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OVERVIEW

• Fixed Service (FS) operations in the 37-40.5 GHz
band are substantial and growing rapidly.

• FS and Fixed Satellite Service (FSS) requirements
must be addressed in a timely fashion.

• Avoid dislocation of present FS implementation
and business plans.

• Create a unified international position.

• Both services seek to serve the same customer
locations.

• Redesign of Fixed Service systems as proposed by
Motorola is not acceptable to FS users, and does not
solve the sharing problem.

• The FSS receive earth stations will create large
dead zones in the FS coverage areas.

• The EIRP density limits of -22dBW are
unacceptable.

• The aggressive application of ATPC is an
unproven technique.

• Band segmentation is the only viable solution.
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TECHNICAL FACTORS (37-40.5 GHz FSS downlink)

• .Co-frequency operation requires big separation between FS

terminals and FSS receive stations. Sharing analysis shows:

FS S/L to FSS M/B = 96.5 Km

FS M/B to FSS S/L = 32.5 Km

FS S/L to FSS S/L = 570 M

• Assumptions:

FS e.i.r.p. >20dB below allowable limit of 55dBw

Io/No = -13dB

FSS sidelobe follow improved G = 29 - 25 log Q.

• Results in Interservice separation distances (protection zones) far
exceeding average proposed FSS Interservice deployment
objective of 2.62 earth stations per Km2

•

• Motorola proposes a major re-design of FS system. FS system
parameters to operate with:

• e.i.r.p. density limit of -22dBw/MHz

• extensive use of ATPC (40 to 50 dB)

• Proposal is not acceptable to FS users because of unproven,
risky, technical approach and significant adverse impact on:

• performance

• future growth capabilities
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• METHOD OF SHARING PROPOSED BY MOTOROLA IS
NOT ACCEPTABLE TO FIXED SERVICE USERS

(i) e.i.r.p. density limit of -22bBw\MHz is proposed

• This will prevent the introduction of new, spectrally
efficient advanced modulation systems.

• This limit provides a clear sky received C/N ­
14dB. 256 QAM systems require a clear sky C/N ­
32dB.

• Would require FS systems to operate with a small
margin making them more susceptible to adjacent
channel interference and downlink satellite
interference.

(ii) Extensive use of ATPC is proposed (40-50dB) to overcome
rain attenuation.

• Motorola relies on TIA Bulletin TSB10-F data in
support of its proposal. Section 4.3.2. (which
contains most technical information was not discussed
by Motorola, or included in its presentations) clearly
states in its conclusion (Page 4-13) that data presented
only applies to below 12 GHz, and more study is
required for the use of ATPC above 12 GHz.

• No other supporting data is provided.

• The effects of non-correlated rain fades would have a
significant adverse impact on the FS systems as well
as interference into the FSS receive each stations.

• FS users have studied ATPC and have limited ATPC
to between 10 and 15 dB maximum. See TIA
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Bulletin TSBIO-F and NSMA ATPC
Recommendations (Relevant sections attached).

• NSMA "Operational Guidelines on ATPC" require
that ATPC be used in a conservatice manner. Also
Maximum Transmit Power is limited to a short time
period (e.g. 5 minutes). Maximum fading at 40 GHz
can extend over significantly longer time periods.

• Motorola provides no technical information to back
up their proposed unproven method.

(iii) Motorola argues that ATPC as suggested by them can be
introduced with minimum system and manufacturing
problems.

• Contrary to Motorola's claims, ATPC will not make
FS equipment more reliable.

• ATPC will add more components and add failure
points likely to reduce MTBF.

• Required use of ATPC will preclude one-way
operation.

• Use of PIN diodes to implement ATPC also will
require additional filtering, cost and complexity to
avoid generating intermodulation and spurious
interference.

-4-
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Attachments: (1) Annex 1 Chart

(2) TIA Telecommunications System Bulletin
TSBIO-F (Section 4.3)

(3) NSMA ATPC Recommendations: Section 1
(Introduction) and Section VI (Operational
Guidelines)
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ANNEX 1

USBRA

HUB

Under clear air conditions power to Uler A et User B I. approximately equal. Sidelobe of the
A lint tl'lJ1lmittDr (FCC Clut A anteana) il 33 dB down towarda User B. If rain causes 30
dB of attention ( and 30 dB of power increue"on Unk A) User B will experience 30 dB more
interference - the CIt 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 tum effect links C, 0, etc. Rain induced
scattering of power from link A into receiver 8 will further increase the interference level
seen at B.
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consider the ovc:rall system noise: objectives in parallel with the system reliability (outage) objectives. Most
analog liDks require significant carrier level increases above threshold sensitivity just to achieve acceptable
baseband signal-to-aoise (e.g. >35 dB inaease for 70 dB SIN in the worst message channel in an FM-FDM UDk).

