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ANALYSIS OF SHARING BETWEEN FS AND NONGSO FSS IN THE BAND
37.5 TO 40.5 GHZ • NOV. 21, 1996
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I.Introduction . 1

Motorola has performed a new shlrinl analysis~ the down liak of ~ NonGSO FSS sylllelD
like M·Star aacl hilll density FS in the banda from 37.5 to 40.5 GHz. Baed on this analysis it
now believes 1bat£Ull band sbarin~betwecll1 tbeIe networks is practical willi ruleI that would allow
both to meet their busiaess='Ibis can be achieved with the .simple consnint on FS
trmsmiuers of a muimum of: i
-22 dBWIMBz in dear air witll bieher powen aJknved as neceSlay to overcome
lDfrequent increases in atmOllpberic IOIRI ,,
as opposed to the eadier recommendation in MW/40 of -28.4 dBWIHz. This increase in
pemussible ElRP is a ConscqUCDCC of the reView of theinfohnation contained in:

1. Ex Parte by ART to the FCC dated Nov. 6, 1996 ;
2. Contribution to Ad Hoc MW/48 dnfting group da1ed Nov L3; 1996

UIin, the analysis methods deacribcd in MotoroJas original sbarinl analysis, this increase in EJRP
spectral power density from FS transmitters is achieved by:: :

1. Lower sidelobe satellite earth~an~ : ,
2. IIlaease in permissible IoINo into the satellite receiver for short term interferetK:e
3. Use ofFS equipment parameters as described in the data sheets ~
4. Inaease in the FS SWlc link margin from 6 to 7 dB at maximUm range !
~. Consideration of possible in line interference from the satellite to FS receivers
Clarification of the quick reaction coordination!liotifi~on procCdures is p~vided. These '
procedures are to be used to assist M-Star in employing the necessary interference mitiption
techniques whenever FS transmitters are to be'locatcd within 1kID ofan earth terminal.

, I

This paper also contains a review of the practicality and advantages to, FS iIi the use of adaptive
power contrOl to achieve high avaiJability in the~ of rain induced fades. This review relies
heavily on TIAIEIA Telecommunications Bulletin tTSBIQ-F "Interfe.'"eJ1ce Criteria. for Microwave
Systems. The bulletin demonstrates thats~trum reuse cificicncy between 'FS is si~cantly
increased with the use of ATPC which is a most important criteria for the hiBh density deployment
planned by the FS in this band. . :: :

I I· j
I I, I

I. ;i I .
2. Sharing between FS and NonGSO FSS D'own Unk! at low elevation anlles

The M-Star sa1ellite network is de£igned 10 o~rate with a niliumb elevation angle of 22° for its
service links. This restriction is necessary in I)rder to achieve high availability without excessive
link margin in theIe ti'equency bands. With the lateStPS equipment charac+e:ristics and the new
EIRP limitation, the FS static link margin can be calculated at maximum range as follows.

I !
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-0.1

-4.5

Received Power 10

R.ccciver Noise Temp S03°K

Receiver Noise No
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Tmumitter Power density

FS Antenna Oain
BIRPdeDSity

Free Space Loss (llan)
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FSS Antenna Gain (22°)

I i I

As can be see there is a static 7.2 dB margin to acco~ate minor penubadons in the link.
Consider now a FS station located 1kIn from~ FSS earth statiOn and ~ted diIcctly at its
location on a level with the earth station. While the FSS' antenna ts continually traekinl the sa1eUite
there can be times when the anrenna is at its minimum elevation of 220 and 0n a ractiahowards the
FS site. Thetranaient inte1ference link for this worst case can be evalua.ted~ follows.

: .::: I
Minimum Di._~ • FS: to FSSi link !

~~, I

dBWIH~

dBij
dBWIHz (-11 dBWIMHz)

dB

dB

t .
I ,

This peak transient la/No of ·10.5 dB is considered acceptable by Motoro11 A sin~ FS
U'L'lSmiuer sited in this unfavorable location would not actually reach this level more than .01% of
a year so there would be no degradation M-Star IJerfomance objectives. Ho~vert ifmany more
than 1station should contribute this level of inteiference into a panicular earth station; the earth
station operator would have to consider the need for mitigation such as site shielding- Similarly. if
a FS station should be located within the 1 Jan distance and pointed directly,at the eanh station,
shielding ma.y be required. It should be noted that a spacing of 250 meters would only increase the
trdl1Sient la/No to -4.5 dB which by itself may still be acceptable. I
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3. Sharinl between FS ad NonGsci rs1s at in'~; El~v.tiOn A~I'el
l; " • <' ,

Cansideration must be given to the occassiona'l main beam to mam beam coupling that could occur
belWeen the sate1llie down link and a FS receiver directed ~wards at an elevation equal to or
greater than 22 dearcea. Pint coDaidcr the FS link margins In such a case u shown below wllb. an
wumed elevation angle of 20 degrees to a building or mountain'that is 1100 feet higher which..
the slant range 10 about 1lan. This is the 10welt elevation angle that near main beam to main beam
coupling canoccur.; ~' .: i. !

