
Table 2.2-2: Cruae Rain Analysis - RaiD ZoDe D3 (Mempbia, TN)

Memphis, 1'N Frequeacy
Ram AtteDuatioD (dB)

29GlU 420Hz ".5 0Bz 49.5 CDb

Blevatkm 20.0° 42.tiO 69.06 73.40 81.43
Aqle

30.0· 31.90 51.34 54.'1 60.~

40.0· ~.59 41.12 43.e 41.29

3.2km LMDS 13.4 dB 22.3 dB
ColI

:&Irth StadonLadtude = 35.0Q

Heilbt Above Sea Level = 0.06 km
Availability "" 99.9~

Polarization Tilt Aoale = 00

Table 2.2-3: Crane Rain Analysis· Rain Zone B (MiImi, Pt.)

Miami, FL Frequency
ltaiD AttemaatioQ (dB)

290Hz 42 GHz 44.5 GB:z 49.5 GHz

lIcvatioa 20.0° 67.6S 106.S1 112.65 123.92
AD&le

30.00 '3.43 83.20 87.84 96.28

4O.0D 44.44 68.89 72.69 79.55

2.0km LMDS 13.5 dB 21.' dB
ceu

l!IrdI StadoD Latitude = 2S.9"
JWIbt Above sea Level = 0.0 kill
AWDabDity - 99.9'5
PaIIriadoa 11It ADaIe • O·
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3.0 LMDS 8)'stllD Feasi..Wty Abo,., 40 GRz

1"ht followU1& information IddnSICI the suipbUity of 4O.'-42.S GHz for future LMDS
oplfrIt.ion and euminel tbe technical and fl.dmcial feuibility for sucb operation. NASA bas
OXItDiard the propaption eaviroDllllDt, fftqueDcy depaIdoat equipaleDt compoDeDtl,
eq.ipmeat aVliJabllity aDd cast impact 01 pt'O\'idIDl LMDS sorvicel at 41 ORz viH-viJ 28
QIIz. The foUowiDl sbowl tbat future LMDS Jet'Vice NqUiremalts caD be ICCOdUDOdlted ilia
COlt effective and timely mumcr.

ScweraI fIcIo.n must be considered wbeD examieiDi &M pmpIPtiOD eDviroDmcat t1Iat would
effect LMDS .yseem opentionl at aay fNqueacy. 1'JleIe iIIcJucIe aunuadoD due to 1'IdD.
pIoOUs attenuatlDn caused by oxYFD mollCulea IIId water vapor iD the air, folille
."'naation, ,and zelJllCtive aDd diffllCtive plcpeniea of bLri.JcIJDIl, Itc. ill die patb of radio
IijuJs. Bach of these a.re dilCUSsed below wich compuilOO made brctwcoa 28 GHz wi 41
GHz.

3.1.1 'Ram EtfIcts

For comparative evaluatioa purpolel, the characteristics of the CellularVilion .yltem .. liven
d\binI the LMDSIPSS 28 GHz NRMC wID be used in the caJcu1ationa lbat follow. For
.-vice iJll'IiD zone D2. a ~.8 kin ceD tldiu. Via propollCd. A 13 dB ram maqtD il.-cled to

ac,hieve 99.9" avai1ability. For the 4.1 an l'IdIDs cell, 13 dB maqin trill... to 2.1 dBIkm
(l3 dB/4.8 km = 2.7 dBlkm). U.mC eq I from eCIR RIport 721-2:

Aueauatloa.
ltaiD IaIe (1DJD1hr)
Repauoa coetIicients uMd in estimating specific aaenuadoa

Rorizonrally polatiJed .ipab .....t the worst cue due to t1aneDiD. of the mill dNpIMa u
thy faU t.Iuoulb the atmosphere. Recreuion coetftcieftl&, k ud Il, CIIII tt.I be :w.pa••d
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using Table 6.3-) (aee attached) from the NASA PropqalIOD Handbook.6

Pnq. k IZ

28.5 0.1666 1.032

41.S 0.3765 0.9282

UIiDI eq 1 wtdl tile rea-lioa coefftcieatl dlcrwn ill the table above for 28.5 ORz, we ibid
that aD lfteD.wtiOil of 2.7 bnIhr conetqJODdl to a raiD rile of 14.S mmIhr. 1bea from Table
6.3-1 <see aaaebed) of the NASA PmpqItiOD HIIlcIboc*. for rain zone 02, • point ram rate
of'14.5 mmlhr comspoods to 99.9" availability.

At4l.' GH2:the Jain maqin can be increaled by J dB, to 16 dB. due to a3 dB mcreue in
hub ID1enIIa piD over 28.S GRz. (Appendix A demonstrates how LMDS lIub ......'Il 41
GIh CaJl provide 3 dB lam over 28 GHz hub IJltIMU and provide satisfactory covoraae to the
1liiie size ceO u 28 GHz LMDS bubs.) For the IIUIle 4.8 tm ceD radius, 16 dB niB maqin
~ to 3.33 dBlkm available mUJiD. Apin usmc eq 1 aDd cbe JellWNioa coeftIcients
for 4J.S Glb, 3.33 dBlkm attenuation oc:cun for I rain rate of 10.S mmlbr. IaterpoJattn.
from Table 6.3-1, in nin zone 02, a rain rate of 10.S mm/hr results in 99.U••vaUabUIty.

It il tJlerefo:re shown that in lpite of inereued atteauatioo due to raiD -beD aouaa from 28 GHz
10 41 GHz, DeU'ly identieal availability cu be achieved ovn the euct lime ..LMDS QIJI.
SiDltJar multi can be shown wben examining openltion in other rain·zonuexhibidDa iii...
point rain rates than rain zone D2.

