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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. >2CJB 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 TSBI0-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

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 Unlc. 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 tum effect links C. D, etc. Rain induced
scattering of power from link A into receiver Bwill further increase the interference level
seen at B.
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consider the overall system noise objectives in parallel with the system reliabiliry (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 incr-...a.se for 70 dB SIN in the worst message channel in an FM-FDM link).

4.3 Automatic Transmit Power Control in Digital Links

~ Introduction:

Automatic (ar Adaptive) Transmit Power Control (ATPC) is a desirable feature ofa digital microwave
radio link tMt automatiC411y adjusts transmitter output power based on path fading detected at the far-end
receiver(s). ATPC allows the transmit:ta to operate at less than maximum power for most of the time. When
fading conditions occur, transmit power will be increased as needed. ATPC is useful for extending the life of
tnnsmitt.c:r components, reducing power consumption, simplifying frequency coordination in congested areas,
allowing additional up-fade protection, and (in some radios) mcreasing the maximum power output (unproves
SYStem gain).

If the maximum transmit power in a ATPC link is nc:a:icd for only 8 short period oftime, a transmit
PC'WO" l::ss than maximuID may (if certain restrictions a:e met) be used when intcrfacnce calculations are made
into otha systems. Many years of fading ~tistics have verified that fading on different physical paths is non­
cortcla.ted, i.e: the likelihood of two paths in a given 8I'Ca being in a deep fade and thus sensitive to intc:rfcrcnce
simultaneously is very small. Further, to allow for inevitable deep fading. miaowave paths are designed with
Imf"ded carri;er-to-noise (CIN) and carrier-to-interfercncc (CII) ratios much greater th.an those required for high
quality path perf'Otmllncc. S~ fading is non-corre1ated among pAths. a sbort-tcn:n power increase by a path .
experiencing a deep fade will DOt reduce the C/I on other paths to an objectionable level On a properly designed 'IIl!~~'__

~md one not affected by rain outage, ATPC-equipped trac.smit:ters will be at maximum power fOr a short
periodof time. Hov."I::Vet', because the maximum poWC' is available when deep fades occur. CPM, threshold CIN,
and CII calculations into an ATPC link may assume the .4Maximum Transmit Powet' receive carrier Jevel.

ATPC w been successfully implemented in FCC Part 21 common carrier bands for several years, and,
under FCC EJ'~r 92-9, is now permitted under Part 94. Currently, there are two types ofATPC available.
The "ramping" type increases power dB for dB with a fade greater than a certain depth. The "stepped" tw:
~ power in a single step to mmdmUIn power when a fade exceeds a cc:rtain depth. Besides significantly
aiding the frequency COOrdinatiOll process. ATPC also provides rccc:ive:r up-fade overloM prote:ct.ion due to the
backed-off transmit power under l:lOI1IW signalleve1 conditions.

~ ATPC recq!!!l"endatiQos for freguencv eoordination

During the coordination~ the ATPC user must clearly state that ATPC YI'ill be used. The transmit
powers 8SSociated with an ATPC system included on the coordination notice are defined as follows:

Maximum Ttmmlit Power

CoordiDlltcd Trmsmit Power

Non:W;us..l T~t Power

That tnmsn:rit power that will DOt be exceeded At any time. used for CFM and
path reliability (outage) compuutions, and for calculating the CIl into an
ATPCsystan.

1M!. tnmsmit power selected by the ATPC system licaxsoc OS the pOW'a to be
used in CAlculating interfc::rolCe levels into victim receivers.

~t tnmstnit pow::r at or below the c:oordin.atcd power at which the system

will operate in normal. unfaded conditions.

.. - 10
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•s:

The Coorciin.l!tcd Transmit Power is restricted to a 0 to 10 dB rmge bel~w the Maximum Transmit
Power. The NOIIlimI Tnmsmit Power must be less than or equal to the Coordinated Transmit Pow~, with typical
values ranging from 6 to 15 dB below the Maximum Tnmsmit Power. The receive level at which the system ....-qt1--_
either steps up or begins to increase (ramp up) the far-end transmit power (depending OD the type of ATPC) is
referred to as the ATPC Trigger Level. Because shallow fading cbAractc:ristics are path dependent and
\.ttlPredictable, at least a 10 dB fade must occur before the Coordinated Tl'8D.SDl.it Power is exceeded..