Blah Elevadon Anile • FS to FS liDk marli~

Tmasmitter Power density ;; -126 ~ dBW~
FS An1eDna Gain 44 1 dBi !

, I I

EIRP density , ~82 dBWIHz (-12 dBWIMHz)
I ,

Free Space Loss (1.0 kIn) -124.5 dB,

A1mospheric Loss ... ~ -~.l..., ~ .... "]' dB I
FS AntennaGain' 44 dBi :
Received Power Co '-162.6 dBW~

Receiver Noise Temp 18300 ! 3'2.6 dB-K ;

Receiver Noise No ,I ,-196 dBW~

CanierINoise CalNo " 33.4 dB I

Required Co/No l ! '8 dB

Margin 1" 215.4 i : ,i' dB! 1
, !' \ ,:" ',' , I .

II .: I " ,
The down link traDsient interference for me.c~w~~s~ down liDle beam Jtereepta the
main beam of the FS receiver can now be calc'ulated as 'follows. i !

Maximum Transient IDterference - FSS ito FS ~tver
TmasmitterPowcrdensity; !-~8.6 ! ,': dBW/H~
SMe1lite Antenna Gain ' 40.6 dBi

BIRP density .48 dBWIH~
Free Space Loss (2586km)-l~2.7 dB'

Atmospheric Loss ' -1.8 dB
, !

FS Antenna Gain 44 dBi
. ,I

ReceIVed Power 10 .-198.5 dBW'lrz
Receiver Noise Temp 18300 32.6 dB-K :

I , ,

Receiver Noise No : -196 dBWIHz,
Transient la/No i -2.5 dB'

Carrier to Interference C<YIo 35.9 dB
, I

Carrier to Total Noise I j 1.5 i dB
Co/(No+lo) ! '
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As can be SeeD. wi1h anominal EIRP Spc:cttal'dcDSity:df-22 dBWIMhz, thcl shortran&c high
eltwatiou angle PS 1iDka are quite robust 10 the OCQUional main beam to ID&llin beam intefteNZICC
from the satdJite down link. The carrier 10 noiac only temporarily reduced from 33.4 dB to 31.5
dB. Simulations for similar in line statisdcal evenra from a low earth orbitink aardlitc aUIFSt that
the frequency with which these transient peak Doise events would occur OWt a yeus span is about
.0001" from a constellalion. C1euly thia ttaD5iem inted"crence would have no performance impact
on a FS link. At higher elevation &Diles tbeinterfercnce level would be some what biaher but the
probability Ihat the high structure would bl~ the satellite interfCIencc to thp FS receiveJ'is pcatly
1DCftlased as well. . .:: ' . . I
There is the possibility ofhigher inrrrlerencc into me satellite receiver rrmd a hip aldtude FS at 1
kID distance as it could be nearer to main beam to main beam event However. a 10 spot beam baa a
3 dB mdius of only 34 meters at 1Jan dis1ance and therefore, the satellite reCeiver would have to be
e8eIl1ia1ly colocated wUh the FS EeCeiver. lbat close to a high strUcture woUld J=SCIlt a problem
for the satellite tracking antenna in tenDS of 'pdumtial blockage to'the satellite. It possible the
satellite would have to employ a1tI:rDa1e satelli\c selection for sOlile passes u? avoid blockage which
is also a worst case mitigation scenario for interfereDce:from.a FSstalion. : .. .
4.0 The Use of Adapti"e Transmittel' po.e~ <±ontrdl (ATPC) i 1
The FS desires to achieve extremel~~~h a~I'ability ~j~tiws ~or b ~50OHztints. The FS
link margins used in the preceding yses to insure sharing with FSS. will not meet those
objectives due to the high propaglLlion losses occasionally induced by rain. Clearly the use of
A1'PC will be needed to insure meeting those objectives. 'I1AIEIA Telecommunicatlons Bulletin
mBl~F C1Interference Criteria for Microwave Systems" provides an excellent source of
information au the benefits of ATPC for frequency sharing among PS. TI1e.Ie benefits are clearly
most appropriate for the 40/50 GHz FS networks as currently envisioned all-d are des:ribed in the
ADncx to this documenL :: :!. :;.,.:. I, I