Table 6.3·1 shows that for 99.9fi availability in rain zone D3 (Memphi. 'IN)J dIe..m rate, R,
is 22 mmlbr. Uama R = 22 IIUIlIbr in eq IIDd dle repeI.ion cootftdeatl iD dlI table abovc,
the'aftenuaUcm iI c:aJcuIated to be 4.0S dBIJcm. A 13 dB raiD mUJin at 28 GBz would NIUlt
ill a c:ell radius of 3.2 Ian (13/4.05) for 99.9ti availability in min zoue D3. AI-miDI the
1liiie 3.2 km ceD size at 41 GHz with ID available raiD DWJin of 16 dB u baf'me, NIUlu ill
~.O dBIkm lftenuItion. Again usinl eq 1 to IlOW IOlve for R, at 41 GHz the c:oMIpOIICIIaJ
Jain late is:

.376SCR)'m2 := SdBlIan; R:= 16.22 mmIbr

1'1'. 6.3..1 CaD thea be UIaI to calcullre die J'eIU1IaDt aYlillbl1tly of99~14.. It.. be
similarly SboWD that in raiD zone B (Miami, PL), 99.9~ availability COI'feIPOIIdato." me
of 35 mmlhr'relultiD. in I 2.0 km een ftdiu. ror 13 dB mUIiD It 28 0Rz. PortbillllllC cell

, Propaption Etreeu RaDdbook tor Satellite Systems De.lp, NASA I.eIereDce
Publication 1082 (04) PebNary, 1919.
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Pi9u~e 6.)-2. Rain Rate Cli..te Re9ions fo~ the Continental o.s. and Southe~n canada



.....
o

'fable 6.]-1. PoiotRain Rate Distribution Values C-/hrt Versus Percent of Year
Rain Rate is Exceeded

P.AIN Cll~T( REGION
IMi nut~sPercent ttour~

" 0. 0 "l ( OJ 0:::°1 OJ [ f G tt
per per

of Ye.r Year Year

0.001 28.S 45 57. ~ ](I 1R 90 108 116 i6!} 66 185 25J 5.26 0.09

O.OOl 21 34 44 S4 62 12 1\9 106 144 51 l!tl 11O.S 10.5 0.18

0.005 13.5 22 1ft.'} 15 4) SO 64.'.J 80.S IlR 14 120.5 118 26.3 0.44

0.01 to.O 1~.5 19.~ n.s 7n 35.S 49 f,] 98 23 94 141 52.6 10.88

0.02 1.0 11.0 13.~ If} 18 7~ J!t 48 78 15 11 Ilq lOS 1.15

0.05 4.0 6." ft.n 9.~ It 14. !l n 3l 52 R.J 41 86.5 26] 4.1A

O. I 2.5 4.2 5.2 6.1 1.? 9.8 14. ~ 'l? 35 5.2 32 64 52i 8.11

0.2 1.5 2.8 3.4 4.0 4.8 6.4 9.5 14.5 21 3.1 21.8 43.5 IOSl 11.5

0.5 0.1 l.~ 1.9 2.3 1.1 3.6 5.1 1.8 10.6 1.4 12.2 22.5 1610 4J.8

1.0 0.4 1.0 I.] 1.5 1.8 2.2 3.0 4.1 6.0 0.7 8.0 12.0 S260 81.1

2.0 0.1 0.5 0.1 0.8 1.1 t.Z 1.5 1.9 2.9 0.2 5.0 5.2 I05ZO 115

5.0 0.0 0.2 0.3 0.3 0.5 0.0 0.0 0.0 0.5 0.0 1.8 1.2 26298 4J8



Table 6.J~3. Re;r•••ien coefficients tor Eltimating
specific Attenuation in step 4 of Figure 6.3-6

Frequency
(GHz) kH kV :lr. Ciy

1 0.0000387 0.0000352 0.912 0.180

2 O.OOOlS4 0.000138 0.963 0.'23

4 0.000650 0.000511 1.12 1.07

6 0.00175 o.OOlSS 1.31 1.21

8 0.00.S4 0.00395 1.3] 1.31

10 0.0101 0.00887 1.28 1.28

12 0.0188 0.0158 1.22 1.20

15 0.0367 0.0341 1.15 1.13

20 0.0751 0.0691 1.10 1.07

25 0.124 0.113 1.06 1.03

30 0.18i 0.167 1.02 1.00

35 0.263 0.233 0.919 0.9&3

40 0.350 0.310 0.939 0.929

45 0.442 0.393 0.903 0.801

50. 0.536 0.479 0.873 0.868

60 0.701 0.642 0.826 0.824

70 0.851 0.784 0.793 0.793

eo 0.97S 0.906 0.769 0.7"

90 1.06 0.999 0.753 0.154

100 1.12 1.06 0.743 0.144

120 1.18 1.13 0.131 0.732

ISO 1.31 1.27 0.710 0.111

200 1.45 1.42 0.589 0."0

300 1. 36 1.35 o.eea 0,689

400 1.32 1.31 0.683 0.614

~ V.lu" for k and D It other f,.qu.nc1Is Cln bt obta1ntd by f"~rpol.t10"
using I loglr1thfn1c sc." for k and freqUlncy and I "nl.r ICll. for a
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size at 41 GHz, the attenuation of 16f2 = 8 dB/km would mult from a rain nte of 26.92
mm/hr leading to an availability of 99.86~ .

1beae ca1cu1atioDs along with the analysis liven ill Appemjx A .how that aD LMDS ayatem
~ be fielded at 41 QIh with eucdy tbe same number of cel1J 15 wou1cl be nquiled at 28
GBz with almost no reduction in .ystem avaiJabWty ud DO cbIDp in I)'Itcm tee.teal
eblraeteristics. Properly deaiped 41 GHz hub ...-nu wiD dlIUlt in 3 dB pm over 28 0Hz
delips with 110 adverse impact to c:overqe tbmupom die cell (toe Appcadix A). By a1Jo
a.piD1 the subscriber _eDna apeltUl'e the lime .1 at 28 GRz lUI addidoaa1 3 dB
improvement results whicb whea coupled with the bub ........ pill compenatea for nearly all
of the increase in n.in attenuadon occuain,lt 41 GHz (beDcc the slipt ftductioJl in
.\taJIabWty).