In order to claim.a Coordinated Transmit POW'Cl" less than the Maximum Transmit Power (ATPC feanrre
is used). certain restrictions on the time that this power is exceeded must be met. Below about 12 Ghz, the ''''If!(r--­

e:xpcctcd mmtW time percentages should not exceed the limits shown in Figure 4-4 and provided in Table 4-2.
These time perCCDLagcs can be calculated by the applicable reli.ability 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 eatain
uumb<::r ofdB must be calculated. This fade depth is then substituted for the CFM in the reliability calculation.
For a rmnping ATPC system thm uses a step increase in trmsmit power. a single calculation of the time that the
fade depth to the ATPC Digger level is exceeded is all that is required. For an ATPC system that in~es
(rmIlps up the) power in a lioem"dB for dB fashion., calculations of the time that the Coordinated Transmit Power
is cxc:oc:dcd and the time that the MmmuCl Transmit Power is reached arc sufficient Future ATPC systems' that
boost transmit poWer in some otha way may require time percentl!ge calculations for the entire range of transmit
power in excess of the Coordinated Transmit Power.

Trmsm.It Power in Excess ofCoordln&ted PaM:r

0:5

e 0.4

t=
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~ 0.2
0.
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Figure 4-4 - Permitted Time Above Coordinated Transmit Power

In dB stepS above the selected Coorc:IiD.a%l:d Tnmsmit Power for ramping-type ATPC systems, the permitted time
percentageS (and aonual transmit power boost times) arc shown in the following table. Only one single value (
+6, +10 dB, etc.) need be considered in step-type ATPC systems (seecx.amples in Section 4.3.3).

~ - I I
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Paw~r .bo¥" Permltted Qrnc
Coordinated (annual)

Tnm:m!t
Pmrer(dB) Pen:eJ1tace Seconds

ofdJno pcrYnr

0.0 0.50 157.500

/.0 0.33 103.950

2.0 0.22 69.300

3.0 0.15 47,.250

4.0 0.]0 31..soo

5.0 0.Q7 22.050

6.0 0.047 1<4.805

7.0 0.032 ]0.080

&.0 0.02] 6.615

9.(\ O.O~4 4.410

10.0 0.010 3.150

p.s

TIA TSB 100F

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

rlm~ = 100 ( rim~. tee) Yo
31.5x10 6 (4.3-1)

ATPC~ tnmsmilics tlw. claim a Coord.inatcd Transmit Power less than thc Maximum Transmit
Powcr must base tnmsmit power increases CD path fading. In those cases, intcrfcrcno: or error oom:eting
iofonnmion :looc is oot sufficicn for inc:rcasing trm1Smit power, but either or both nmy be used as an additicnal
aitc:rioa. Fa systz:ms with space diversity, ATPC JIWStbe eattro11cd by the stronger sigp.al from the two antclma
~ In: calculating the time pcrrx:ntJSgts above~Tnmsmit Powa, the space diversity improvement
factor may be found to be less than one if the fade depth is sma1l In th.csc instances. a space diversity
impi"ovement {ector ofone IIlJIy be assumed (no improvement or penalty from using space diversity).

ATPC-equipped transmitters must not be allowed to stay in the Maximum Transmit Power mode for
marc than any five minute duration. This event should result in an darm condition which rctmns the transmit
power to the Normal Tnmsmit Power. ATPC should then not be rc-enabled until a detc:rminlltion has been made
that this long-cam m:Jm.llly has ba:n com.cts::d and normal operation can be resumed.. This aiterion will prevcot
a long-tam degradation. such as a down-stremn rco:ivcr or control channel failure falsely implying a deep fade,
from C8using a tnmsmittc:r to be in the Maximwn Transmit Power mode for an extended period of time.

If the ebove restrictions are met. i:ntcrfen::nce calculations from an ATPC system may assume the lower
Coord:i:n&.cd Transmit Power level. Interference ZlD.d CFM calculations into the receiver of an ATPC-equi:pped
3)'StaIl am then assume that the MlIXi::mum Transmit Power is in use. Thus, in calculating performance (outage.
etc.) and ZI CII for compZlrison to the objectives. the "C' is then bllSed on the Maximum Tnmsmit Power.

When II Coordinated Tnmsmil Power less than Mmci.mum Tnmsmit POWt::f is claimed for an A TPC

4 - 12
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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
syst.c::m to inc:rcase 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 Clearance or
long paths Above about 10 GHz. Paths that do not meet the restrictions may still usc 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 IIWcimum transmit power single
cb..n-mion evc:n1 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 SWdy in this area is needed. -~~--

In orek:r to best reflect ATPC operation in the licensing process, the transmit power shown in the FCC
filing should b; the Maximum Transmit Power of the station. The station EIRP corresponding to the Maximum
Transmit Power must meet FCC EIRP requiranents.