. 'I " I : ., I

The 40150 GHz FS networks contemplate extie~y l'iigh densitY netWorUFDPloying higher order
sipWing techniques such as QAM which create high~r: out of band ~missions •are more 5a1Sitive
to self interference, and require higher linearity in the transrDitterS and receivers to avoid
intersymbol interference. The use of ATPC would improve FS sPectrum _ eft1ciency for these
~af~::etworks along with the most O~~(~us pr~bl~m o~ in-line co-fre,uency se1f

-I 1 Ii..', I

If all links carry high fade margins and si~e nun fadm~ is spatially restrictb, then there is the
~gh p~bab~ity ~ ~ver's main link would be faded and all;otl1e~ links w~uld still continue to ~ut
high SIgnalS mto Its Side lobes. On the other hand, when a ATPC link powers up to overcome ram
attenuation, the increased power is attenuated to potentially victim receiverslas well as the desired
liDk. • ; ,: l :!

In light ofthcse benefits as outlined in TSB'lO~F; the co~ine~~ made in MVll48 pa.ge 5 are
particularly convohned. The first point of large fuced WiIc margiris will make FS more insensitive to
PSS interfetence is generally true but that is a crude selfdefeating solution. The analysis in
Sections 2 and 3 of this paper were made assuming 11 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.
Then: is the assertion that if "10-15 dB of ATPC were applied ina shared environment, a
separation distance of over t1e horizon would be necessary." The logic for this huge spatial
separation is more consistent with the FS desire for 50 dB CODstant fade margins not for the use of
ATPe. I',:

11/21/98
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Tbc last acntcaee l-xbua, the use of A'I'PC ;~~~~10~ C~uPliDl ': caUainJ iDterfereDce
to M·Sw- clowulink wiD. not be aufticiently.'effective in mitiptirlg••" is ly not co.....with
an 1Dtlyai.s. no PSS ltadO"s will operate to biBb elevation angles aacl it~ a close FS main
lamiDte=pt before aaipific.ant tnDaiaDt'in'lerference level would be~ Smce the PSS
1tdCIID. is cODdDullly .euudul the .tadatUl probability a FS sWion would be~ up, c10Ie
buta close aide lobe not aueaua1rd in 1M dircctica of the earth sCadon •wbIlD the PSS anteDDa is at
11IIWm1DD pin in the FS statioD diftxldon is insignificiDt. I.. I ' !

, I . I

MOle 3 on pqe Smaes tbe uacfton that ''manufaetuia:s iDdic. tbat a mabdmum of 10-1S dB of
.-.omllie power COD1I'01 is~~st limit on todaYa FS equipment" S~y. that is aC\lIIIlID.
deaDlad limit not a teclmologicaI limit. Moat FS to date has bccD -deployed .. ti'equoncies lea thaD
200Ihwere rain fldiDa is Dot a tic1Dr. In addition little higbcr Order QAM siaDalinr1)'1" have
bIa1 deployed. Above 15 0Hz there is llide multipath fading to cODlider~cIic:ref~ ibae JiDb
lie quite a1ab1c. In the 15-20 GHz band they carry only about <20 dB atatic:fadc margin depending
em tbe climatic zone. Tbe lricliumN feeder links employ adapt:ive power co~tro1 on the up and
dawn liDb in the 2Qt3O GHz baad with a power conaol range of >35JUl at 300Hz for a diSbal
6Iik in addition to FEe for improved fade oompenaaion;·· '. r "," :' . '

:1 'i: :', ! I' '
ill ". I' I

5.0 Quia ReacdOD IdeDdftcation ~d'! Notitlc+tion~ I I \: '

sm..--e both 1hc PS and M-Starcd plan a hi;! dCnsity colfreCl~cy co-loc4ted deploYment of
radio slBtions it is biIhly desiraeble to estab1ish aharing!rulcs,that neeate thcI ncecl for
&'coordiDad.oD" ofmaios in the cWaic sensC'. t«otorola'~ proPosed liiIlitalio~ of aminal FS E1lU'
spectral density to ·U dBWIMHz accomplishs this objective. The burdenlof mitigatinl any
~~e~ cauaed to aPSS teCCi7f. r:m,a~~:~~,is UIUII1c1 t~ fa11to~y on the