4.3 Automatic Transmit Power Control in Digital Links

~ I.gqpduetiOD:

Automatic (or Adaptive) Trmsmit Power Control (ATPC) is a desirable feature ofa digital microwave
radio link that automatically adjusts transmitter outpUt power based OD path fading detected at the far-ead
teee:iver(s). A!PC allows the transmitter to operate at less than maximum power for most of the time. When
fadiDS conditions occur, trmsmit power will be iDcreased as nccd~ A!PC is useful for extea<liDI the life of
trasmiuer components, reducing power consumption, simplifying~ c:oordiDation in congested areas.
allowing additional up-Wie protection, and (in some radios) iDcteuinS the maximum power output (1IDpfOVeS
system gain).

If the maximum transmit power in a ATPC link is needed for ODly a short period of time, a trIDImit
power less thaD maximum may (ifcertain restrictions are met) be used when iDteric::cuce calculations are made
iDto other systems. Many years of fading Statistics have verified that fading on diffenmt physical paths is Dell­

camtlad.. i.~ the likelihood of two paths in a given area being in • deep fade IDCl rhus scasitive to iDt8rf'c:rcDcc
mnuJr'neously is very small. Further, to allow for inevitable deep fadiDI. microwave paths Indesipecl with
'mfacled CII'rim'-to-Doise (CIN) and carrier-to-iDt=fe::reaoc (CII) ratios much pcaccr thaD. those required for bip
quality path pcrfOl1l1mCC. Since fadiJ:J.g is nou..comlateellmCll1l paths, • short-tam power incn:Isc by • pach .
~. deep fade will not reduce tbe CJI CD other paths to aD objectioDab1e level. .Q.u..propedy desiped "~I-I_

JZ& aDd ODe pet affoctgc1 by raiD 0!.ltaF. ATPC-equippod tnmnnitters wiD be at maximara power fer • sbcrt
periodoftime. ~,because the maximum powa' is IVIilable when deep fades occur, CFM, tbresbo1d CIN,
IDld CJI calculations into an ATPC liDk may assume the "Maximum. Transmit Power" rc:c:cive carrier level.

A!PC bas been IUCCeSsfuUy implem=ted in FCC Part 21 cmgnon cmicr bands for several years, ad,
UDdcI' PCC E1'Docat 92·9. iI.aow permiued under Part 94. CIZI'teIltly, there are hVo types ofATPC available.
The "'rampiq" type inc:reases power dB !or dB with a fade areater tha' certain depth. The Mstepped" type
~ power in • siqle step to lDIIXimum power wbcD a fade exceeds acertaiD depth. Besides lipifiClDt1y
aidiDI the iequeacy coordiDaticm process, ATPC also providas receiver up-fade overload protedion due to the
bacbd-oft'traDsmit pow=' UDder JU:I'!DAl signalleve1 condidoas.

Duriz1g tb: coordinatioa prac.ess, the A~C user must cIeIriy stat.e that A11'<: will be used. The traDsmit
powers usociated with an A!PC system included on the coordiDation notice are defined as follows:

Maximum Trmsmit Power That trmsmit pov.w that will DOt be CIXCOOdod at my time, used for CFM mel
path reliability (outaae) compu.moas, IDd for calculaliDg the CJl into an
ATPCsystan.

Coordiur.cd Transmit Power That transmit power SI1o:tcd by the ATPC system liCCllSCle as the power to be
used in ca1culatina interfen:Dce levels mto victim receivers.

NomiDal TrlllSlDit Power That t::nm.smit poy,,:or at ar below the coordinated power at which the system
will operate: in Donna!. unfaded coaditioDs.

