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ANALYSlS OF SHARING BETWEEN FS AND NONGSO FSS IN THE BAND
37.5 TO 40.5 GBZ .' NOV. 21, 19M

!! i
I

I.Introduction : I
Motorola hu performed a new sharina analysis betWeen the down link of It NonGSO FSS system
lib M~SIlr8Dd hilh density FS in the banda from 31.~ to 40.5 GHz. Based on this analysis it
now believes1bulUll band sbariD~betweeD these netwotb is pracdcal widt rules that would allow
both to meet their business='Ibis can be achieved with the simple coni1l'aint on FS
trIDImiucrs of a. muimwn of: !
-D dBW/MIb in dear air "'til bilher powen allowed IS necessay to bvercome
Infrequent incrcues in atmOlpheric: 101.1 ;

aso~ to the earlier recommendation in MW/40 of ~28.4 dBWIHz. This increase in
permJSSiblc EIRP is a conseqUCIU:C oi the reVieW of the infoimaticm contained in:

1. Ex Pane by ART to the FCC dated Nov. 6, 1996 :
2. Conuibution to Ad Hoc MW/48 drafting group da1ed Nov 13; 1996

Usina the analysis methods described in Motorolas oripal sharing' analysis. this increase in EIRP
specual power density from fS transmitters is achieved by:: :

, ;

1. Lo'Wel'sidclobc satellite earth terminal antennas : i

2. IDaeasc in permissible IclNo into the sa.tel.lite receiver for short tem1 interfe~
3. Use of FS equipment parameters ILl described in the data sheets :
4. Increase in the FS SWlC liDk margin from 6 to 7 dB at maximUm range !
~. Consideration of possible in line inta'fcrence from the satellite to FS xece.ivers
Clarification of Ihc quick reaction coordinationlnotitibation proc:edures is p~vided.These '
procedures are to be used to assist M-Star inemploying the necessary interference mitigation
techniques whenever fS transmitters are to be'located within 1 kID of an earth terminal.

, I

'Tb.is paper also contains a review of the practicality and advanta.ges to, FS iii the use of adaptive
power contrOl to acbieve high availability in the~ of rain induced fades. This mview relies
heavily on nAIE.IA Telecommunications Bulletinrna lO-F "lnterfe.."eIlce Criteria. for Microwave
Systems. The bulletin demonstrates that src;trum reuse efficiency between'FS is si~cantly
increased with the use of ATPC which is a most important criteria for the hiSh density deployment
planned by the FS in this band. :: , '

I I . i,:
!

, 'j I :
1. Sharing between FS and NonGSO FS8 D'OWD Link; at low ele'Vatlon anlles
The M·Star satellite network is designed 10 o~rate with a niliumhm elevation angle of 22° for its
service links. This restriction is necessary in lJrder to achieve higl1llvaila.bility without excessive
link margin in these frequency bands. Wim the latestPS equipmblt charac+eristics and the new
EIRP limitation, the FS static link margin can be calcuLated 3t maximum range as follows.

I i
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This peak transient Io/No of -10.5 dB is considered acceptable \)y Motorola. A single FS
tra.'lsmit1Cr sited in this unfavorable location would not actually reach this level more than .01tIJ of
a year so there would be no degradation M-Star pertbmaJh.~ objectives. Ho~ever, ifmany mere
than 1swion should contribute this level of inteiference into a panicular earth stationJ the eanh
station operator would have to consider the need for mitigation such l:IS site shielding. Similarly. if
a FS station should be locarcd within the 1lan distance 'and pointed direetly:at the eanh station,
shielding may be rc::quired. It should be noled that a spacing of 250 meters would only increase the
transient Io/No to -4.5 dB which by itself may still be acceptable. I

,

Received Power 10

R.cceiver Noise Temp 503°K
Receiver Noise No
InterferenceJNoise IolNo

Tmumitter Power density
FS Antenna Gain
BIRPdensity
Free Space Loss (1 Ian)

Atmospheric Loss
FSS Antenna Gain (22°)

I

I
I
I

\ i '. ! \
As can be see there is a. static 7.2 dB margin t~ ac~te min~rpenubadons in the link.
Consider now a fS station located 1Ian from th~ FSSearth stalibn and~ted dimctly at its
location on a level with the earth station. While the FSS' antenna is contiiluaUy trackine the satDl1i.,
there can be times when the antenna is at itnninilnum:eJevation of 22° and 0n a radial-towards the
FS sile. Thetransient interference link far this worst cUe can be evalua.1Cd~ follows.