Note: ATPC is not n:comrD:tIded for use with analog redias because ofthe signaI·to-Doise degradBrion
with the increase in thermal noise proportional to the normal transmitter back-off.

4,3.3 ATPC time above Coordinated Transmit Power sample calculations

10 oo::k:r to best reflect ATPC operation in the licensing process, the~t power shown in the FCC
filing should be the Maximum TrmlSmit Power of the station. The following examples illu.strate typical ATPC
computations:

Example 1,· Ramping-type A1PC is to he used on a 40 Jan (25 mile) 0. 7 GHz path wtthout
space divenity. The ATPC trigger level is -55 dbm, Once this trigger level is reached, the
system willincreau rransmft power one dB for every additional dB offade. The Nominal
Transmit Power ofthe equipment is +J4 dBm with a Ma:amum Transmft P()wer of+29 dBm.
Average climate, ten'afn, and temperature conditions aJst on the path. The path Is designed
for a l'ecetve level. with Nominal Transmit PoWt!r. of43 dBm. The designer wishu to check
ifa Coordinated TransmiI Powr of+-J9 dBm, J0 dB below th. Mm:imum Transmit Power,
can he speCified under the recommendations:

A fade depth of12 dB from -43 to .55 dBm causes the trigger level to be reached. An
additional 5 dB offade boosts the poWt!r from +14 dBm to the +19 dBm Coordinated
Transmit Power. The tirru that the fade depth exceeds 12+5=17 dB is computed to be:

(4.3·2)

or 0.1326 percenT ofthe rime. which meets the 0.5 percenr requirement

An additional 10 dB offade will cause the transmitter to reach its +29 dBm Marimum
Transmit Power. The rime thar Ih~fade depth exceeds /7..,./0 =27 dB is computed to be:

.. - I J ._--



D=C09 '95 10:04QM COMML.& GOVERNMENT SYS.DIVISION

Section 4

P.?

TlA TSB 10-F

T '" 20 (67)(25)3 10 -(~) 4•178 u.caruis
(4.3-3)

orO.0133 percent oJthe time. This does not meet the requirement oJO.OI percent ofthe time
Jor 10 dB above the Coordinated Transmit Power.

Since the power is allowed to aceed the Coordt1U1ud Transmit Power by as much as 9 dB
Jor 0.014 percent ofthe time, a Coordinated Transmit Power of+20 dBm (9 dB below the
Maximum Transmit Power) may thus be specified

Example 2: ATPC equIpment that increases power in a single step to Maximum Transmit
Power is to be considered on the non-diversitypath in the prMous example. The Nominal
Transmit Power is +24 dBm for a receive level of-33 dBm. The Maximum Transmit Power
is +30 dBm and the A:IPC trigger level is 10 dB above the lcr BER outage threshold 0[-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 (lO dB above the 10"1 BER threshold) and a fade depth
of31 dBfrom the nominalpower receive level Will cause this trigger level to be reached. The
time that the fade depth exceeds 31 dB is computed to be:

T:;z;) • 2D(6.7)(2S)310-(~~) = .1.6&3~ (4.3-4)

or 0.0053 percent ofthe time. Since a path is permitted to be 6 dB above the OJordtnated
Transmit POwt!r (+24 boosted to +30 dBm) for 0.047 percent ofthe time. this path meeer the
requirement.

Example 3: A single-step ATPC'd transmitter is considered for a 48 Jan (30 mi) 6.7 GHz
space ciivtrsttypath with 9 m (30ft) dish spacing. Average climate ren-aln and temperature
conditions are present on the path. The Nominal (and Coordinated) Transmit Power is
+20 dBm (+30 <iBm maJ:im:um) for a -42 dBm nominal receive level. The A.J7>C trigger level
is 10 dB above the -77 dBm Jt:r BER outage threshold, or-67 dEm.

The A1]JC is thus triggered with both space diversity reciivers faded from -42 dBm to
-67 dEm. or 25 dB. The time that the fade depths borh aceed 25 dB is computed to be:

TS1j •
3 " 10 5 (30)' 10 -(-¥)

30 2
• 2.700 sec (4.3-5)

arO.OO86 percent a/rhe time. Smce a path is permitted to be 10 dB above the Coordinated
TransmIt Powt:r 0.01% a/the rime, this space diversity /ink meers the requirement.