~ - 10
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The Oyqfip.ted Traasmit Power is restrieu:d to a 0 to 10~below the Maximum Transmit
Power. 1'heNcmiDal Tnmsmit Powa' must be less than or equal to the~ Transmit Power. with typical
vAlues ranging &om 6 to 15 dB below the Maximum Transmit Power. Tho rocoivc level at which the system """III:oE{t--­

either s~s up or bqiDs to iDc:rcase (ramp up) the far-ead transmit power (depcDdins on the type of ATPC) is
referred to IS the ATPC Trigger level. Because shallow tidina c:baracteristics are path dependent and
unpredictable, at least a 10 dB fade must occur before the Coordinated Transmit Power is exceeded.

In crder to claim a CocrdiDattd Transmit PO'M:I' Jess thaD the Maximum Transmit Power (ATPC feature
is used), certain restrictions OD the time that &his power is ex«lOded must be met. ltJow about 12 Qh;. the ~.:....-.--

c:xpc:r:u=d amU&! time pen:entaps should Dot exceed the limits shown in Fisure 4-4 and provided in Table 4-2. • ~

These time pcrccztagea can be calculated by the applicable reliability calcuJatiaas IS shown in Section 4.2.3. ~ ~
First, the fade ctq,th that causes the U'anSmit power to exceed the Coordinated TnDSDJit Power by a certain - ~v 0 r
DUmber ofdB must be calculated. This fade depth is then substicuted for the CFM in the rdiabillty calculation. ~ 4- ~

For ansmping ATPC system thatuses a step increase in transmit power, a sinJle c:alculation of the time that the ~ ~ ~
facie depth to the ATPC trigcr level is exceeded is all that is required. For aD A~C system that increases .~ ~ ~

(ramps up tbe) power in a liDeardB for dB !asbion., ca1cuJatioDS oftho time that the CoordiDated Transmit Power '\'. \I

is mcc:cedc:d aDd the time that 1be Maximum Traasmit Power is ~bcd are sufficieat. Future ATPC S)'StI:IDS that ~ t;..
boost tnmsmit power in some ocherWftI may~ time percentage calculations for the entire range of transmit
power in excess of the Coordinated Transmit Power.

TraaII Power ill Exceu orCoontiDIfecf Power

0.5

~
157'-

~ 0.4 JODI

.."" >-
'; O'J 11,100"

JOJ
'-.. "'"" ~J

.'.......
OJ

"
Co'IS

0.0 I,UO

0 2 .. ,
I 10

Pftw(dB)

Figure 4-4 - Permitted Time Above Coordinated Transmit Power

1D dB stepS above tbe seJec:red CoardiDa1Iecl Tnasmit Power for rampinJ-type A~C 1)'IteIDS. tbe permitted time
perceataees (aDd amwal tlIzIsmit power boost times) are shown in the foIlowiDg table. Oaly ODe single value (
+6. +10 dB, lrlC.) need be CODSidered ill step-type ATPC systems (seecxamples in 5ectiDll4.3.3).

~ - 1 J
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PGWeraboft PennItred ...
Coordinated -

Traumlt
PcnNr(dB) P....tace Sec:oads

ofdme DlrWllr

0.0 0.30 15'JOO

1.0 0.33 103,950

2.0 0.22 69..100

3.0 0." 047,2$0

4.0 0.10 31.$00

.5.0 0.07 22.050

6.0 0.047 1<4.105

7.0 0.032 10.080

1.0 0.021 6.615

9.0 0.01" 4.410

10.0 0.010 3.1S0

P.5

TIA TSB 10-F

Table 4-2 - Time Permitted Above the Coordinated Traasmit Power iD an ATPC Link

TIM. = 100 ( Tiau. -) "
31.5 If 10'

(4.3-1)

Anc~ t& NlmiUm that claim a CoardiDacI TI'IIIImIit Power Icss thaD the MaxilDUlD Traasmit
Power must base tnmsmit power iDc:nues em paah fadbIa. I:D tbaIe ._, iubifaCilllC or cmJr CQuccduI
jatrmetirm.. is DOt sam.ci= for iDcrcuiDa trIDIIDit power, but either or bath may be used u .Iddi1iClDll
cziIleriua. Fer..,... with apage dMnity. AntC DIDIt becaaIIdIcd by the SIrODpr sipal1iam the two __I

I)'IIIm ~CIlcuJariDatbt: time pcrcmtapslboYe Cocxdiuated TnIDIDIit PO\Wt, die IpICC diversity improwmeIIt
factor may be fo1md to be less thaD one if tbe fade depth is IIDlIIl. 1D tUse _ ......., • space dmnity
improvemeat f'actar orODC may be usumeci (no imprcM:mat or penalty from usiD.g space diversity).