, ~ .::: I
Minimum B.~~ • FSi to Fssl link \

~~~ , I
, -126 dBNVfli~

44· dBi I
, ':82 dBWlHz (-Z% dBWIMHz)
'i .

-124.5 . dB

-0.1 dB

-4.5

Tmasm.itter PO'Wel' density

FS ADteDDa Oain
ElRP density

Flee Space Loss (7.3 km)

Atmospberic Loss

FS ADteDna Gain
Received Power Co
Receiver Noise Temp 18W

Receiver Noise No
CurierJNoise ColNo
Required CoINo
Margin
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3. 811ariBI between FS and NODGSci rs~ at inch; ~1~..atiOn A~I'el
II " ,.' ,

Consideradon must be liven to the occ:assioDa1 main beam to mam beam coupling that could occur
between me satellite down .link and a FS receiver directecl ~wards at an eleVation equal to or
pearer than 22 decrees. Pirst coDaider the FS link margins In such a case as shown below wich an
assumed elevllion anale of 20 dep:cs to a building or mountain1that is 1100 feet biperwhich..
the slant range to about 1Jan. Thia i! the lowest eleVation angle thatnear main beam to main beam
coupling canoccur.; I.' : i, \

BIIb Elevation ADele • FS to FS lilak margi~

Tmasmitter Power density '; -126 ~ dBWJH~
FS Antenna Gain 44 1 dBi !

I I
BlRPdeDsity I ~82 ' dBWIHz (.1~ dBWJMBz)

I I

ffte Space Loss (1.0 Jan) -124.5 dB
, (

Atmospheric Loss ~ .. -~.1.. _, ~ ," .'\' dB '
FS Antenna Gain ' 44 dBi :
Received P09Jef Co '-161.6 dBWIF&

Receiver Noise Temp 18300
\ ; 3:2.6 dB·K 1

Receiver Noise No ,~, -196 dBW1Hz
CanierINoise CoINo ,I 33.4 dB

Required CoINo i I' ~ 8 I dB
\.A_.... ; jOjle 4' I : ; dB I !
.....-a- l' 4.J. '. I' ' I

, .! ' : ,~ 11: ;;: ' 1 ;

~ down link 1raDSieDt interference for tlW~~ tne satdilie down link beam iJteraipts the
mam beam of the FS receiver can now be caldul.ated as 'follows. i !

, ' I

Maximum Transient IDterference • FSS ito FS reCeiver
I '

Tmasmitter Power density i -88.6 : dBWII-b:
Sadlite Antenna Gain : 40.6 dBi

EIRP density ~8 dBW~
Free Space Loss (2586]an) -1~2.7 dB

Atmospheric Loss -i.8 dB
, I

FS Antenna Gain 44 'f dBi
I '

Received Power 10 ~198.5 dBW/Hz
Receiver Noise Temp 18300 3~.6 dB-K :

1 ,

Receiver Noise No : -196 dBW1Hz
"n'ansient IoINo ' ' -2.5' i dB '

I,
Carrier to Interference CcYIo 35.9 dB

; I

Carrier to Total Noise 1 j 1.S i dB
Co/(No+lo) '! '

11/21/118

..,

" i...!
'I



aoos,"

~;
'I~,

el02 732 nos15:2& .OTOROLA S.~TCOM
: I ; ~!: \.
, \ ':!; I ,! !. ,. I, .:.

, ,: \' ~ i l," I i
" "I , ,
',I, I,, ,:. . I ,I i

As can be seeD. wi1b anomiD&l EIRP spectiai!~ity:dr -22 dBWIMhz. thO short~ high
eleYatioD anale flS UDka am quite robuat 10 &be' ~1";ona1 main helm to 1DI!in beam interfcnDCe
froID me satel11re down link. The carrier to noiac only temporaril)r teduced from 33.4 dB to 31.5
dB. Simulations for similar in line Itadltlcal events from a low eanh orbiting sardJitc aUIFSt that
the fEequeDC)' with which these U'IDIiatt peak Daise C'VeDts would occur OWt ayears span is about
.0001" from a constellaUOll. C1caIly this transient intelference would have Jw pcrformIncc implC'C
on aFS link. At higher elevation liPs the iDlCIfcrence level wOuld be some what hiaher but the
probability mat the bigh strUcture would bl~ the satellite interference to ttaF FS receiver'is peady
iDcJeased as well. ' ':: ' . ' I
There is the P05= ofhigher inIrrference into the satellite receiver froId ahip altitude FS at 1
kill distance as it be Dearer to main beam to main beam Cvent However. a 10 spat beam baa a
3 dB radiua of only 34 meters at 1kIll dis1ance and therefore, the satellite reCeiver would haw to be
eaeatiany colocated with the PS receiver. That close 10 a high StrUClUl'C woUld pIaeJit a problem
for the satellite ttaekiaa antenna in terms of'pdtential bJ.ockqe to'the saMlljsj,. Itpouible the
satellite would have to employ a1terDaIe aatelli~ sclecliemfor some passes to avoid blocbF which
it also a worst case mitiption scenario for inrerfcre.ace:from.a PS ,stUion. i ,'. '
4.0 The Use of Adaptive Transmitter po.e~ <±on~1 (ATPC) ! I
The FS desires to achieve extremely biah a~l1abilitY ~j~li~ ~or mese4~o 0&Unts. The PS
liDk margins used in the preceding analyses to insure sharing with PSS, wilJ not meet those
objectives due to the high propagation losses occasionally induced by rain. Clearly the use of
ATPC will be needed to insure meeting those objectives. TIAIEIATeJecominunications Bulletin
mBIG-P "Interference Criteria for Miaowave Systems" provides anexa!ilent source of
infoanation OD the benefits of ATPC for frequency sharing among PS. TIde benefits are clearly
most appropriare for the 40150 GHz FS networks as corxentlyenvisioned ~d are ~ribed in the
ADDex to this document. :; :i ,:: ; ':: :, i :
TM 40150 GHz FS networks contemplate eilt.teJ:Dely Iti.Ih deDsitj '*::Ploying hilher order
si~a teehniques such as QAM which creare hi~out of band ~ .. , are more sensitive
to self in1el'ference, and require higher linearity in die i:rimsminers and receivers to avQid
intersymbol interference. The use of ATPC would improve FS sPectrwn~ efficiency for these
~~~:etworks along with the most o~rus ~b~ o~ in-~ cO-fre,uency sel!
If aU links carry high fade margins and s~e hun faamk is sp~tiany restrictbd, then ttieIe is the
~P!Obab~ity ~ ~ver' s main link would be faded and all !ot&e~ links w~uld still continue to ~ut
biah Signals lnto Its Stde lobes. On the other hand, when a ATPC link powers up to overcome ram
attenuation, the increased power is attenuated to potentially victim receivers\as well as the desired
link. ; j ,: ! :

