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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 BulletinTSB10-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.
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Attachments: (1) Annex 1 Chart

(2) TIA Telecommunications System Bulletin
TSB10-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 oonditiona power to UIU A.& User B Ia approximately equal. Sidelobo of the
A Unlc tranlmittcr (FCC Clw A anteDna) is 33 dB down towards User B. If rain causes 30
dB of attention ( and 30 dB of power increase·on Unk A) User B will experience 30 dB more
interference - me ClI 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 Bwill further increase the interference level
seen at B.

... ~ ..... _----
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TIA TSB 10-F

consider the ovc:ra11 system noise objectives in pua11el with the system reliability (outage) objccrives. Most
anaJog links require significant carrier level increases above threshold sensitivity just to t!chieve acceptable
baseband sign.al-to-ooisc (e.g. >35 dB inaease for 70 dB SIN in d1e worst message channel in an FM·FDM link).

4.3 Automatic Transmit Power Control in Digital Links

~ 19tr'Oduction:

Au:tcxmtic (or Adaptive) Transmit Power Control (ATPC) is II desirable feature ofa digital microwave
radio link that cutomatically adjusts transmitter outpUt power based on path fading dctcctcd at the far-eDd
roceiver(s). ATPC allows the transmitter to operate at less than maximum power for most ofthc time. When
fading conditions occur. trmsmit power will be increased as nccdcd. ATPC is useful for meadin8 the life of
transmitter components, reducing power consumption. simplifying frequency coordination in coagested areas,
allowing additional up-fade protectioQ. and (in some radios) increasing the maximum power output (unproves
system gain).

If the maximum transmit power in a ATPC link is Deeded for oo1y a short period of-time. a transmit
pcwt:r l::ss tbm maximum may (ifcertain restrictions Z!e met) be used when iuterfacnce calculatiaus are made
into other systems. Many years of f2!ding statistics have verified that fading on different physical paths is noo.­
cam:b.to:i. i.e: the likelihood of two paths in Ii given area being in a deep fade and thus SCDSitivc to intc:rfc:rcnce
simulteeou.sly is very small. Furthc::r. to ~ow for inevitable deep fading. miaowavc paths me designed with
tm&dcd. carti:e:r-to-noise (ON) and camcr-to-interi'crcnce (CII) ratios much greater than those required for high
quality path performance. SiDa: fading is non-am:laced among paths. a short-term power increase by apath .
~ a deep fade will DOt rtduce the CIl on other paths to an objectionable level On a properly designed 'lIIIl!~~"__

~ and one not affected Qy rain outag<; ATPC-equippcd transmitters will be at maximum power fOr a short
period oftime. However, because the~nm power is available when deep fades occur. CFM. threshold CIN.
md CII calculations into aD ATPC link may assume the "Maximum Transmit Power" rc::ceive carrier level.

ATPC bas been successfully implem=nted in FCC Pan 21 common cmi.cr bands for several years. and.,
uadl:rFCC ETDoc1tz( 92.9. is now permitted under Part 94. Currently. there are two types ofATPC available.
The "ramping" type inauses power dB for dB with a fade greater than a ccrta.in depth. The "stepped" tYPe
increases power in a single step to mZlXimum power when a fade~ acertain depth. Besides significantly
aiding the fi:equency coordinAtion process. ATPC also provides receiver up-fade overload protection due to the
backed-off t:ransmit power under normAl sign.alleve1 conditions.

~ AIPC recommendations for frequenev eoordination

During the coordination proo::ss. the ATPC user must clelIriy state that ATPC will be used. The traDsmit
powers associated with an ATPC system included on the coordination notice are defined as rallows:

Maximum Transmit Power That tnmsmit power that will not be exceeded at any time. used for CFM and
path reliability (oute.gc) computations, and for calculating the CIl into Ml

ATPCsystan.

Coord.inatcd. Trmsmit Power 11llI!. transmit powa- selected by the ATPC system licensee 8.S the power to be
used in c41cu1ating interfc::rence levels into victim receiVCfS.

