

Necessary Bandwidth 50 50
(MHz)

C/N (dB) 20 32

CII (dB) 29 43

Path length
(Min 99.999% availability approx. 2.3 laD approx.2.3 Ian

in ITU-R Region K)

Maximum allowable
Interference in RF -101 -103
Bandwidth (dBm)
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Section 4 TIA TSB IG-F

consider the overall system noise objectives in para11c1 with the system reliability (outage) objectives. Most
analog liDks require significant carrier level increases above threshold seasitivity just to achieve acceptable
baseband signako-ooisc (e.g. >35 dB incteasc h 70 dB SIN in the worst message channel in an FM-FDM link).

4.3 Automatic Transmit Power Control in Digital Links

~ Introduction:

Aph'lnaric «(I'~) Transmit Power CoattoI (ATPC) is adesirable feaDn ofa digital microwave
radio liak that automatica1Jy adjusts tnnsmitter omput~ baed on path fadiaa detected at the far~
n:ceiver(s). A!PC allows the traDsmitter to opc:ntc at less than maximum power for most of the time. WhcI1
fading ccaditioas occur, IrInSmit~will be iDacascd as needed. ATPC is useful for mmding the life of
tnmsmiuer~ Rduc;ing power c:oasumptioa, simplifying &cqu=cy coordination in congested areas,
a1lowiDg addWOD8! up-fadc protcc:tioo, and (m some radios) inaea.sinI the mJ,Yimnm pow=- output (improves
I)'StCm gain).

If the maximum traDsmit power in aATPC liDk is needed far oaly ashort period ortime, a trmsmit
pow=' less tb1ll1'lnaxhXlUm may (ifcettaiD rcstrictioas arc met) be used wbcD imedc::c::uc:c c:alcu.taticas arc made
ioro cma- systCms. Mauy years of facliJ2g statistics have verified that fadiDg CD di1fcr=t physical paths is nOD
condated. i.e: the likclibood oftwo paths ill a given area beiDB in a deep fade and thus scasitive to iDu:rfeteQCC
simultlDCOlJSly is very small. Furthery to allow for inevitable deep r.tiu& miczowaw patbs ate dcsigacd with
ImfMed cmiet-lO-DOise (C'N) and carrier-to-intcrfc:rmcc (CII) ratios much greater than those required for biah
quality path pcrfonn.ance. Since fadiDg is non-eondatcd amoo.g paths, a shcrt-term power increase by a path
expcricDc:iDg adeep fade will DOt~ the CII OD other paIbs to aD objcctiOMble leveL On aproperly designed
path. and ODe not affected by rain 0Ulaac. ATPCAquippecl tnmsm;Um will be at maximum power for a short
period oftiloe. HoMvet. tw::ausc me maxDmnn power is available wbaa deep &des occur, CFM. threshold CIN.
aDd CJI calc:ulations into an ATPC liDk may assume the "Maximum Transmit Pow=" receive carner level.

A!PC bas been SUCXlCSS6JDy impJemc::nwt in FCC Part 21 common carrier bands for several years, anci,
UDder FCC E1'Docket 92-9. is DOW pcnqiucd UDder Part 94. Currcutly, tbcoze are two types ofATPC available.
The C4ramping" type increases power dB for dB with a fade greater than a e:enain depth. The "stepped" type
ioacascs pow:z in a single step to maximum power wbeD a fade c:xcceds a certain depth. Besides significantly
aidiD& the hqueacy coorctiDatioD pI'OQ:lS$. ATPC also provides rccciwr up-fadc overload protection due to the
badccd-offtraDsmit power undc:r aormal sigDallcvel CODditioos.

DuDas abe cocxdiDaIicn~ abe ATPC usermust cIcIdy stale that ATPC wiD be used. The transmit
powers as:socoiatNt with an An»c systan iDc1udcd on the c:oordinatioIl notice arc ddiDc:d as follows:

Mpimrgn TraDSIDit Powa- 'Ihat cnmsmit power that will DOt be cx=ded at lIlY rime. used Cor CFM aad
path reliability (ouIage)~ aDd for caJatiatiDg the CII into an
ATPCsysu:m.

CoardiDatcd Transmit Pawa' 1'blIttnasmit pcMa' sdc=:d by tb: ATPC system liceascc lIS the power to be
used in c:alculariog intcrfeaetx::e levels into victim receivers.