. : '" . I; .: _ ,;

In light of these benetits as out1iDcd in TSB l()~F; the COmIneDlS made in MW148 pag~ S are
particularly convoluted. The first point of lar~c fixed liJikmargiris will J:18ke FS more insensitive to
PSS intexference is geucrally t1Ue but that is a crude selfdefeatinl solution. The analysis in
SeWons 2 and 3 of this paper were made assuming a minimum static margin of 7 dB 'and as can be
seen there is no significant problem in sharing with the FSS down link under these conditions.
There is the asstnion that if "l{)'lS dB of ATPC were applied ina shared environment, a
separation distance of over the horizon would be ncccuary:' 'The logic: for this huge spatial
separation is more consistent with the FS desire for 50 dB CQDstW fade margins not for the use of
ATPC. , ':
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'l1lo last__"'11ms, the .... of A'l'l'C1\i.eFSllo~ eLm. ~ .-J iDloIfealDoe
to M-Star dO'Mllink wiD. notbe aufficieady.'effect:iw inmiti~g.." is ly notcon.'" with
all aulysis. The FSS stations will operate to biBb elevation ansIes aad it+ I c10Ie FS main
beam imacept bcfoIC I aipificant UlDlicDt'in1a'ference lavel would be~ Since the PSS
DDItmD' is coadDua11y seaming the ..atistnJ Probability a FS sWUm would be~ up, c10Ie
but I c1asc side lobe not auonua1a1 in the di=ction of the earth sfadon •wbIin the PSS 1Il__ is al
maximum pin in the FS station dirccUon is insignificlJu. I., I . !