3.1.2 Gueoua Attnuatlon

Dlft'ereaces in pseoul aftellUatiOll betweeD 28 GHz aDd 41 GRz ftlIUltiDa from oxYlell
molecules and water vapor is neetilible. Tbe combined auauatioD for a 4.8 laD J'ath &Del a
"..vapor deDlky of 7.5 G/m' ia 0.47 dB It 28 GHz and 0.72 dB at 41 GHz. This 0.25 dB
dlfference is insipiflcanl and more than offset by higher uteMa pial at 41 GHz.

3.1.3 FoJiale Attenuation

FpUaae attenuation, whether at 28 GHz or 41 GHz wW be. seriou& obICac1e to LMDS on
path. obstructed by trees. Measurements at 28 GHz by MVtft1 illvestip1Ofl' have found
lipa.l attenuations in the ranp of 12·35 for a sinale tne in leaf. This woaId result in me
LMDS sipal m&rJin of 13 dB beiDl exceeded for u few 1& a 1ia,Ie tree 011 the hDlmiIaicJa
path. Attenuation at 41 GHz throuJh 14 m wide tNe bu bIea. caJC'U1ated to be only 1 dB
crater (14 dB VI. 13 dB) tban at 28 GRz Oen tban .. lOS c",e).

Po1iqe attenuation is therefore, no more of a impediment It 41 GHz than it would be It 28
GHz.

At I..CD lMDS operalUt pIu. to Ule reII«:tId tipIJt to lel'Ye IUbacrfben ill .... blocbd
from 1lJJe.of-IIIbt. AIaIlytic ItVdiel, IIIpplemeated by IaboratoJy DIIUWWDCbJtI, have beaG
petf'o.rmed by NASA to detennine the varlatioa in reflection prope:rUes betwoea the 28 and 41

"I Attenuation of Radio SilJ1lls by Poliage· LMDS/FSS 28 GHz NRMCf67.2.
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GHz frequency bands. Appendix B provides the deW1ed results of tbe&e activities.

Tli6 ualytical aDd experimental lUultJ both iDdieate that the mtDCtiOl1 of iDcideut dJDlb by
vlJbg bulldiDa materials varies ....y blled upon the type of muerial, die tbiQbet, of Ibe
m.terial, and the lillie ofiacldeoce, u weD II tnqueDcy. Ho"ev«, ilia m..otioa·oItbNe
~rs~ luch that cumulatively there it DO lipiflcant difference in nf'IecdDa··IIN,"""
....... tile twO frequency bands that would ruult ill measul'lbly IUparior pedal"".... 01 an
~S systan at ODe band compared to the other.

3..1.! PropaptlOD Envtronmlllt SIIIIIIDII')'

.tJ\:JoD. analysis of the propqadon onvironmeat at 41 GHz, includiDl raiD el!octl, II'"

.....don, folia.. Ittenuatioa and relIecdonId1frracdon, OIIIy rain atteauldoa ..It. III lIlY
appreciable dlft'erenc.e compand to 28 GRl. It baa .... abown that tbeincnuld ..,__n
dUe to rain can be effectivel)' compengted for with minimal impact on LMDS.~
c~erl5tics while maintaining the identical ceU sizes u pmpolCd (or 28 0Hz ..aperadDm ill
aU rain zODes.

3.1 41 GBz Equipment Plnm4It.n

Only • telativeJy mall portioD of the .yam elements that drive LMDS COIl are~y
~nt. TbNe are 1M R.P portion 01 the hub trIII.mitter (upconveJter aad power
_lifter), abe bub and subscriber antemIU, the RP portion of the lubscrlber maeiv. (low
.... bled. doWl1coovelter). UId for LMDS syaeml employing twO*way comDllml_, the
IFportions 0( the subscriber transmitter and hub receiver.,

The !alainilla components which make up the~ of the LMDS syaem COlt are the
MIlle, iDdIpeDdettt of fJWluency. 11tese include for the hub, tile transmitter mocIulatDn IItd
If'l. encoderI. power .upplies. diltnlmtion equipment. lite costS and aquipmeal tICka, ClbUnI
•• At me sublcriber. the demodulator aDd -.ejver IF, tbe decoder1 .... iDtmfaCCl, power
IIpply IIId. ca. an would stay the lime.

1IIe toUowiDllICtionl shall examine the feutbiJity. colt aDd aVlilabiUty of tile 'YII'Jou.
filequency depeadent compoaeots.

3l.J.l RJ' 1'ra-.tt:t.I

~t prneat ....n is • low rate p!Odudion of 21 GHz helical TWTAI at a 1IOIIIiDa1100 'II" If
~r. TbeIc T'WTAs are in the price rap of S65X, .bout batt the co..... to_ TWT
IW. The T'WTs are presently about 101 efficient, rf efficiency beiDa deftDed a.1Ido of
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OUIplt rf power to the product of eatbode cumnt IIKI voltqe. Tbe question ariJea u to
wbethel' these TWTs could be converted to operate at 41 GHz lad maiD. their power
pn)duction.

NASA's recent~ with me devoJopIDClDt of the hiJhIY suceeuftJl 32.5 OBI Cauini
tube iDdicates tbat a weU-establlshed helical TWT simulator, the modH!ed Detweilercode. is a
reBabJe deaip tool. We therefore applied this prornm to tbe convenion of the 28 GHz tube
to • 42 c:mz tube.