NomiDal Transmit Power That transmit power at or below the coordinated power at which the system
will operate in oormal. ImfNfc04 CCDditions.
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TlA TSB 10-F Section 4

The Coordizwed Tnmsmit Power is restricted to a 0 to 10 dB~ below the Maximum Transmit
P~. ~Nommal TraDSZDit Powermust be less cbm cs equal to the Coordinated TI'8DSZDit Power, with typical
values ranging from 6 to 15 dB below the Maximum Trmsusit Power. The receive level at which the system
eitbc:r steps up cr begins to hx:reasc (11ID1p1lp) tb= far-eod tranSmit power (dcpc:nding on the type ofATPC) is
referred to as the ATPC Trigger Levd. B«ausc shallow fading~ are path depcindcnt and
unpndietable, at leut a 10 dB fade must occur before the Coordinated Trmsmit Pow=' is e:xcccdt:d.

In order to daim a CocRtiaared Trmsmit Power less thaD the Maximum T1'8DSZDil Power (A'FPC feature
is used), certain resaicticms OIl the tU= that this power is c:x:ceeded must be met. Below aboUt 12 OS the
expected lDDual time perccmagcs sbou1d DOC c:xceed the limits abowIl in Figure 4-4~ in Table 4-2._
Th:sc time pc:rcc:ntases caa be calaJlared by the applic:ablc reliability caJt.ulations as in Sec:tioo 4.2.3.
First. me fade depth that causes the transmit power to c:xcccd abe Coordinated TI'IPSDlit Pewee by a certain
aumbet ofdB mnst becabrl.ted. This !ado depth is tbm &ubstitutecl !Dr the CFM in the rdiability calculation.
Fer alampWg ATPC sysICa1_uses a step iDcrcuc in U1IDSDIit power, a siqIe cabaiariCQ of the time that the
fade clcptb to the A!PC trigger IcYd is excccdcd is aU that is required. For Ul ATPC systan that increases
(ramps up the) powl:I' in a,liDeardB ilrdB fasbica, calculations oftbc time that the~ TI'IDSIDit Powa'
is ccco=ded aod the time Ibat the Maxiudllii Trausmit Power is reacbcd ate sufficiem Future ATPC systems that
boostuausmitpower inscm: odx:rwayDJaY require time~ calculatioas tor the eDtire raDge of transmit
power in excess oftbc Coordizwed Transmit Power.

JO4 ,
PoMr(dB)

L-_....- --=:::::==~I.U'

0.5

~ 0."...
Oo.J
'Ii..
~0.2

o.l

0.0
0 2

Ytpre 4-4 - Permitted Tame Above Coordinated Traasmit Power

hi dB SIq)S Ibove!beJdc_ CocI'diDIded TJ'8D5IDie Powa- for~ATPC systems, tho pc:mUtted time
pertO'tBr (1Dd IIIIm8l tnIIIImil powa' boose lima) are IboWD in tbo foUowiDa table. Only cae siDglo value: (
+6, +10 dB, etc.) IIOCd be •a tSidcRd in acp-type ATPC sysrems (see exmpJes in SccIiaG 4.3.3).
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S«tiOD 4

Pow.. abow P~Clm.

CoardiQa.W Camaaan
T......

Power (cSB) Perccataee Sec:oMI
ofCime J)eI''''-

0.0 0.50 lS7,SOO

1.0 0033 103.950

2.0 0.22 69,300

3.0 O.IS 47,2.$0

4.0 0-10 31.soo

5.0 0.07 22.050

6.0 0.047 14,JOj

1.0 0.032 10.010

&.0 0.021 6.61S

9.0 0.014 4,410

10.0 0.010 3.150

TIA TSB 10-F

Table 4-2 - Tune Pumitted Above the Coordinated Transmit Power in aD ATPC LiDk

n- .. 100 ( r•. IICC) %
31.5)C 10'

(4.3-1)

ATPCequippc:d tn" 6",j,,'"'S thatclaim a Cocxdi:Datcd Traasmit Powa- less than the Maw i',."II Traasmit
Power must base traDsmit power iD=ascs em path fading. In those casea, iJltcrfc=aco or em.' c:om=ing
iDfOllDalkmakD is DOC 5\dIicMJrt fer iDc:reasiDg trIDSIDit power. but citber or both IUY be used as III additional
aiIa'iao. Fer S)'SIrmS wish spICe divssity. ATPC must be CXlOtrODcd by the streopr signal frcm the two 'nrmna

systan. In ca....,larioalbctimcpaodC....·aboYcCocxdi:Datcd Tnasmit POM:t. the IpICOdiversity improv==t
faccor may be fOUDd to be lea thaD oac if tba fade depth is small ID tbcsc iDstanecs, a space di'IerSity
improvemalt factor ofOQC may be ISIUIDCd (DO improvemeDt or pmalty from using 5pIIo1O diversity).