'I'beref0le, it is only necessary for the FS aDd 'FsS operAtors 'to maiDtain a 4ta bile of the
1ocaIions and characaerUtics of all their radios:within a seMee area. 'Ibia data bale should be
lI11ItUIJly acceuabJe by an infonnaton IICtWmX to enable the FSS"operator tQ raP.,idlY dctermiDc
wlletber mittaation is requiled. 1bc fS operator could usc the tWa bale to notify the PSS operator'
ofa new installaUon planned within 1Ian of an existing earthJ~.' \' :

" I i I'6.8 Summary II: .. ; I' . . i i

With one EIR.P density limitation of.21 diwlMliz f~r PS S~oDS in the band 37.S GHz to
40.5 GHz the public would have access to twa way wide band data tran5fe~ via two different
technologies. History has shown the competing technologies for:tbc same customer create a low
COSt choice of options for the consumer and often both technologies will be~quhe successfull.

iii .
,:1 iiI' I
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THE ADVANTAGES OF AUTOMATIC POWER CONTROL IN THE
SHARING BETWEEN FIXED S'ERVICE AND THE FIXED SATELLITE

SERVICE IN THE 3&.6 • 40.0 GHZ BAND

1 • INTRODUCTION

The M Star system has bten designed to share wi1h looth Axed sen-ice and other F'aed
Satellite Service systems. Under reasonable sharing rules, the M Star and the Axed
SeIvice caD both share this scaree spec+.rum resource.

The MStarsystem can share with P.xed Service if the terminals ale coordinated. This is a
commoD. approach for sharing between FSS and FS systems. Motorola has proposed rules
that would allow sharing without coordination. Ifa maau.facturer would meet the rules, the
eqaipmcmcould be installed wjthout c:oordination. Those who do not meet the rules would
be required to coordinate. The choice is theirs.

The sharing rules are such thal the existing licenses oouJd meet the rules if they utiDzed
AutomaticTransmitter Power Control The advantages ofAutomatic Power Comrol have
been stated in theTIAlEJATelecommunications System Bulletin TSB10l ulnterfetence
Criteria for Microwave Systems" which has been included as Appendix A of this
documenL

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

"A.Kromad.c (or Adaptive) Tra1lS11lit Power Control (ATPC) is (J, duirab16 felltur~ of
a iIlpl microwave link that lIlIIOI1IatIa111y adjusu~~power baud
011 Ptuh fading deucud Ql tM/ar-end receiwr(sj. ATPC a!1tJws 1M zransmitt4r to
operate at les~ than mm:imum power for most ofthe tima. when fadilSg condidons
OC<:U7', transmit power will be mcreased as need4d. liTPC /.$ uuftdfor exwuIing
1M life oftransmiuer components, reducing power comUlnption1 simplifJing
~l{U4ney coordiNztion i'l congesud areas, aJJcwing additional up-fod£ prottction,
and (in some radios) increasing rhe maximrun power outpUt (improves system
gain).

1. Fixed Service Goals III tile 38.6 • 40.0 Ghz Bands

Among the goals stated by the Fixed Service am'oates in the 38 Ghz band are the
following:

•
•
•

Cost effective use of spectrUm to serve. large markets
High frequency reuse
11lgh system reliabilit),

It ~:il1be sbown in the following paragraphs that .ATFC will help the Fixed Service meet
thell goals.



3. Automatic Transmit Power Control in Digital Links

As stated in Sect10n 1, lSBlo-F states tha1; '''Automatic (OT Adaptive) Transmit Power
Control (ATPC) is a desiIable feature ofa diiital mkrowave radio link that automatica]Jy
adjust:; transmitter output power based on path fading detected at the radio receiver".

3 .1 Unk AvaUabtUty will be Increased wltb ATPC

The link availability goal of the Fixed Service links is 99.999%. This corresponds to only
53 minutes pee year. Obviously, an equipment failure would immediately cause 'this
availability gua! to not be achieved.

A"We would reduce the transmit power therefore reducing the StfeS$ on a aitical pan in the
traDSmitter. At these frequencies. solid state power amplifiers and low noise receivers must
be implemented with expensive Gallium Arsenide MMIC teclmology. Reducing the
temperature/time profile for these devices dramatically inaeases their MTBF. Therefore
ATPC will enhance the system reliability. Enhancing syst~.m reiiability will improve the
link availability_

1t well 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 out2ges.

3 .. 2 Total Life Cycle Cost will be Reduced with ATPC

As stated above, solid state power amplifiers must be implemented with expen..~ve Gallium
.Arsenide MMlC technology. Reducing the temperatuftitime profile will increase the
MI'BF and therefore reduce the maintenance cost of an eq-Jipment failure.

The receiver design is a150 simplified as the dynamic signal range 'at millimeter frequencies
would be reduced by up to 30 dB.