We obWDed cathode curreot and voltqe from tb6 JDlDUfactuter and IIIIde JaIOIIIbIe OItimaees
of:the other tube puameters baed on our 32 GBz experieDce. 1bcIe pmmetera ..... tbea
Jaa1ed to 42 6Hz. We uaumed an inidaI belix phue velocity equal to die velocity of the
eJecutm mabe be:IIIl (ayncluonoulopentioD). Our de.ip approadl iDcJaded·. COI'IIII)ft

practice of deczeasiDl the helix pitch (diltl.1lCe berweat tuml) It tile ODd oldie circuit to
increase eMcieDCY. Ulin. a simple oon-opdmized lintM pitch reduction, the code calculated
110 Watts output (9.2 II rf efficiency).

We chell examined the 28 GHz tube in a similar analysis and found thaI I liDcar tIpOrinc of
helix pitcb (pbue velocity), as described above. could result in III approximate chtrty Watt
power increase to 130 Waus.

ItshouJd be noted thac the above analyses am conservative aad tit well with molt
JPaDUlaetutas' fabrication schemes. More radical Velocity taperiD. scbemea, auc:h u wu 1IIICI
in the Casm development, could resule ill eveo further efIIcieDcy (power) pills. MoreovCl',
ootbiDg in our desian approacb pvc any indication of incMUed complexity or coltS.

Our cakuJatioDI verify wonnltion received from tube manuflCUlm'S who eldmlted that a
DOJl-Gptimized helical cube delip, pmduciac 120 W rf power It 28 0Hz. could be aM to
produce 90 W rf power at 42 GRz. The vcndon estimated that ill low volume producdon,
~ Jl tube at 42 0Hz would cost approximately 20-25 ~ JDOJe tIu the 28 0Bz equivalent
~be. SubltaDtial nlduetions in COlt, of the order 'O~, could be achieved if product!oa·were
ill volu..,. of several thousaad. 11Ie proven etfideacy eMancemem teellll:lqueI dIIcdbed
above could be applied to incraae tile rf output power to It Ieut 110 W with minimal COlt
iirJpIct.

It I. importet to atreu lbat whUe aome deve1opmoat time would be Deeded to ICIdave
prodDctioD of 41 GBz TWTA'I (approximately J8-24 mOldhl). tile CDneat pmductJoa volume
lor 28 GH% TWTA'. is very low IDd would require time to develop aew~
techniques to adUeve biIb volume productioD pnaumably Deeded for IIIltoaIl·LMDS
depJoymeat. These production teelmiqua could be put ill place duriDI !be deve10pmeac cycle
for the 410Hz TWTA 10 that bi.h volume produclioD would be pouible upoacomplldon of
development. In this case, time to volume producdon of either 28 or 41 0Hz TWTA'. may
DOt be substantially different.
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Pot distributed amplifier hub delicns, suJVcya of .veral mlDufaetutetl (1'RW. Bu_, AJpJaa
lndustries. and Comsat) have revealed that O.~ W SSPA'.~ cun-ently available 1& 44 0Hz
with leas than 12S~ cost diff'ereDtiaJ over 28 GIlt SSPA'•. SSPA'I at 41 0Hz wcaldbe
nadilyachievable. Similarly, low power SSPA'I for ill me l'IIIIe I*decl for~
trUlIDiuen are readily achievable at 41 GJb: for 10·201 colt diffet\BtIl over 21 CiHz.

Hub IJlteNW at 41 GHz are _ny achievable providiD, increued piD foramllar **'dIIip
u at 28 0Hz.

Jbr IdbICriber 11ItemIU, retJector tocbDoJoly .... pNfemd at boda 28 IIId 41 0lII by &be
muufacauen surveyed. Planar UTly impJemenIItioa II Jlilbdy leu efftcicat It 410Hz fJUUl
at 28 GHz due to hi,her line JosIeS in combinin, MMlC lIfty palChea.

3.2.3 DRtaI,...

~Yernoile "lUres II or below the lC'Nelaltated by LMDS p.lOpODeftts are Mdlly
achievable at 41 0Hz with mlJWfaetumr estimIled colt diftoreDtiala of zero to 25~ over 28
OHz low noise receivers. Supplien indic:atec1 their eqeme•• to provide 41 0& compoMftU.

)'2.~ Equlpmeat Performaace II it AtrtlCtl Spedrum EfIIdaey

Specuum Bfflcienc)' is • function of ...... ddeIobe aad CJO••~polarizadoDperforIDauce. both
tI wldch are diftcdy maced to antellDl manuf'acml'iq toletuce$. It is Mdmared thIt for die
sublcriber 1JIteM&& propoted by LMDS~, am.1UII maaufaetun., toletuceI .... to .
.til about 0.22-0.24 mm mlS It 28 0Hz and 0.15·0.11 mm mrs at 41 GIll. N4lIIdIer01_
tOJoruc. leve1l is expected to be I IDIjor [ecJLnXoal cbaJJenp by antenna manuflctulWl once
fbD production of the Ulef UMaceiven i. u....ay.

JrilIodcaUy. toIeDIICeI have belli aafuuc widI hanS.IN tbIt is IDlDUt'Ict1aftld m...
quudtieI. ToletaDce requin.lneatl wu OIl '-*tr ia the relativaly b.iP·COIC or..:u ....
fiqUtpmeatia t!Ie 1960'•. WidlldP volume pnxlaction. such cquipmeat DOW II1JI fat 1110
die 00Il ofebe 60'1, ill 'Pite oIlipifleaDt inftation, There is DO reuoIl", exJ*t u7dltl'liem :
telUh for 28 0Jh or 410Hz .i.Pft*ll. .

(J)dlltor pbaae noise cau~ by II lIluell II 3 dill 41 GHz COIDpUfd 10 a 21 (JIIz
0ICtDat0r.. For a ",.n ..... receivw 1,1taII. bowever, oleiDaror pIIue DOiII CID ....