ATPC-equippecl transmitters must act be allowed to stay in the Maximum Tl'IIIIIDit Power mode for
more tbIIl lIlY live miaute duration. This event should result in III alarm coaditioa which returns the tnmsmit
paM!' to meNccmal Tl'IDSmit Power. ATPC should then DOt be re-eaabled until • determiDation bu been made
thIt this laaa-tem1111a1D11y bas been CCXTeCted IDd normal operatiaa caD be resumed. This c::riterion will prevalt
alaaa-tam~ such as a down-stream receiver or caaaol ch.nnel failure falsely implying adeep fade.
from causmS a trIZIsmiuer to be in the Maximum Trmsmit Power mode for an meaded period or time.

IftbI above restricUoas arc met. iat=fcreacc caba1atioDs fran ID ATPC system may ISSUIDe the loMr
CoarctiaIced Traasmit Power lC\'Cl. huett'ereace aDd CFM calculatiaDs into the receiver ofIII ATPC-equipped
syICaZl c= thea assume that tbc Maximum Traasmit Power is in use. Thus, ill calculating performmce (outIF,
ete.) IDd a CII for complrison to the objectives. the ""C" is tben bued oa the Maximum TraDSmit Power.

When • Coordhwcd Transmit Power less than Maximum Tnmsmit Power is claimed for an ATPC

4 • 12
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system. documentation that the syste:D'l will meet these recommendations should be supplied during the
coordination process. Because raiD £adin& obstruction fa.d.ing, or surface duct fadma could cause an ATPC
system to increase power for a much longer time, additional justification for claiming a Coordinated Transmit
PO\Wr less than the Maximum Transmit Power may have to be provided for paths with inadequate Cleanmce.or
lana patbs above about 10 GHz.· Paths that do not meet the restrictions may still use A!PC, but I Coordinated
Transmit Power equal to the Maximum TJ'lDSJDit Power must be used in the coordiDation process.

!he cumulative yearly time at maximum traDsmit power and the maximum traDsmit power single
ciunIIioD evan time offive mimztcs may DOt be appropriate for radios operati.as aboye about 12 GHz due to the
impact of rain rates and duration on interfereacc cases. FRer ssudy in this II'ea is Deeded. -~f---

In ard=r to best reflect ATPC operation in the licensins process, the tranSmit power shown in the FCC
filing should be the Maximum Transmit Power of the station. The station ElRP corresponding to the Maximum
Transmit Power must meet FCC EIR.P requirc:r.ncnts.

Note: A!'PC is DOt.RlM"'meDdoi for usc with lDaloJ radios because ofthe SiaaaJ-to-DOisc degradation
with the increase in thermal Doise proportional to the normal trmsmittcr back4.

.!J..1 mc time above Coordin'ted Transmit Power samPle calculations

In cxder to best reflect ATPC operation in tbe liceDsing process, the traDsmit power sboq in the FCC
&Jms sbould be the Maximum Tnmsmit Power ofthe station. The following examples i11usnEe typical ATPC
computations:

Epunp" 1: Ramping-typ' ATPC is /0 bl ra,d on a 40 Jan (2j mil,) 6.7 GHzpath WIthout
spac, diwnity. Th, A.1PC lriggerltIWl is ·55 dbm. Onc, this trill""",I Is reached, th,
syst,m willlncretlS' trtnUm/t power on, dB for ""lY additional dB of/ade. '17te Nominal
TrtznmdtPower olthe ,qulpmlllt Is -+014 dBm with aMarlmum rra1l,mlt PtlWf, 01+29 dBm.
AwrogI c1l1lf/ltl, IImdn, Qnd tmpmIIJl1'f conditions aist on Ih, path. 171.path Is dUIgn,d
lora~/""~ with NDm/na/ 1ranmitPowr, of-43 dBm. Th, dutp,r wllhes to chIck
ifa C(J()rdlnQtld Transmtt Power 0/'"J9 tlBm. 10 dB b,low th, Mat:imum 1i'tmImitPow,r,
t:Q1I b, ,pmji,dund,r th, recomm,,,datto1U:

A lad, apth 0112 dB from .43 to Jj dBm ctIIIIU the trill" ItIWl to be IUChId. An
IIddttloltal j dB ol/ad, boola tJN powI' /I"Ottt +14 d!m to tit, +19 dBm Coordtnllted
1hmsmit Powtr. Th, ti",. that th,/adt d,pth tt="ds 12+5-/7dB iSCOmplltuJ to b,:

-ill}
T • 20 (6.7) (2S)J 10 \10 • 41,T16...., (4.3-2)

or 0.1326p,rcDJr ofrhe tim" which me,ts th, O.SPI1'C'1It requir,ment.