ATPC-cquipped aWN' jttm must DOt be aDowed to stay in the Maximum TrIDIIDit Power mode for
more dum aay 1ivc IIIiaut.o dunticxL This event should result in aD alarm oooditioD wbich mums the tnmsmit
pcNiC'to theNmaalTnasmil PoMr. ATPC sbouJd tbcD DOt be rc-enabled UDtiI acIetcnDiDatiOD bu be:=. made
that this bc-bm aaamaIybas beencor.rec:ted aDd oormal opcntioD can be resumed. This c:ritcrioP. will prevent
aIoa&-=mdcgradadoQ. such...down-aream receiver or comrol cblDDCll Who £I1sc1y implyiD& • deep fade,
from CIUSing a trmsmitttr to be in me MaxiDxnT~ Power mode for ID QtcIdcd period of time..

Ifthe abcwe rearit::doDs~_ iI::Itafae:aco ca1odatioas &om an ATPC systaD may usumc the lower
CoordiDated Trmsmit POMlr level IDted'caCDCO aad CFM caladuiclas into the~of111 ATPC-equippcd
systan can tbc::n assume tholIt the Maximum Traosmit POWl:I' is in use. Thus. in cNcuhating pc:rfgrmmoe (outage.,
etc.) aDd a CII for compari.soD to the objectives, the MC' is thea based (JI1 the Maximum TraDSlDit Power.

When a Coordinated Tnmsmit Power less than Maximum Transmit Power is claiDJ.cd for an ATPC
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system. documc::otatioo that the system will meet these rec:ommertdarioQS should be supplied during the
coordination process. Bcx:ause raiD fading, obstnld:ioa fading. or surface duct fading could cause an ATPC
system to increase power for a much loDger time, additional justi.fieation for claiming a Coordinated Transmit
Power less thaD the Maximum Traosmit Power may have to be provided for paths with inadequate clcaram:e or
Ja)gpal:bs aboYe about 10 GHt. Paths that do not meet the restrictions may still usc ATPC, but a Coordinated
Transmit Power equal to the Maximum TransmitPo~ must be used in the coordiDation process.

The cumulative yearly time at maximum transmit power and the maximum transmit power single
duraDcm CYC'n1 time offivc mimJk$ may DOt be appropriate for radios opcratiDg above about 12 GHz due to the
impact ofrain rates and duration on~ cues. Further study in this area is necdod.

In <X'dc:r to best reflect ATPC operation in the lic=sma process, the transmit power shown in the FCC
filing sbould be the Maximum Tnmsmit Pov.u of the station. The station BIRP corrcspoDding to the Maximum
Transmit Power mustm=t FCC BIRP roquirc:mez1ts.

Note: A!PC is DOtretal"i oded for use with aDIlog radios because ofthe sipako-noise degradation
with the increase in thermal DOiso proportiooallO the uormal tnlOsrniUer back-oft:

In aD:r to best reflect ATPC operatioIl in tbcli~ process, the traDSmit power shown in the FCC
tiliDg sbclJkl be the Maximum Tnmsmit Pov.u ofthc stItioD. The tbllowiDg examples illust:rue typical ATPC
c:ompuwious:

Ewmple 1: Ramping-lype A,1PC is to be lU,d on a 40 Ian (2$ mile) 6.7 GHzpath wit!zqul
space diversity. The ATPCmutr JifW/ is ~j5 dbm. On« thts trigge,. level is reached. lhe
S)l$Tem will increase transmit J'O'WCI' on' dBfor ewry additio1Ull dB offade. The Nominal
TransmitPower oftM tquiP1M1ll is +14 dBm wtth a Max:lmum 1'Nmslllit Puwu of+29 dBm.
A~ climtll., tll'rain. and te1rrpf1't1Atr' condlt/om D:iSt on th, path. TM path is designed
for a rectrtve 14Ye1. With NomJnal Tnwmit POWI', of-43 dBm. Th, dutgn" wishes to check
ifa Coordinat,d Transmit POWl' of..J9 dBm, J0 dB ",low th, Madmum Transmit POWlr,
can be Specified tuU/4r 1M rcco1flllUl1ldllttons:

A /_ .pdt 0112 dB }i'olll -13 If) -$5 dBWI t:tlIUU 1M Irlg:u /",.l to b, nacMd. An
additional $ dB 0/1- boosts th, powr from +14 dBm to 1M +19 dBm O>ordi1Ult,d
Transmit Power. 171, It,. th« the/aM.pth «tCUds 12+5-/7 dB il compuled to be:

.lI!)
l' • 20 (6.7)OSY 10 \10 & 41 ,Tl6~

or 0.1326~ ofm. tllM, which .,ts th, 0.5ptrt:al rcquin",.nL

(4.3~Z)

.'j

An addilionallO dB of/aM will CQJI$, th, trtm,rmirter to reach tts +29 dBm MaziMUm
1hmsmit Powcr. 171, ttmc TMt 1Mfa. depth a:ceedf /7+J0 .. 27 dB is compuluJ to b,:
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(4.3-3)

or0.0133 percentoftire time. This does not meet th~ requinment 0[0.01 percent ofthe time
fOr /0 dB abow the Coordinated Transmit Power.

Since the power is allowed to aJ:I!td the C«Irdinilled Trarznnlt Puwer by QS much as 9 dB
for 0.0/4 peTCe1ll o/the time, a Coordinated Transmit Pow,r of-r20 dBm (9 dB b,low the
MtlXimum 1r(UlS1lZi/Patter) may tJuJs be s~dfied

gptmDle 2: ATPC equtpmmt that inCffQSff P0Wl" in a MgI"tep to Mtrdmum Transmit
Power is to be considered on the non-diw,.,ilypath in th, prMous I%Q1IfPle. The Nominal
TransmitPower is ...24 dBmfor a readW lINelof-33 dBm. The Mtainann TrlDUmit Power
is +J()t!BmandtMA.'lPC trigger lewlls It; dB above th, 1()'J BER outoge thruhoJd01-74
dBm.. The designer wants to check ifa C«Jrdinlllfld Trmulllil Powel' equal/o the Nominal
Transmit POWfr can be specified untkr these rules:

The.A.TPC triggerlnfl is -M dBm (l0 dB llbove 1M J()'J BER thruhold) and a/DIk depth
0[3/ dB from th4 MI1tinIll fX'JM'U m:ei'tJe level wiD CQJISe thJs trigger lewl to be reached. The
!tIM that the/a" depth aceub 31 dB is COmpllle4 to be:

-l!!)
T:D • 20 (6.1)(25)'10 {10 = 1.6'3 U«IIUU

or 0.ooS3 percent o/me lilllL SJ1U¥ Q paJh is permittU to be 6 dB tIbove the Coordbuzled
1'I'ansMitPt1Wr (+24 boosted10 ...30 dBm) for 0.047percent 0/eM time, this path meets eM
reqrDl'C1M1JL

EetllrlRl, 3: A stng16-step ATPC'd transmitter is con.nderedfor 0 48 Ian (30 mil 6.7 GH%
space dNersilypat1I with 9m (30ft) dish spacing. AVtlrag' c1/IrIQI, Mrrain and lemperatulY
conditions an pruenr on the]Klth. 77u Nominal (and Coordltuzted) 1'rtDumil Power is
+2f) dBm (+30 dBm 1nI1Zi1lllDlf)P a -42 dB", nomilflll ret:lM I6wL ThI A.TPC trigger lewl
is 10 dB aJxwe the -77 dB. J0'" BER outog, tMaltold. 0,. -67 dBm.

Th, ATPC is thw trl.nd with etdJJ. spac6 diwnJty ~,.,/tuWl from 42 dBlII to
-67 dBm, 0,. 25 dB. 'Jne dIM that 1MlaM depdu both ezce~d 25 dB is compul,d to be;

(4.3-4) .