~ aeveral •• or dB's without actvenely impecdDa tpeCtlII elftcieacy. Por .lICIIy.·.,....
..... thas ia only marainaUy funedonal. that fc ana wJIh a bate hemes odUatCllr exJdhIIIa.



poor phue ooisc chmcceristks, it is conceivable that • 3 dB depadalion ill ItIhiIity could
mRdt in adjacent eJwmel interference. In such iDttuc:eI, it i. CODCeivIbJe tIIat pnI bud.
betweeD LMDS video cIJ.nne1& could requite aD additioDal culbion. A doubJial of the pud
bud for the CeBularViJioD PM video system would iDcreIse the totallJ*tnsm NqUinmeat by
only 10% should their receiver system desip so warrant.

3.2.5 .1 GHz FAlutpmlllt Pal"8lDlt... Sa.......,.

1be pRCeediq StJCtiODl have aboWD tbat 41 GHz LMDS imp1emc:atadoD is qdmtraUy
lC~able and can be deployed with 1M same ceO dIIIIity u a 28 ORz ".-D. Tbe COlt
impact is tberefo~ limited to dae ..tive1y few fNquCIDCY cIepeBcIeat COIllpOMDtl ill die LMDS
1J1tem. Surveys of mmuf'aeturen of tbeae compoMDU bave n:veIlId tIIat. ped"ormllee
equivalent 410Hz compoaem. caD be made available It approxtm....y I 20~ COlt~
0\'eI' 28 GHz. Given tbat these frequeacy depeIldent compoDeDtS make up ODly ••man poItion
ofthe total cost oftbe ums system, tbe oven.lI cost impact to UdDS deployment It 41 GBz
would be subltlDtWly less.

Prom • time availability ItaDdpoilrt, 41 GHz TWTA dDveJopmeot i. the pac'"...aad
could be available in 18-24 mODtlD from iDitiatioa of deve1cIpmaIt with nearly limu1luecNs
]up volume production. All other components could be available in production quutities
within this time frame.

••0 CoadblloD

NASA bu ulelSCd !be suitability at usia, frequeacy tuds above 40 GHz for providilaa
LMDS aodIor commercial II1elJite communications services.

FOr LMDS 'it wu found that tbe~ ia aD 8 dB paaIIIy due CO iDcMIed niD atteII1IIdaa tbat
molt be Iccommodated iD opeJIdDr at 41 GHz venus 28 0Hz. Due to the ceDuJar...01
_ LMDS .yltemJ, and abe deliped ability to vary ceU Iizoa to CODIJW''' for dIIferiDI·.
10M anu in maiDtanftl COGItIDt edp of c:eIl aervico avatJabWty I tbe 8dB J*dY is tile
lime tor lIlY raiD %ODe. It wu farther IboW1I dill the I dB .ddltloaaI .,.' CD be
accommodated by tU:iq Idvllltap of iDereued ...... pia in tk bub tru 1IId
IUbicriber IDteDDU for tbo liliie ipCftUlIl UId~II amID depadIdDa :lD avIDIblBty(99."''' It 41 QBz veI11Il99.9. at 28 GHz.)

lMDS frequency dependent compoDeDta were f'ouDd 10 compriae a IIDID.pordoD oldie CMn1I
LMDS 1)'.... Por tbete COIDpoIMIltI, 1W'YeJ' 01 poIentfallMDUtKCunn iDdieate tbat 41
CDI2: COIDpoDe1ItI ate easily acIIievIb1c with cbo .DICeIIII'y pcdormlDCC chIAc:teriIdCl It a oott
wblch is approximately 20~ p.ater thaD COI'I'eIJ'OIIdi compoaeDtI at 28 GIll. The IJXMIIJ .
system cost ditfeta1tial would be substutially leal. Tbe lonplt lead time budwan:
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component'would be the hub tmnmitter TWTA with an 18-24 month development tlmc line.

Ovenll it was found that an LMDS system could be fielded at 4J GHz, fully equivaJent and
DavinS !hewne number of a=lls u at 28 QHz. with modest cost and echeduJe impact.

For commercial satellite communicatiOlJ1, it was fouDel tbat altbouab militlry u.. of tJIc 44
GHz bud for upliDk operations demoaltt&1el the tecbatca1 feasibility of uJilc INquIDC')' buds
above 40 GHz for satellite communication•• die ecoooarUc peaaltiea would preclude IUCh .11
tor commercwlflPlicadoDs at the preMUt time. DoD wilUD. aocepU die IdP COlt of
toIdevin, die stntoli~ beQefits of 44 GRz OPOraDoD for IUIODI of nadoDalleCUrit)' .
Commercial atellite communicaCioll' systems mUll compote OD • COIl bail wida tenwII'ial
abrDadves a. wcJl u fomp .tellite competitkm &ad CID DOl employ tbe IIIDe Idad of
budwln! oompensation used by the military in a manner which would provklecompcdtive
ter'Yices.
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APPENDIX A

LMDS Hub Antennas at 41 GHz Can
Provide Satisfactory Coverage to the Same

Size Cells as 28 GHz LMDS Hubs

Rodney L. Spence
NASA Lewis Research Center
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1M. Hub Aece.o'" •• 41 CHI Cae Providt SattafKto,", Co~...... Co tb. 5..... Stle C" at 21 Glb LMD. H.....

The cypes ofhub.tG-aubtcriber -ntcmap~~. LMDS ploponcntJ lIl'lIade JUtrrr hem andbi~~ atKel1ftU~ .
10 provide nwty ClII'lftl·-dinlctionai "weorage in the 8ZJJ'JNdlupl.- IIId half power beImwi~ (HPBW) ,.,ptI tam tbouI ~ ·1 $ III
1M eleYIbaD.pltM. Far the cue of_~ hom Iltl~.. in which the wmuth coYC'ap: oran ".dJ~ hom Ii leu then )60 ,
(t)'pically 60•• 120-), lhc hub lldeMa would COUll( of IfIlPPrOFtatt n\IJJ_ of _tel' home IITtn.-et In I carw.I. caaftplltlGft IIUCh
\ha' the~te pattern is OIMl.-.uCllal jJ) awnulh.