Note 3on PAle 5 mala me aaacrtion that "manufectuftn indica~ 1bata~ ot 10-1.5 dB of
au&omlti.c powa- c:on1r01 is the uppermost limit on today, FS equipment" S~Y. that is • CUI....
daDand limit not a teelmologicalllmit. Moat FS to date baa been'deployed • frOq\Ulllcies leu tbaIl
20 0Ihwac rain fadinl is not a factor. In addition little higher order QAM siaaIlinr aya1IDI have
beeo dep1oycd. Above IS 0& there is liide multipath fadUig to conaidcr~ tDrzefcne tbeIe 1iDb
are quite S1ab1e. In the 15-20 OHz band they carry only about <20 dB atatic~fadc margin dcpeMiDI
CD the climatic zone. The hidiumnl feeder Jinks employ adaptive power co~trol on the up and
down liab in the 20130 aHz bud with I power control range of >31.d1l at 30 GHz for a digi18l
liDk in addition to FEC for improved fade compenslltion; ,..'.r "." :' , '

:1 i· ,': l I
;: oj, .. ' I' I 1

5.0 Quick Reaction IdeDtiflcation ~dl Notiftc+tion: I ' i: .
~ebo~ the. ~s ~d M-S~ each plan ahiJl! dCnsi;tY c~freCtuchcy ~loc~d deplo~ent of
radio stations It 15 hiIhly allEle to estab1is;h aharinI!ru1cS:that nelate 1hd need for .
"coordmad.on" of radios in the classic sense:. ~otorola'~ propoll:ld limitatio~ of a DOmina! FS E1RP
spectral dcasity to -22 dBWIMHz accomp1i~ this objective. The burdcnlofmitigatinl any
~~rencc cauaed to a FSS recci7t n:m"a~~;~~~is usume1 t~ fall to~Y on the

~ it is only IlCCCSsary for the FS and PsS o~rs:u)~aiDtAiDa d$ base of the
locaUom and cbaracaerlstics of all their racliOs:within a serviCe ateL 'Ibis data bale should be
mUlUllly accessable by an infonnaton DCtWorI: to enable the FSS"opcratof tQ l'If.idly dctermiDc
wbe1ber miqation is required. The FS operatOr could usc \he data baac to notify the PSS operatOr
ofa new installation planned within 1Ian of~~~ earth!ta:Uon- 1

1

:

6.0 Summary i I~ . ::' r. , i
, " • , J I ,

With one EIRP density limitation of -2% dBWIMHz for fS s~ons in the. band 37.S OHz to
40.5 oaz the public would have access 10 two way wide band d&ta uansfeti via lWO ditTercnt
technologies. History has shown the competing teChnologies for.the same customer ereale a low
cost choice of options for the consumer and often both technolopes will beiquite successfull,. ,

i I
I I

i I, I
I: I

! "I 1 I I I I
, i. .1·1
, l ~! 1
; I 1 •
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THE ADVANTAGES OF AUTOMATIC POWER CONTROL IN THE
SHARING BETWEEN FIXED SERvICE AND THE FIXED SATELLITE

SERVICE IN THE 38.6 • 40.0 GHZ BAND

1 • INTRODUCTION

The MStar system has been designed to share ~ith roth Axed se",ice and other FIXed
Satellite Service systems. Under reasonable sharing rules, tht MStar and the FIxed
Service can both share this scarce s~..rum resource.