Nomin.al Trm.smit Power That tnmsmit power at or below the coordinated power at which the system

will opcrl1tc in normal. unflldcd conditions.

.( . 10
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The Coordinated. Tnmsmit Power is restricted to a 0 to 10 dB range bel~w the Maximum Transmit
Power. The Nominal Transmit Power must be less than or equal to the CoordiDatod Transmit Powe:r. with !}Tical
values ranging from 6 to 15 dB below the Maximum Transmit Power. The receive Ic:vel at which the system ...~r::t-_
citha stq)s up or begins to increase (ramp up) the far-end transmit power (depending on the type of ATPC) is
referred to as the ATPC Trigger Level. Be(:4we shallow fading characteristics are path dependent mld
unpredictable, at ICJ!St a 10 dB fade must occur before the Coordinated Transmit Power is exceeded.

In order to claim a Coordinated Transmit Power less than the Maximum Traasm.it Power (ATPC feature
is used), ceruin restrictions CD the time that this power is excccdcd must be met. Below about 12 Ghz, the '''''If-.(--­

ccpecta:l annual time pen:cntages should Dot exceed the limits shown in Figure 4-4 and provided in Table 4-2.
These time pc:rcc:n.tages eatl be calculated by the applicable reliability calculations as shown in Section 4.2.3.
First, the fade depth that causes the transmit power to exceed the Cootdinatcd Trmsmit Power by a c::e:rtain
DU:mba ofdB mustbe calculated., This fade depth is then substituted for the CFM in the reliability calculation.
For c mmping ATPC system tlw uses a step increase in tnmsmit power, a single calculation of the time thet the
fade depth to the ATPC trigger level is exceeded is all that is required. For an ATPC system that increases
(ramps up the) power in aJ.me;,r.dl3 for dB Whion, calculations ofthe time that the CoordiDated Transmit Power
is cxcc:o:ied and the time that the Maximum Transmit Power is rcacbcd arc sufficicat Future ATPC systems'that
boost tr8DSmit power in some otba W1lY may require time percentage calculations for the entire range oftransmit
power in excess of the Coordinated Transmit Power.

os

0.1

0.0 "\-,.---_---.---_-~-....;.;..., S,1SO

o 2 .c 6
PoMr(dB)

to

Figure 4-4 - Pennitted Time Above Coordinated Transmit Power

In dB stepS ebovc the selected CoordiIlatcdTransmit Power for rampiug-type ATPC systems, the permitted time
~ (and annual transmit power boost times) are shown in the following table. Only one single value (
+6. +10 dB, etc.) need be considered in step-type ATPC systems (see cxmnples in Section 4.3.3).

4 - 1 I
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PoW~r abo¥c Pennitted lime
Coordiruted (1U\QuaJ)

Tramml(
Pow~r(dB) PCl"C'eIltaCC Soc:oads

ofdme per,.ear

0.0 O.jO 1'7.500

1.0 0.33 1039jO

2.0 0.22 69,,300

3.0 O.IS .c7.250

4.0 0.10 31.soo

S.O 0.07 22.0S0

6.0 0.041 1.e.aoS

7.0 0..0J2 10.080

8.0 0.011 6.61S

9.0 0.0:4 4,410

10.0 0.010 3.150

P.S

TlA TSB 100F

Table 4-2 - Time Permitted Above the Coordinated Transmit Power in an ATPC Link

(4.3-1)

ATPC-equippcd transmitteD that claim aCoardiDatcd Tnmsmit PO'M:r less than the Maximum Traasmil
Power must base tt1tDSmit power inauses on path fading. In those cascs. iDt.crfcrcacc or eaor cauceting
iafoaDatioa. a1cXll: is not suffi.ciaJt for inousing transmit powcl", but eithc:r or both zm:y be used as an additional
aitaioo. For S)'StI:ms withspacediversity, ATPC mustbe caDrol1cdby the stn'JD&Cr sipa1 from the two mtem11
systaD. Incalculating the time pem:ntap above CocxdiDatcdTnmsmit Power, the space diversity improvcmcDt
factor may be found to be less than one if the fade depth is small. I:D thcso iDstaDoes. a space divc:mty
improvcmeat £ector ofone JnJSY be ~sumed (no improvement or penalty from using space diversity).