hi COIftPIIu. opention ofLMDS .t 280Hz wilh ""t 11. 'I GJU. QCNift LMDS pi~ bave clailnld tMt 1M 41 ms. .....­
G\WIl haw.. .,uvueru uinlta&hIelcv.uoa ClOwrate IIId IMWobe ,....-n (t,e MmC J'IlIiIUOlt infmIiIy ptIrIm) u 1M2t 0HaIwb in .
I3I'CW 10~ ceww... of IIIblCribert bod\ cl.. to and 4iI&InC tft!lft ta. bub ........ aile Undir - ....... die') 0Nz
...... wiIJ!thnfcrt~ d«tralt cIimeoJioaI from dle.21 OHt _1ft IIld the ctiI*liV1fy (J/ It.- two---wiU, be~ equal
............hlw.a... 11IM powtf patcem hew the ume ditletMlY.......othq..-..:y. F'urthlrnae. by ....
1'Mt dlIt 'aus tee lIpIClO~ 1Ft hip' II 41 0Hz. one QItl .-rive at the mitItIU\ ccnduaion 'lbat. - all adMr ,
~ - !be"1 0Hz bub o-.acpnwide the ... quJity of~ (u ftWU\ued by (he I'GClCivtd CNR at the IUtMcriblr) in "lime
ti2c 0111 ...21 GHz bub lIIId tMrttcre smaJlc:r CGlI ail.c..... rcqw.d at 410Hz (lIon, with more ce1la and man bub~w
proYtclc wv)ce &0 &he MInI overall cover... area). H_~er.lh'. IOnelu... II baed '" pan Oft .tMj_• ......... da 1
Gill ••••,......... b.", dI, ••"'. r.dtatloa late.,It, p....... - Mel tMNlo....... dlrMIlvh,· .. die JI GNa Thi.
f*'l not be:"".. bowewr. What l' in'IponInl is ahal whal"'''' ,I'in and sideJobc c:ftltlc:laullg &be 410Hz In..... mayltlw. dIIy
are I\lftlClillm to provide eM raql1i.tfld CNR pcrforntall'le for an tublCn~ wi1hin \he gell (\akin. InIo IiCIDOUftt the hiP. ram ,....),
CNt*"~ tNt It Al GHz. Uw Iky~.ed .i4elobc suppre..aor. otUte 21 GHz -1ft would BOt nalClIIIrily be required..) Wilh
JWClPlII'de-an.• ~1 GHL hub Inta!:na wilh hlaher sam CII] provide the same quality of"';oe to the .... _ 0111 u .28 OHI bub.

To illl,"'I•• a _tor hen ancenna Will delij7Wd _. tbt daipl equ&UOftIIn II ) whi~h hu • dircotJV'i1)' of 11.4 dBi. pin 0115.2 dBi
(UIlImiftt • ~.w:nna et!ic~), HPBWin the elevation pI.. of6 ..e. and HPBW in uimwh ofabout 61- SiX ......b«nI
arT,,!,_ ~" <Oircle would form I comPOSite beam whiGh i. omni-<lif1lCl.onal Itl 1Zirnuch. The dUll.,.ion. or the bam IIId • plot ofIta
nsllCive Pill pauern \I) the elCVlt60n plane IS tbown in F,S\l1c I Since the w.vclenJdt al 41 GHz jj 0 73 Q1\. Cbc .blGlus. diIMoIion. o(
Ih. horn wtuJd be .bout 22 em 1Xl.) lenvth with an apertUre of .bou16,6 em x066 em (nolc that the aperrure width II Vt:rj IWlOWUl
order to "W 1M 111'. beunwiclla in azimuth). The I.in of I S,2 dBi ,. eboul ~ dB hither lJtlllllhe 12 dBi pin oftbe 28 QHz -t:n,
Ulift~d1c 1'~ 2dBlllOlorl1 born antennl, an analySIs wa QOndVoCted 10 determlll~ the 1ft'IPJCt oflbe pltlem on the CNR~
., \l1l1DUI diacances from !he oell Genter For (l(IInputallOl'l PUfl'ClM', tM fnllOWin, parlmeters were cho.,

· ocll SIze IS )·nuf. (4 8 km) rldtWl (JD"" .,i" QI ]8 GHI S)'JI'",)

· UMlNb *tterut. i. UI\lmed 10 be llpprcilumaccly 100 f.et (:to 41 meferS) above around lewl on lap of. buiJdin, or lower

• abe m.~ beam of Ibe hub MEaN II IIIWnCd to be tilled downward J. below Che horizontal
(....... ",Illan rtdilll cell. this raWu In Ibc boralWtt llUl inl• .eoUftlllt a point I'~ rnelen &om the cell cenw)

· • ~ific rain~cn ofII- 333 dBib1 i. UIUInCd 1141 S OHz whic;b lives 9984% .vaiJlbibty an raJlt t.one 02
(dli. QOIItp..wt1ll • tpeedk rain .ttal~lJOO of 2 7 d&1an It :ta GHz. (or 99~ .~ailabdity J

• the J"tt,t";w,. IDtIlJuu aaiD Oa IS 1110 ......s 10 be l dB hilhcr ....10Hz chan .t 21 Olli lPvins'~yc .. of 35 •
!b'~p'". '~pat'lmettnwen Ween &am tho CotNJ.,.Vilion link budpt eaattined in the document. "LMDS i. no« ViMb..
III I'M~ 81nd..b(we 40 OHz" These II!'C blted tltlow

· PT· 10 clBW (t00 W) peU • hub tr8l1.lRUtter power

·1-.. • 7 dB· TWT·bId««fer l-.nty

· l ... t7 dB • power reduction due to power llhanna amon, SO ehllUlc1a (i ~ • Mile TWT II u-.d for 111 SO 2O.MHz c;haMeil)
· L,.· I dB • UAnlrNt liM 1011

• 1"1,. ·~25,~ dOW • rec:el\'« Ihmnal noise lfvel U1 186 MHz channel bandwtdth A8~trdng 6 dB receiver LNA nolle tiprc
- R_IUN CNl{ of 16 dB
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(,n quantitiescKpr~ in dBs)

The equalioo for the n:ccived eNR (per channel) ill I liven subscriber location is thonllVCrl Oy.