Although incorporating ATPC will increase the hardo.vare cost. the reduced signal dynamic
range of the receiver win reduce the hardware cost. It is estimated that the net incre3Se in
the hardware and installation cost will be less than 2%.

Considering the reduced maintenance cOSt due to the higher equipment reliability ~ the total
Hfe cycle cost will likely be reduced.

3.3 Coordination will be simplified by the use of ATPC

Use of ATPC \,,·ill ease the coordination problem. I:n.terference is caused by in-band signal~
and by out-<)f-band emissions IOta the adjaGent band

If the Fixed Service links do IlQt use A'fPC, the transmitters will have to be si~ to operate
with link margins in exces.~ of 50 dB. These ~xcessive 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-of-band spurious into the adjacent
bands. Out-of-band spurious from ATK' transmitters are reduced as the components

."'.
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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

'Ibe foUowina descn'bes an approach for low cost implememation ofATPC in millimeter
waw FIXed Service equipment. The~oach is very simple and can be implemented at
miDimum cost.

2 • Problem Statement:

Provide SO dB of tnmsmit sigDa11evel control to maintain lintquality in the presence of
rain fades while minimizing intedetence with other services in tbe same &,qucney band.
Typical traD&mitter output into the autenna would be in the ranae of+17 dBm to -33 dBm.
Typical modulation types are FSK. OOPSI{, and QAM.

3. IJIlplementatlon cost:

3.1 Uak Quality Estimate and control loop-

lbls function is implemented with negligible coSt in existing systems by use ofsoftware to
compare the estimated symbol values to the actual values after fotward error correction is
perf()nncd. Alternatively. the quality estimate can be done by examining the variance of the
$ymbols before decoding. The algorithm computes alink quality estimale 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 predetennined value.

3.2 TraDsmltter RF power control.

In the case of DOn-eonstant amplitude modulation, the RF power control should be
Implemented in a way that does not dlange the transmit amplifier linearity since that would
degrade the spectral containment of the emission. Power adjustment by the simple
expedient ofbias variation on the transmit amplifier is likel:, to introduce nonlinearity and
distortion. An attenuator can be employed either at the input or the output of the amplifier
without changing linearity.

At the input, a PIN diode attenuatorwith 3 to 4 section& (diodes) can achieve SO dB range
at low cost. In this case the noise t100r of the amrlifier must not desrade signal quality
when the signal is attenuated b:y 50 dB. A typica :lmplinersuch as the Uuon LMA415
with 18 dB gam and a noise figure of 9dB results in a "elY acceptable C/N of 36 dB in a 50
MHz bandwidth.

A PIN diode attenuator 3t the output requires the trnnsmitter amplifier to deliver about 2 dB
more output power to overcome the minimum loss of the attenuator. This approach is lea
desirable since it may ('~use distortion by driving the amplifier into its compression region
unless the amplifier is upgraded.

!I"I'
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1be costof the PIN 8.UCDuator an4 its interface 10 the data liDk is less than 2% of the total
material cost of the simplest FIXed Site transceiver.

4 • Motorola ExperieDce ,,,Ith Automatic Power Control In MillImeter
Wave Terminals

Motorola has incorporated ATPC in its terminals on the Iridium Proaram which operate at
20 and 30 Ghz. It has also manufactured a point-to-point terminal lor the U.s.
Govemm=r which oper:ated at 55 Ghz and IncoIpOrl1ed a form of ATPC.

Tbere is no question that acompetent manufacturer can sucessfuUy inc:crporate ATPC into
millimeterwave FIXed service equipment at a minimum COSt.

B/S ::IOWcI '01 I Lift... Q t : CIl'l e:u:::t_ r 7_.1\.1""1."
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,/TIA TSB 10-F Section 4

The Coordinated Transmit Power is restricted to a 0 to 10 dB range below the Maximum Transmit
Power. The Nominal Tnmsmit Powcrmust be less than or equal to the CoordinatM 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 ofATPC) 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 oo:Ier to claim a Coordinated Transmit Power less than the Maximum 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 percentages 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 sysu:m 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 linear dB for dB fashion, calculations ofthe 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 otherWF:j may require time percentage calculations for the entire range of transmit
power in excess oftbe Coordinated Transmit Power.

Tnmsmit Power in Excess ofCoordiDared Power
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Figure 4-4 - Permitted Time Above Coordinated Transmit Power

In dB steps above the selected Coordinated Transmit Power for ramping-type ATPC systems, the permitted time
perc:emages (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 examples in Section 4.3.3).
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