ATPC-equipped transmitters must not be allowed to stay in the Maximum Transmit Power mode for
more thin any five minute duration. This event should result in an alarm condition which returns the transmit
power to the Normal Tnmsmit Power. ATPC should then nol be re-cnabled until a detcrminmion bas been made
that this lcmg-tam m:JOI1Wy has bo:n corrected md normal operation can be resumed. This criterion will p~c:nt
a long-term degradation, such as a down-streAm receiver or control dwmel failure falsely implying a deep fade,
from ~using a tnmsmittc:r to be in the Maximum Transmit Power mode for an extended paiod of time.

Ifthe Wove rc:strietioos arc Old., interference calculations from IUl ATPC system m.ay llSSUID.e the lower
~ Transmit Power level. Interference md CFM calculations into the receiver ofan ATPC-equipped
systaIl am then tW1mlC that the Maximum Transmit Power- is in use. Thus, in calculating pofOIlIllmCC (outage.
etc.) and a CI1 for comparison to the objectives. the"C' is then based on the Maximum Tnmsmit Power.

When II Coord.inatcd Tnw.smit POWCf" less thlUl MllXimum Tnmsmit Power is claimed for an ATPC

4 - 12
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Section 4

system. documentation that the system will meet these recommendations should be supplied during the
coordination process. Because rain fading, obstruction fading, or surface duct fading could cause an ATPC
system to in~e power for a much longer time, additional justification for claiming a Coordinated Transmit
Power less than the Maximum Transmit Power may have to be provided for paths with inadequate cle3rm1cc or
long paths above about 10 GHz.· Paths that do not meet the restrictions tIUly still use ATPC, but a Coordinated
Transmit Power equal to the Maximum Transmit Power must be used in the coordination process.

The cumulative yearly time at maximum transmit power and the maximum transmit power single
dlms:tioo ClVcnt time offive miDutes may not be appropriate for radios operating above about 12 GHz due to the
impact of rain rates and duration on intcrfc:rcnce cases. Further swdy in this area is needed. ....-.:t~-

In order to best reflect ATPC operation in the licensing process, the transmit.power shown in the FCC
filing should 1:>= the Mmcimum Transmit Power of the stAtion. The station EIRP corresponding to the Maximum
Transmit Power must meet FCC EIRP requirements.

Note: ATPC is not rt:CQI7V1J:ndcd for usc with analog radios because ofthe signal-to-noise degradation
with the i.na:casc in thCrmaI noise proportional to the normal transmitter back-off.

~ mc time above Coordinated Transmit Power samPle caleu1ations

In order to best reflect ATPC operation in the liecnsing process, the transmit power shown in the FCC
filing should be the M8Ximum Transmit Power ofthe station. The (ollowing examples illustrate typical ATPC
coraputations:

Example I: Ramping-typt AIPC is to be used on a 40 Jan (2S mile) 6. 7 GHz pathwtrhout
space diversity. The AVe trigger level is -55 dbm. Once this trifger lewl is reached, the
system will increQSe tralUmlt power one dB for every additional dB offade. The Nominal
TranrmitPower ofthe tgv1pment is +14 dBm with a Ma:amum 1'1-tvumttPower of+29 dBm.
Average climate, tem:ln, andtemperatUrt conditions t%1slon the path. me path Is dutgned
lor are«tve level, with NOmifUlI Transmit POwt!r, of-43 dBm. The wtper wish~ to check
ifa Coordinated Transmit POWI' of+J9 <IBm, J0 dB below th, Mea:imum TransmJt Power,
can be specified under rht recommendations:

A fade depth of12 tiB from .43 to -55 dBm cauru the trigger level to be reached. An
additional 5 dB oflade boosts the power from +14 dBm to the +19 dBm Coordinated
Transmit Power. The tinu that thelack depth c:cetds 12+5-17 dB is computed to be:

-ill}
T = 20 (6.7) (2S)' 10 \10 • 41 ~716 66Coads

or 0.1326 percent o/the rime. which meets the 0.5 percent requirement.