CNR-P T- Lbe - Lch - L line ... GTCe)- Lis - LraiD + GR· N1

wh&!re in Mdibon to tbc pII"IIDC*'l"5 ddiDed .bove,

Gr<'> it Ibe' IIiD of dac hub ancenna in dae dincliao ofthe ..blWiblr tnd 8 illhe olI'wlXi.Jn8lc af Ihc aJbIcriber 6-am the main b.m
axis oltbt bub aatcaaI (aWn been oI'hub is.-umed to be IilMd ). below the horizontal)

u...._ fIqIIIIbon. tt.NCIliwd CNR ... Iuaction ofdilllnCC fi'cIn'" edl .....wu ClOGlputai Tbc NUll ofdw....,...
Ihowa ill she Ii..,.. belo.... Figure 1(a) thaws Ihe l"Cll2iwci CNR va~ i'afn the cell ...takiha iato IOOOUftt"_lobe
paaem 0(U- hlab .clcr hom antenna. tbr variation in &ee-ilplCC loa, Md the vari.tion in rairl to. .. one~ twlY hID die
oner, It CMI be.-at thaclhe CNR ~wremenl of 16 dB is mel .11 the ",.v aut to the edse ofllle cell. The CMl.a the vwy .... ofdw
cclJ is 16.15 dB,

Fipre 2(b)~I the .-x3atcd bub anteIma" The pea pin OCWB It I distinct ofabout 1750 matarI. but beyond tMl poUlt
rlae ,lin i. VfIt'J nNriy flM all tbe way out 10 the Mse o(the cell. Thi. a bec.UIC &he oIf-axi' apc at !bolo poInta rem... 1oii10zeroס
.. Ihown iD Fipre 2(c). SublCriben clClle ill to thecemcr experience bttle Ilin tom 1hc hub Intennl. iu dleit CNR i.1&i1J weD~
40 dB Iinct !bar ranse la.es Ind rain loMes are very small compared. to thole farther out u shown 'in Fiaure 2(d)

II--. ..,'............. u" place..... 01 tile Itub ..ce....... rw¥fred CNJt p.ffo...... caD be mit or .IClJiI. tlI.......ut
tIN .... ,LMDS C'tiI wtI..o,.,.daC at 41 GIll and then i. DO need to eo to & .,..11. ceil size. (Block... d_ to buildinp•
.,..••. will of CO\II'SO prevent l'CtCplion at every point just II it will It 280Hz )

I~a ,1'JJ@:y AnalYsis and QsUn, Conctenti:ne A, B.alllill, ChIptcJ 12.

20



Fipare I ~10l of Sec:t.oral Horn AnICMl PatWm in !he Elcy.uon Pl~

ne dimeNlKlnJ ofme hom Ire

Pr" uJaJ len,", ofhom • lO)'
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Fipe 2(1). em (dB) V!JDj~ fJom Center of Cell (mctCf'I) (\ D nttinboMm tilt anile)
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Fip'e 2(c). 01r·axjs Angle Of'5voKnbcr from Hub Antenna MllJlbeam Axls Vi Subaunbe:r Oi-.nce 6'om Cell Ccaler
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APPENDIXB

Reflection Properties at 28 and 41 Ghz

Robert Kerczewski
NASALeMsR~uchCen~r
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LUOS • Atfleetion Propertt•• It 28 .nd 4 1 GHz

....yric:.f &tudll', lupple",lnt.d by I.borltory m"lur,ment" hi"" be." perform.d .t
NAI" Lawi. to d.tlrminl the vlri'tion in ,."ection proPtlrt~. bltw..n 1.... 28 Ind 41 (J"'~

frequlncy blnda.

The ""'vt'clt .nd ••plriment., rllu't. both indicat' tnat tht r,fl.ction of incident .,nll,
by v.riou. building mlt.,i.,. yarift ore.tty b••d u,on !hI type of meteril', the thlclutnl of
'hI me,.ri.I. Ina 1M angl' of incld.nCI, I' w.tI .1 f,.~uency. How,v.,. tM iftt....adon of
1h......'.m.......r. wch thl' cvmull,lvtfy lh." I. "0 IiInifil;llnl cliff.'lne. in ',fleet'~

p'~i.. "tw••" tht two fr.quency bInd'lNt would'iault in. m•••u',bIV "",Irior
performlnce 01 In LMCS .y".m .t on. bind com~,.d to Ih' otht'.

The r••ulta of the In"veis .nd m"lur.m.nts .r. summarized by the fOllowln, tlbl...nd
Olen,.

CAl CUI AriD BESUJ. IS

III,ur.. 2 through 5 .r, plot' of the cllcullt.d refl.ction co.fficient. for gl....nd plywood
at tevlr,l thick"......

Fil"re 2 plot. tht r.'Jletion co.'f'c"n! for 0.125 inch thick gllu at 28.5 Ind 41 .5 GHz.
"'ow 4&', tn. reflection coefficient il hightr It 28.5 GHz, what abo". 4S· the r.flecdon
COIf'lei.nt II higher .t .'.5 GHz.

Pllur. 3 Plata the ,eflection coefficient for 0.626 inc" thick plywood •• 28.5 .nd 41.6 GHz.
~ "''-etion coefficient i' hiQh....t 28.5 GHz for r.fl.ction angt•• 01 betwltn 20' and
..., and 'bov, 58'. At.1I other ,.fI.ction .ng.... tnt r.fI.ction coeffici,nt i. hlgh,r .t 41.5
GHz.

TWa cllfflr,nce between refl.ction coefficient. for th. ebove c.... i. plotted in Figur. 4.