TI1) .. (4.3-5)

( .."1

.: ""'

or 0.0086pucat ofthe tilM. Since a path ispermined to be J0 dB above the C«Irdinared
Transmit Power 0.0/% o/the time. this space &/iwrSiIy link /MIlS the requirement.
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ANALYSIS OF THE POTENTIAL FOR INTERFERENCE BE1WEEN THE FIXED SERVICE
AND THE FIXED SATELLITE SERVICE IN FREQUENCY BANDS ABOVE 30 GHz

(Question ITU-R 107-1/9)
(WRC-97 Agenda Item 1.9.6)

1. INTRODUCTION

The 1997 World Radio Communication Conference (the "WRC-97 Conference") through Agenda

Item 1.9.6 will consider the identification of suitable frequency bands above 30 GHz for high-density

fixed service applications. The purpose of this document is to support ongoing ITU-R study efforts in

Study Group 4-9S and Drafting Group 4-9S 3 by providing an analysis of the potential for

interference between the fixed service ("FS") and the fixed satellite service ("FSS") in frequency

bands above 30 GHz, and setting forth conclusions resulting from the output of resulting calculations.

The potential effectiveness of possible interference mitigation techniques are also examined.

Calculations are performed using representative FSS and FS system parameters. The results of this

study effort demonstrate that a single mainbeam-coupled FSS space-to-Earth to FS receiver

interference event would severely impact the operations of FS links under deep fading conditions.

Study results also indicate that precluding harmful interference into FSS earth station receivers would

require separation distances far in excess ,of a practical interservice coordination standard, given the

defined operational objectives of the representative FS and FSS systems studied. Likely multiple

entry events in the case of FS transmitters into victim FSS earth station receivers serve only to further

exacerbate interference effects. Similarly, the separation distances required to protect FS stations

from transmitting FSS earth station emissions in the 47.2 - 50.2 GHz band render prospects for viable

co-frequency FS and FSS Earth-to-space operations impractical, given the assumed deployment

objectives in the respective services. Use of an e.i.r.p. mask may prove effective to protect space

station receivers from FS emissions, but will only serve to exacerbate the susceptibility of victim FS

receivers to interference from earth station transmissions. All currently identified interference

avoidance methodologies are determined ineffective as mitigation techniques.

Based on the results of the analyses conducted in this study and the high-density deployment

characteristics of both fixed service and fixed satellite service systems in bands above 30 GHz, co-



frequency FS and FSS system operations in bands above 30 GHz do not appear to be operationally or

economically feasible.

2. BACKGROUND

Recent advances in millimeter wave radio technology have resulted in the commercial availability of

a growing range of equipments that will support FS operations in bands above 30 GHz. A substantial

and rapidly growing number of FS systems are currently in operation in several administrations

utilizing channel assignments in portions of the 37.0 - 40.5 GHz band. Several other fixed service

bands above 30 GHz, including the 47.2 -50.2 GHz band, have been designated by a growing number

of administrations for near and mid-tenn future FS use. Rapidly escalating interest in FS prompted

the establishment of WRC-97 agenda item 1.9.6, which calls for the Conference to consider the

identification of suitable frequency bands above 30 GHz for high-density fixed service applications.

FS systems can be generally characterized as high deployment density. relatively low-cost, wireless

digital broadband fixed service networks. FS systems can provide a full range of digital local

broadband services directly to and from customer premise-located terminals at data rates of up to one

DS-3 per 50 MHz forward and retum link channel pair. FS transmission paths can range up to about

6 - 7 km, depending mainly on rain attenuation conditions. FS links may be implemented in various

single-hop, multi-hop. star. or other configurations. and are regularly deployed on an on-demand

basis to meet specific end-user requirements as they develop. FS systems are also utilized to provide

mobile network backhaul service and for other pre-determined infrastructure overlay configurations.

FS systems are often deployed in dense urb~ environments where transmission path elevation angles

may reach up to 45° and possibly higher. FS systems are also deployed to serve a range of

requirements in semi-urban. suburban. and rural population centers.

Until recently. the issue of compatibility between co-primary FS and FSS operations has not presented

itself as a matter requiring immediate attention. There are currently no operational commercial FSS

systems utilizing spectrum in bands above 30 GHz. The first such FSS system that would utilize

spectrum in these bands was proposed in early September 1996. and comprises a planned constellation

of 72 non-geostationary spacecraft, with contemplated highlmedium-density service ubiquitous

coverage space-to-Earth operations in the 37.5 - 40.5 GHz range and Earth-to-space operations in the

47.2 - 50.2 GHz range. Accordingly. because there are substantial current and planned FS operations

in the 37.0 - 40.5 GHz band where co-primary FSS operations have been proposed. it appears

prudent at this time to develop sound technical conclusions as to the potential for interference between

FS and space-to-Earth FSS operations.
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