(4.3-2)

An addirionallO dB offade will cause the transmirrer to reach its +29 dBm Marimum
Transmit Power. The rim! that th! fade depth exceeds 17+10 = 27 dB is computed to be:

.. - 13 .--_..
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T ;> 10 (6.7)(25)3 10 -(~) = 4,17& uccru:is
(4.3-3)

or0.0/33 percent oflne lime. Thu does not meet the requirement ofO.Ol percent ofthe time
for 10 dB above the Coordinated Transmit Power.

Since the power is alJowed to exceed the Coordinated Transmit Power by as much as 9 dB
for 0.014 percent ofthe time, a Coordinated Transmit Power of+20 dBm (9 dB below the
Maximum Transmit Power) may thus be specified

Example i: ATPC equipment that increases power in a single step to Marimum Transmit
Power is to be considtred on the non..<Jiversitypath in the prnious example. me Nominal
TransmitPower is +24 dBmjOra receive level of-33 dBm. The Martmum TransmtcPower
is +30 dBm and. the ATPC trigger level (s /0 dB above the /fr1 BER outage thruhold of-74
dBm. The designer wants to check ifa Coordinated Transmit Power equal to the Nomtnal
Transmit Power can be specified under these rules:

The..A.TPC trigger level is -64 dBm (10 dB above the l()J BER threshold) and afade depth
of31 dBfrom the nominalpo~r~tve level will cause this trigger level to be reached. The
time that the fade depth exceeds 31 dB is computed to be:

_(Jl)
TQ) • 20 (6.7)(2Si 10 10 = .1,663~

or 0.0053 percent afthe rtme. Since a path is p~nnittedto be. 6 dB above the Coordinated
TransmitPo~r (+24 boosttd to +30 dBm) for 0.047 percmt ofthe time, this path meea the
nqulrement,

(4.3-4)

EXample 3: A. single-step A.TPC'd transmitter is consltkredfor a 48 Jan (30 mi) 6.7 GHz
spaet: t:/ivemtypath with 9 m(30ft) dish spacing. Average cltmtzte rt"aln and temperature
conditions are present on the path. The Nominal (and Coordinated) Transmit Power is
+20 dBm (+30 dBm max:imum) for a -42 dBm nominal receive level. The A,1PC trigger level
is 10 dB above the -77 dBm 1(Jl BER ourage thruhold, 0/"-67 dErn.

The AIPC Is thus triggered with both space diversity rec,iven faded from -42 dBm to
-67 dEm, or 2.5 dB. The time that the fade depths both exceed 25 dB is computed to b#!:

3 1( 10.:i (30)' to i.?f)
30 2

• 2,700 ICC
(4.3-5)

or 0.0086 percent a/the rime. Since a path is permitted to be fO dB above the Coordinated
Transmit Power 0.01% o/the time. this space diversiry /Ink meees the requirement.

4 - 14
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m. Restrictions
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NSMA ATPC Recommendation

Automatic Transmit Power Control (ATPC) Is a feature of a dlaital microwave radio
Unk tbat adjusts transmitter output power based 011 the ftl')'lna slanal level at the
receiver. ATPC aUo", the mammltter to operate at less thaD lIlula:tum power tor
most of the time; whell fadlq condItions occur, trallSllllt power wUI 1M lnereased 2S
needed untU the maximum is reached. An ATPC «tu1pped systelJl hu several
potentbt adyaatqes aTer a t1xecl traDSmit power systtm, lDdudlal (-.. traasmltter
politer coosumpdoD, (ouler ampUfier component are, and reduced Interl~ Into
other microwave systeD11. .

If the maxfmum traa.smIt power In a ATPC system Is needed tor ollly • sbort period
of time, a traosmit power lau than m.xlmum may (If c::ertaht requlrtmeats are m«)
be used wk. bIt«ies:ellCl cakulatioas are made lato oth.. S)'Items. OD the other
hand, because the m ....bmUll pow«' is ......hl. ,.Ilea cMep fachl Occur, CII
lnterl'ereace aakulattollS lIlto the ATPC system I1UlY asswue·th.wmufmum pow....•-carrier lenl. ThU4, ATPC usqe may orter aa ad:,aatap In the resolutloa ot low
levellnterfereuCl! eases wtthoutcomp~ to the tade marctn olib. ATPC equipped
system.