'i~re '5 plot. the refllC1ion co.ffici.nt II I function of frequency for ,hrn Giff.rlnt
'hlckne.... ;01 glill .nd plywood. The ptots indicate conateter.bl, vI,j.biUty I' • function
of(',.qu.ncy. mlt.rial. Ind mit"." thickn....

MI""llle· BII! Il IS

flit"'. 1 ehow, Ihe 'Ibor.tory I••CNt"" for I Nt of r.f"et'on m.e~r.mtnt.petformttd on
'oUr m.t.ri"~ .....11. tllumi"'um ,hetU. concrete brlct, woC)d(eompoaitl of a.Blnet'! plywood
.... , tftCh bv 2 inch croat pil.I., Ind mirror (0.12& inch u"l...d .....n. The re,teotiOft
cOllfflcltnl WU ",••lUrld for incid,nt .ngf.. of 10-. 30-. 4&·, .nd eo·,
~ t.1t ,•....eta er. IUmml".'" 1ft r...Ie. '",_II. In tlble C, the me••ured r.flection
caitffici.nt..... given, wn.r. the ,.~etion coefficient il celcul.,.d for thl briok, wood, .nd
m4rror bv earnpariaon to tn. r••ult' for metal. Th. met... IC)Ofok;mlting I Q.rl.ct
canductor, is u••cl al • .y.tam c.libr.'ion, Th. 'e.ultl .r. glvln for fr.qu.ng•• of 211.15
.nd 30.0 ONa (dLM to in.Uumt"18tlon limit,t'1fa. 'flult. It "'.5 GHz could not ba
obtained.)



In table \I th' difference bMw"n the ,.,.• ...".d reaults obtain.d It 2'.5 artd 38.0 GHJ
iI .....ct. 'A poaitive number indlcat•• I high., reflection eoefficient It 28.e GHz. while •
negativi number indicat•• , hight' ref.ction cOitfictlnt It 3&.0 QH,. ~. ,elUll' in$catl
thl Vltiltion in "flection prOOl"i'l bltw"" the two frlQu.nCi•• tnulting from dlffer.nt
m8terial••nd r.f"etk)n In,I••. Of the 12 ClIU pr...nt.d, thl 'If.etion coefficient "
.....her 11 2'.5 GH2 In 8 Iftltarlce.. The IVlrlOt tor tM 12 ca... il ..(US8 dB. or • liithtly
hither Iv.r.,1 reflection It 3'.0 GHI.

Limitation. in ..borltory inttfUfMntltion and ave"." mat,ria" for t ..tine. II will .. far
tlmt to completl tn. tM'lurl"'lntl mlttt , dir.ct comp.,JlOn betw••n the mea.urtcl end
••cu••ted r.ault. difficult.

III"".. a thro"lh , .. give • comp.ri-on of tN. uncorrected meaaured result•• J*)tt.d •••
fune:tioft of fr'Quencv. with the Cllculat.d raautts. Plel•• nota dlfferlnOI. in the horizontal
(frequencv' .cal. betwtln thl mt.aul'td Ind elleu61ted dltt. Figur•• 8. 81h0w m...ur"
dt" for mirror .nd wood .nd ca'cufated Clatl for g".1 tnd pfvwood. at In inoiden, Ingl. of
10-. Figur•• 9 • 11 show m••lured _tl fo; mi,ror .na wood and cI'culated dati for 1""
Iftd plywood. It In inci.nt enei. of 30-. 'fg,,'t. 12 • ,~ .how m.asurld dlta for mirror
Ind woodtnd oe'culattd data for 81na Ind plywood, .t In incident Ingle of ,0-. Taking
~ftt~ Iccount thl dlff.rence in conditioN b.tween mlllU,ed and calculated c..... the "'011
tn fit"',.. 6 • 1••how elne,a' agreement betw.en tM me••w.d Ind calculat.d "'Ultl in
t.rm, of the veriation of reflection coefficiant with frequency .

a· ...... "..,.......

. '0,...'. ,~ ..
~ '.

~( .
a~ :.

, \. ...
~ .'~.• •

.• \0 ~••1
~ ...

Nmtt horn

........'
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TABU I
M••lured ~.f"etion Coefficient at 28.6 .no 39.0 GHz

fo' 51",,,, "Ilding M.tl,itl.

M"-ICTlON ".'LICTtON ".'Leer'ON "IFLeCTION
ANGLE COEFFICIINT COI'''CIINT cOIMeJiNT

lCI) IDI} IDa)_CIt
WOOD ...-OR

I

28.1 (1Hz 38.0 GHz 21.1 GHI 31.0 GHz 21.1 QHz 31.0 GMt
,

..3.1 ..0.1'10- .. , 1.5 -1&.8 -'1.5 ·11.1

~~ .10.3 ·7.7 "12.1 ·12.2 -0.5 -2.3

41' ·13.6 -5.2 ·11.1 -'7.3 -3.2 -2.7

10- .4.3 -4.4 -'3., .14.5 -0.7 ·2,1

TAILE II
Diff.r.nc. betw••n '.ceiv.d r,fl4teted power

It 28.5 GHr .nd 39.0 GMz

,NCICINT ReFLECTED ItlfLECTEO REFL.ECTED
ANGLE PaWl.. ~E" 'OWE"

OILTA 4dl) DILTA (dB) DILTA Cdlt
IR1CK WOOD III

1O°ter••• •.3 -I .• -2.&

30 Dee'", -2.6 -0.& 1.8

. ,
41 ""''''

-•.~ 2.2 -o.D

• 0.1 1.4 "

I!!d.", "own in the chart .1 clerivltd by .ubtr.etin, the ~.Ubf'.'~ "'Cafv.' pO_ It 11.0
.-v from .... CIIibrated 'ecaived pOW" It 21.8 OHa. A politi"I v.'ueIftcfIOlt.. I ......'
M.ved pow., It 21.& OMI: • n.'.ti.... y.l~ mdic.tll. high., r.ceived power It 31 ClMI.
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