'DIe MStarsystem can share with FIXed 5ervtce if the tenninals are coordinated. This is a
common approach for sharing between FSS and FS systemS. Motorola has proposed Nles
that would allow sharing without coordination. Ifa manufacturer would meet the rules. the
cquipmCDtcould be installed without coordination. Those who do not meet !he rules would
be required to coordinate. The clJ.oice is theirs.

The sharing rules are such that the existing licenses could meet the rules if they utWzed
Automatic Transmitter Power Control. The advantages ofAutomatic Power Control have
been stated in the TIAlEJATelecommunications System Bulletin TSB10F .41nterference
Criteria for Microwave Systems" v..hich has been included as Appendix A of this
documeOL

In Section 4.3.1 on Paie 4-10 of this document it states:

"Automatic: (or Adaptive) Transmit Power Control (A TPC) is tJ duirab14 featur~ of
adi~ rnicrowave Iin/c thtzt Il1JIOmalit:ally adjusts t:ransmiJt.er 'Ut{KJWU bawl
011 path fading deucl2d at thefar~nd rece.iver(s). ATPCaUaw~ Z1'Q1ISmitter to
~raze alief! than f'I'IID:ittwm power for most ofthe tilM. whenlading conditions
occur, transmit power will be mCTeased as needed. A.TPC is usejUlfor extending
du life oftransmiuer components, reducing f>!'Wer comwnptianJ simp1i:fjing
frequency coordin.2tion in congested areas, t:ilIowUtg additiontJI up-fal1£ prorectio~
and (in some radiIJs) increasing rhe maximrun power oUlpUf (impr(JIJ~S system
gain).

1 • FIxed Service Goals In the 38.6 .. 40.0 Ghz Bands

Among the goals stated by the Fixed Service advocates in the 38 Ghz band are the
following:

•
•
•

Cost effective use of specUUIn to serve. large markets
High frequency reuse
11lgh system reliability

It v:ill be shown in the following paragraphs tbat,ArFC wi II help the Fixed Service meet
thelr goals.



3. Automadc Transmit Power Control in Dilital Unks

As stated in 5ection 1, TSB1G-P states that; '·Automatic (OT Adaptive) TJ811SI11it Power
Control (ATPC) is a desirable feature ofa ltiPal m~towa.ve radio Unk that automatically
adjusts ttaDsmiuer output power based on path fading detected at the radio receiver'.

3.1 Unk A~aUabi1lty will be Increased wltb ATPC

The link availability goal of the Fixed Service links is 99.m%. 'Ibis QOmsponds to only
53 minutes per year. Obviously, an equipment failure would immediately cause 'this
availability goal to not be achieved.

ATPC would reduce the transmit power therefore reducing the suess on a critical pen in the
tdnsmitter. At these frequencies, solid state power amplif'lers and low noise receivers must
be implemCDtcd with expensive Galliwn Arsenide MMIC teehDology.R~the
temperature/time profile for these devices dmnatic:ally inaeases their MTBf. erefore
ATPC will enhance the system reliability. Enhancing system reiiability will improve the
link availabilit}·.

Itwell could be that, in the millimeter band for number of years. the availability of the links
could be limited by equipment reliability rather than weather outages.

3.2 Total Life Cycle Cost will be Reduced with ATPC

As stated above, solid state power amplifiers must be implemented with expensive Gallium
Arleftide MMlC technology. Redu.cing the temperatDrt/time profile will increase the
MTBF and therefore reduce the maintenance cost of an equipment failure.

The receiver design is abo simplified as the d)onamic signal range it millimeter frequencies
would be reduced by up to 30 dB.

Although incorporating ATPC will increase the hardw'are cost. the reduced signal dynamic
ranae 01 the receiver will reduce the h3Idware cost. It is estimated that the net increase in
the hardware and installation cost will be less than 2%.

Considering the reduced maintenance cost due to the higher equipment reliability, the total
life cycle cost will likely be reduced.