This Reeomm.ea.d.atloll dena. term1nololYt sets nstddlons, spedfles how ATPC
systems wUl be coordinated, and eabUshM some ATPC operat1Dlautdel1lles.

y :'lbe dlIr.-...ce la aD lDIta1lta1MOtll traDSllllt power and the selected
CoorcUoated Tnnsmlt PoW«' (detlned below) III dB.

Tc(y) :1be calculated alUlWll perc:eatap or daM that the ATPC system
traDSDllt power wiU ac:eed thesel«ted CoordluteclTraasmltPow~
by y dB.

TP(Y) :1.1Je IJUlsimum .lII1ual pen:eatqt ot time yearly that th. ATPC
system trausaIlt power it aUowed to exceed the selected CoordInated
Traasmlt Power (cW1ntd below) plus y dB. Cala1latecl time
~~, Tc(y). should be less than Tp(y) for aU .alues of
tl'ansmJt power.

hTOT _h{YL T"C'_T· VH-l • ')MT •• n')<;ln\.lHU') I T \J-l" ..,. M- n T



4. Il the restrktloDS In this RecommendatIon ha,~ bfJeU met. Uiterfet'$QCEl from aD
ATPC equipped traa.mdtter sbould be calcubttd ustnl the Coordinated Tnnmdt
Power (not the MnImUlD Tran.mt1t Power).

~. Just as quf.Stlous rdated to an OR Loss ca(cubtlOQ may lead to a request ror
blockage veriflcatlol1 or aD Interference measurement, the coordlnadoQ ot aD
ATPC equipped system may require (oUow-up. In some cases, verUleattoQ ot
"worst·month" f'adlne d1al'2c:tertstlcs Q( the ATPC equipped psth may be n~ed.

1. Continuous operation at MaxlaJum Transmit Power for a ! mlnut., period may
imply an equipment taUure. ThIs situation should result 111 au Illanu coadltlol1
wblch retur"QS the tratlSDlit power to (or below) the eoorc:ltoted power.

2. Wheu practical, ATPC should be used. In a coDNrTaUve maaaer. For ...ple,
MI~n of the Nomhual TraasaUt Pow.. b~o" th., CoordlDated. TraDSmit rOWel'
will help otrMt the lnuesM In Interference as the traosmft PGwe:- lo.c:reases aboft
the Coord.ln2ted Tnnsm1t Power.

vn. Bum_If ATfS: AftJJQtIQg

The roUowU1& eumpttdW~ ....lld appUcatlon of ATPC systems Ilecordlq to the
restrictions abo.,e:

1. A path destcner wbhel to apply ATPC (kJstead ot dlaa.atul-out~
aatesma.s) in order to reduce lDtruystem lnterlereace at a JUDCtIoIl statio....
The 6 GHz path btl.q added from the Junctloa wW 1M 16 miles In leqth wttb
space dlTerslty separation of 35 teet; the pathl! In a dltttcutt propaptiOll1ftA
(climate" 2), with a"erqe terralll roulbntsa (w ~ 70 ttl.

Standard flat facl1.q c:alculatloas mow a combined (maiD. and cn.,emty) tade
depth of 8 dB or areater wtIl occur for 0.504,J, of tile time and I COD1bllled tade
depth or 20 dB or areat« wW. occur for 0.01" of the time. 'Ib1t
Recommendation requires that at teat a 10 dB tade 11lU$t occur lHfore
Coordl11ated Power Is ac.eeded. (Note that no space dlverslty lmPl"OT__ Is
~ed at sueb shallow fades.) Thus. for thl.1 path, the t:J:I1.nbl1wn fade
panameters that could be dJosen would be:

F(p > Pc) • 10 dB
F(Pmax ) m 20 dB.

(Continued on next page)
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