An additional 10 dB oflade will CIIIU' th, transmitter to r,ach its +29 dBm Marimum
Trmumit Power. Th, rim, Ihat the1_ depth exce,ds J7... 10 • 27 dB is computed to be:

~ - 13
.---~
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T • 20 (6.7)(25)3 10 -fro) '" 4,178 Iel:tmtl.t
(4.3-3)

(4.3-4)

01'0.0133~rcentofthe lime. This dDa not melt th, "''Iutrem."t 0/0.OJ percent o/the time
for J0 dB above the Coordinated TralUmtl Power.

Since the power is allowed TO uceed the Coord/lUlted Tf'QllSmitPo~r by as much as 9 dB
10,. 0.Oi4 jJe1'Cent olthe time, Q Coordinated Trtl1Umit Power 0{+20 dBm (9 dB below the
Mtzzimum Transmit Power) may thus be speCified

"ample 2: ATPC equIpment that incr,as,s pow,,. in a single st,p to Marimum Transmit
POWI'Is to b, constdered on th, non-d'lwnitypath ;n th, prrAous "ample. The NOminal
TrtzIumitPowr ;s ...24 dBmlor a reef",' lr.Iel 01·33 dBm. The Mar/mum T,.tllUmit POWlr
is +30 dBm Il1Id the ATPC trigger IINel is 10 dB IIbow the J()'I BER outage threshold 01.74
dBm. The designer wants to ch,ck ifa Coo,.dJnat.d Transmit Powr equal to th, Nomtnal
TralUmit Power can be specijfed und,,. th,s, rules:

The.A.TPC trigger level is -64 dBm (10 dB abow tht iO"' BEll. th1'Uhold) and ajQd, t.kpth
0/31 dBfrom th, nominalpow,.1'ICItw level will eaut, this trlgg,r/eve/ TO be nach,d. 171,
tim, that th, fad' depth exc,eds J J dB is computed to be,'

.lJl}
Tm • 20(6.1)(25)110 \10 •. 1.&S3 &IIt:.-M

01' 0.OOJ3 p'1'CI1tt ofth, nm,. SinCt a path ;1 ptnnitNd 10 b, 6 dB above the Q:w"dtlUZted
1iYzIumitPowr (+24 boosted to +30 dBm) for 0.047p'1'Cttnt ofth, time, thts path mila th,
NflliNlM1t/,

fmmpl,3: A Iing/'04f,p ATPC'd tralUmin", is COIVlaNd/or a 48.bn (30 mi) 6.7 GHz
zpta t:ltwnttypath with 9 m(30ft) dLrh spacing. Ave,.. climtltl ,,1'1'tII1I lind "m~1'atu"

"lndlttOlU tl1'e p,.,sent on the JNlth. Th, NomilUll (tmd CtIordlntltedj 1'ratumit Power is
+20 dBm (+30 tlBm 1I'III1:i1num) fo" a-42 dBm nonUlItIl ncctve lewl. The ATPC trlUC"lIN,1
is 10 dB abDw the .77 dBm J(J'I BER autlll' rhruhold, 0" -67 dBm.

Th, A.TPC Is thus trigg,r,d with QR.t! spac, diwnity Nt:Ciw1'l jaded from -42 dBm to
-67 dBm. or 2$ dB. 11" time that th, /ade depths both uceld 25 dB Is comput,d to be:

3 11 10"(30)410 ii!)
30 2

• 2.,100 ICC
(4.3-5)

or 0.0086perctnt ofth, time. Since a path is p,rmtned 10 be 10 dB above th, Coordinat,d
TrtlIUmit Power O. 01 'YO ofthe time. this space diwrsiry link meers th, requir,ment.

4 - 14
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AutoIIIIdcT~ Power CeatnI (ATPC) II a teltun of. dIIftaImlerowan radio
IlIlk tllat a4JUItI out,. ,. b Oil tIM ....,ml 1ft.. at tile
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