4 - 14
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NSMA ATPC Recommendation

Automatic Transmit Power Control (ATPC) Is a feature or .. dl&ital microwave radio
llnk tbat adjusts transmitter output power b~ on the Yat'Ytnz stanal level at th~

receiver. ATPC aUo", tb. transmitter to operate at less tbao maximum power tor
most ot thfl time; when. fadln& condttkms occur, transmit power wUl be ln~:as
needed untU the maximum b reached. An ATPC ~ulpped systelll bas ~veral

potentbl adnotale!l GTeI' a fb::ed transmit power system, lndudlaa I.., tnosmltter
power consumption, lonzer ampUfier <:omponent Me, and reduced lnterf'et'eUC:e Into
other microwave systems.

H the maximum transmit PGWft' in sa ATPC system b Jl~- tor only a short ~riod
of time, a trausmlt power less thaa muimum may (If ceria1n requlrtmeuts are met)
be used whto lntertereuce calculatlol11 are made lDto other systems. Oil the other
hand, because the maxtJDUJII power b a"allabl. whea deep fadel Occur, CIl
Intertereace cakulatlolSS lDto the ATPC sYStem may assume-the "maximum power'
"carner le,e!. Th~, ATPC usace may after liD adTaataIO In the resolutlOIl ot (ow
levellntert'erena! eases withoutcomp~ to the (ade marcin ottbe ATPC equtPI*!
system.

This Recommendation def1Jles term1nololY. s«s restrictioos. spedfles how ATPC
systems wflI be coordlnated, aDd establishes some ATPC operatlna iutdellnfd.

y :1be dJlferuce In an lDstautanfJOUS trat1m1lt power aad the selected
Coordinated Transmit Power (deftned below) In dB.

Tc(y) :The calculated lanual pen:entap of time that the ATPC system
traasmlt power wiD exceed theselected Coord1Dated Traasmlt Power
by y dB.

TP(Y) tTbe marbnum Innual perceatqe or time yearly that th~ ATPC
syst«D tnmsmlt power is allowed to exoeecl the selec:ted Coord1D2ted
Traasmlt Power (defined below) plus y dB. Calculated tUne
~tapd, Tc(y), should M less than Tp(y) for aU .aluM of
trausmtt power.

~T·?T O~ OT/?T



4. It tbe restrictions In thb Reoommenditlon haft b~ met. lnterferea~ tnun aQ

ATPC equipped transtnltter should be calcubt~ using the Coordinated Tnamtnft.
Power (not the MaximUID Transmit Power).

~. Just as questloQ.t related to an OR Loss calcublttoa mAy lead ta a ,request for
blocltage verif1cation or aD lnm-t'erence measut'ement. the c:oordlnatlou of au
ATPC equipped system may require toUow-up. In ~me cases, verlflcatlOQ ot
""orst-month" fadlnz dJan.ctertstks of the ATPC equipped ~th may be needed.

1. COlltinuoUS operation at MAximum Transmit Power for a ! mlnu.t~ ~od may
lmply an equipment (allure. 'l'hIs situation ~hould result 111 an alann CQodltlotl
wbkh returns the tr.nsmIt power to (or below) the eoordlnatEd power.

2. When prac:tlcal. ATPC should be used tn It coosenatlve anaan«'. For example,
sel~n of the Nominal TraDSmlt Power below the CoordinAted TraDSm1t POWel'

will help orrs« the lactUM in interference as the transmit pow~ lnauses aooft
the Coordtnated Tn.nsmft PoWf('.

The roUowina enmpltd Wustnte nUd appUcatloD of A'fPC sysUms aecordlq to the
NlStrlctlODS aboye:

1. A path desllner wishes to apply ATPC (Instead ot chatllinl-out e:dst1nI
alltennu) La order to reduce Intruystem tntertereoce at a Juuctklll statlOlL
The 6 GHz path betq added from the Junction will be 16 m1Jes tn leqth wttb
space dlnrslty separation ot 35 teet; the pth Is In a ditncdt prapapdoQ area
(c11.r:ute ,. 2), 'fritb aYetq. tanln rou&bnesa (w • 70 tt).

Standard flat tad1q calculations show a combined (main and dl"erslty) tade
d~pth of 8 dB Qr &rater wW occur for O.5(l~ of the time and a combined tade
depth ot 20 dB or &nat« wW. occur for 0.01~ of the time.. 'lb1t
Recommendation requires that at least a 10 dB fade must occur before
Coordlnated Poww It exceeded. <Note that no space dl'fet'Slty bnproTemeat Is
~ed at such shallow tades.) 1"hU3. for th1.1 path, the mln1mum (ade
parameteN that could be dJosen would be:

F(p > Pc) • 10 dB
F(Pmn ) :II 20 dB.

(Coatlnued on next p2ge)