3.3 Coordination will be simpllned by the use of ATPC

Use ()£ ATPC \vill ease the coordination problem. Interference is caused by in-band signals
and by out<lf-band emissions IOta the adjat-;ent band

If the fixed SeI'\'ice links do not use A'I'PC, 'the transmitters will have t<'1 be sized to operate
with link margins in excess of 50 dB. These ~x<:essive transmitter powers will cau..~ a
severe potential for interference and therefore coordination problems. The use ofATPC
significantly reduces the range over which an in-band signal will interfere with another
Fixed Service receiver.

AD even more significant effect of ATPC is on Qut~f-bandspurious into the adjacent
bands. Out-of-band spurious from ATK' transmitters are reduced 3S the components

:nt
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APPENDIX B

A Design Approach for Implementing Automatic Transmitter
Power Control in 38.6-40.0 GHz Fixed Service Equipment

1. Introduction

The fbUowma descn'bes aua~h for low cost implemeotation ofATPC in millimeter
wave FlXCd Service equipment. The approach is very simple and can be implemented at
minimum cost.

2. Problem Statement:

Provide SO dB of transmit signa11evel oonuol to maintain lintquality in the presence of
tUn fades while minimizing intedete.oee with other setVices in tbe same frequency band.
Typical traasmitter output into the antenna would be in the ranie of+17 dBm to -33 dBm.
TYpical modulation types are FSK. OQPSI<, and QAM.

3 • Implementation cost:

3.1 U.k Quality Estimate and control loop.

'Ibis funcUOD is implemented with negLigible coSt in existing systA!Jms by use ofsoftware to
compare the estimated symbol values to the actual values after fotward error oorrection is
petformcd Alternatively, the quality es1imate can be done by cxambling the variance of the
symbols before decoding. The algorithm computes a link quality estimate and sends a
message to the uansmitter to adjust it's power leve.l up or down as required to maintain link
quality at a predetermined value.

3.2 Transmitter RF power control.

In the case of non-eonstant amplitude modulation, the RF power control should be
implementec1 in a way that does not c:h2nge the transmit amplifier linearity since that would
degrade the spectral containment of the emission. Power adjustment by the simple
expedient ofbias variation on the tr.msmit amplifier is likely to introduce nonlinearity and
distortion. An attenuator can be e.mployed either 3.t the input or the output of the amplifier
without changing linearity.

At the input, a PIN diode aUenuator with 3 to 4 sectiOD£ (diodes) can achieve SO dB range
at low cost. In this case the noise t100r of the amrlifter must not desrade signal quality
when the si~al is attenuated by 50 dB. A typica amplifier such as the Utton LMA 415
with 18 dB gain and a noise figure of9dB results in a very acceptable C/N of 36 dB in a 50
MHz bandwidth.

A PIN wade attenuator 3t the output requires the trnnsmitter amplifier to deliver about 2 dB
more output po\\-et to overcome the minimum loss of the attenuator. This approach is less
desitable since it may C'~use dislOrtion by driving the amplifier into its compression region
unless the amplifier is upgraded.

B/9 ~f1Vcl '01



The cost of the PIN attaluator an4lts interface to the data link. is less than 2% of the t01al
material OO5t of th& simplest rlXed Site aansoelver.

4 • Motorola Experience ",Ith Automatic Power Control In Millimeter
Wa"~ Termiaals

Motorola hu incorporated ATPC in its termiaals on 1he Iridium Propm which operate at
20 and 30 Ghz. It has also manufactured a point...to-point terminal for the U.S.
Oovamnem which operated at 5S Ghz and incorporated a form of ATPC.

'lbere is no question that a oompctC'Jlt manufaetuIer can sucessfully incorporate ATPC into
millimeterwave F"'txed service equipment at a minimum COSt.

.",y
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consider the overall svstem noise objectives in parallel with the system reliability (outage) objectives. Most
analog links require significant carrier level increases above threshold sensitivity just to achieve acceptable
baseband signal-to-noise (e.g. >35 dB maease for 70 dB SIN in the worst message channel in an FM-FDM link).

4.3 Automatic Transmit Power Control in Digital Links

~ Introduction:

Autrmaric (or Adaptive) Transmit Power Control (ATPC) is a desirable feature of a digital microwave
radio link that automatically adjusts transmitter output power based on path fading detected at the far-end
receiver(s). ATPC allows the transmitter to operate at less than maximum power for most of the time. Wnen
fading conditions occur, transmit power will be increased as needed. ATPC is useful for extending the life of
tnmsmitter components, reducing power consumption, simplifying frequency coordination in congested areas,
allowing additional up-fade protection, and (in some radios) increasmg the maximum power output (improves
system gain).

If the maximum transmit power in a ATPC link is needed for only a short period of time, a transmit
power less than maximum may (if certain restrictions are met) be used when interference calculations are made
into other systems. Mauy years of fading statistics have verified that fading on different physical paths is non­
oom:lared, i.e: the likelihood of two paths in a given area being in a deep fade and thus sensitive to interference
simultaneously is very small. Further, to allow for inevitable deep fading, microwave paths are designed with
Imftded carrier-to-noise (CJN) and carrier-to-interfercnce (C/I) ratios much greater than those required for high
quality path performance. Since fading is non-correlated among paths, a short-term power increase by a path
c:xperieDcing a deep fade will not reduce the CJI on other paths to an objectionable level. On a properly designed
path, and one not affected by rain outage, ATPC-equipped transmitters will be at maximum power for a short
period oftime. However, because the maximumpower is available when deep fades occur, CFM, threshold CIN,
and CII calculations into an ATPC link may assume the "Maximum Transmit Power" receive carrier level

ATPC has been succossfully implemented in FCC Part 21 common carrier bands for several years, and,
under FCC ETDocket 92-9, is now permitted under Part 94. Currently, there are two types of ATPC available.
The "ramping" type increases power dB for dB with a fade greater than a certain depth. The "stepped" type
inaeases power in a single step to maximum power when a fade exceeds a certain depth. Besides significantly
aiding the frequency coordination process, ATPC also provides receiver up-fade overload protection due to the
bac.ked-off transmit power under normal signal level conditions.

During the coordination process, the ATPC user must clearly state that ATPC will be used. The transmit
powers associated with an ATPC system included on the coordination notice are defined as follows:

Maximum Transmit Power That transmitpower that will not be exceeded at any time, used for CN and
path reliability (outage) computations, and for calculating the CII into an
ATPC system.

Coordinated Transmit Power TbIt transmit power selected by the ATPC system licensee as the power to be
used in calculating interference levels into victim receivers.

Nominal Transmit Power That transmit power at or below the coordinated power at which the system
will operate in normal, unfaded conditions.

4 - 10
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The Coordinated Transmit Power is restricted to a 0 to 10 dB range below the Maximum Transmit
Power. The Nominal Transmit Power must be less than or equal to the Coordinated Transmit Power, with typical
values ranging from 6 to 15 dB below the Maximum Transmit Power. Tne receive level at which the system

either steps 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. Because shallow fading characteristics are path dependent and
unpredictable, at least a 10 dB fade must occur before the Coordinated Transmit Power is exceeded.

In order to claim a Coordinated Tnmsmit Power less than the MaxJmum Transmit Power (ATPC feature
is used), certain restrictions on the time that this power is exceeded must be met. Below about 12 Ghz. the
expected annual time percentages should not exceed the limits shown in Figure 4-4 and provided in Table 4-2.
These time percc:ntagcs can 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 Coordinated Transmit Power by a certain
number ofdB must be calculated. This fade depth is then substituted for the CFM in the reliability calculation.
For a ramping ATPC symm that uses a step increase in transmit power, a single calculation of the time that 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 a lincardB for dB fashion., calculations of the time that the Coordinated Transmit Power
is exceeded and the time that the Maximum Transmit Power is reached are sufficient Future ATPC systems that
boost transmit power in some other way may require time percentage calculations for the entire range of transmit
power in excess of the Coordinated Transmit Power.

Tnmsmit Power in Excess of CoordiDared Power
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Figure 44 - Permitted Time Above Coordinated Transmit Power

In dB steps above the selected Coordinated Transmit Power for ramping·type ATPC systems, the permitted time
percemages (and annual transmit power boost times) are shown in the following table. Only one single value (
+6, +10 dB, erc.) need be considered in step-type ATPC systems (see examples in Section 4.3.3).

4 • 11


