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TECHNICAL APPENDIX A: GSO FSS /NGSO MSS FEEDER LINK SHARING
PRINCIPLES IN THE 29.25-29.5 GHZ, BAND

Spectrum sharing between a GSO FSS system with ubiquitous small terminals
and NGSO MSS feeder links in the 29.25-29.5 GHz band can successfully occur if two
simple rules are followed. These rules are consistent with ones already adopted by the
FCC in Part 25.258 of the Commission's rules’. The first rule is that GSO FSS uplink
beams in the same and adjacent cells as the MSS feeder link must be of different type
than the MSS feeder link's beams, where a beam type is associated with a specified
frequency band and polarization.

Figures 1 apd 2 illustrate how sharing can be accomplished between the
SPACEWAY GSO FSS and NGSO MSS feeder links. Figure 1 shows an illustrative 1°
satellite beam pattern that covers the contiguous U.S. Figure 2 shows this same beam
pattern enlarged and shows how, with appropriate frequency and polarization
management, two MSS feeder link sites can safely share spectrum with ubiquitous GSO
FSS uplinks. The actual GSO FSS satellite beam pattern may vary from this figure, but
will employ the sharing principles illustrated.

Using this frequency and polarization reuse pattern, it is possible to design an
MSS system to use the 29.25-29.5 GHz band for feeder links without experiencing
harmful interference from ubiquitous terminals of GSO FSS networks. This is shown in
the attached link budget in Table 1, "UPLINK Interference to MEO space station." The
MSS feeder link C/1 ratio with inclusion of SPACEWAY ubiquitous terminal uplink
interference is over 50 dB, assuming cross-polarization isolation of 30 dB.

Another rule, requiring the NGSO satellites to have repeating ground tracks, will
be helpful in two ways. The first is that, even when an NGSO MSS feeder link earth
station is collocated and operates in the same frequency band and polarization as 2 GSO
FSS earth station, harmful interference between the MSS feeder link and the GSO

"It is significant that the efficacy of these sharing principles is unaffected by the number of GSO FSS earth
stations deployed at 29.25-29.5 GHz, and that these principles apply to GSO FSS earth station antennas 66
cm and larger. The sharing example of the attached link budget assumes an unlimited number of GSO FSS
earth stations with 66 cm antennas.
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network can be avoided by carefully choosing the Right Ascensions of the Ascending
Node (RAANs)® of the NGSO satellites. The RAANs must be chosen such that the
NGSO satellites maintain enough angular separation from the GSO satellite in question
SO as to prevent harmful interference between the NGSO and GSO systems. The RAAN
can only be chosen for a repeating ground track because with a non-repeating ground
track the RAAN changes significantly over time. An NGSO with a non-repeating ground
track will maintain its initially chosen RAAN only for a short time. Figures 3 through 8
show how interference is mitigated with proper selection of the RAANS for a 3 plane,
repeating ground track NGSO satellite system with circular orbits of altitude 10355 km
and inclination 50°. Figures 3 through 5 show the azimuth and elevation angles from an
East Coast site to the NGSO satellites and to a GSO satellite located at 101° W. The
orbit plane of Figure 3 has a RAAN of 95°, that of Figure 4 has a RAAN of 215°, and
that of Figure 5 has a RAAN 0f 335°. These figures show that the difference in angles
pointing to the NGSO satellite and the GSO satellite is always at least about 8°. This
angular separation provides at least 30 dB of interfering signal attenuation by an
interfering earth station antenna.

Figures 6 through 8 show the same mitigation technique with the same RAANs
for a West Coast site. These figures show that the difference in angles pointing to the
NGSO satellite and the GSO satellite is always at [east about 15°. Again, at least 30 dB
of interfering signal attenuation will be provided by an interfering earth station antenna
because of this large angular separation.

The second benefit from repeating ground tracks is that, interference from an
NGSO system with a repeating ground track is easily tracked back to the specific NGSO
feeder link interferor, and then the specific link can be dealt with. If the NGSO satellite
does not have a repeating ground track, it will be difficult to ascribe interference to a
specific link, as the NGSO satellite orbital history will be complex.

? The RAAN specifies where the orbit crosses the Earth's equatorial plane as it flies Earth-Northward. For
a sateilite with a circular orbit of given altitude and inclination, the RAAN determines the look angles to
the satellite from an earth station.




The current FCC rules support two major sharing techniques between NGSO
MSS feeder links and GSO FSS systems with small ubiquitous terminals. Ejther
technique, frequency and polarization management or careful choice of RAANS for
repeating ground track NGSO MSS systems is adequate to allow sharing of spectrum
between the NGSO system and a GSO system. These techniques can also be combined to
allow sharing without harmful interference in the case where the full mitigation of one of

the techniques is not achieved because its rules are not strictly followed.




9
C HANOIA

v ¢ sasn T/ SSIN OSON

A S950 "T/d SSIN OSDN

("pozinin aq [pim (s)pueq

1ayp0 Suisn (s)weaq) pueq ZHO 00$°62-0ST 6T 9U1 Ul weaq ¥ MHIVAS ON = X 2dA] ureag
ZHD 005°6T-SLE 6T ‘uonezuejod DHT =  odA |, weag

ZHD SLE'6T-0ST 6T "vonezuejod DHT = ¢ odA [, wieag

ZHD 005°6C-SLE 6T ‘uonezireiod DHY = ¢ od4 ], ureag

ZHD SLE'6T-0ST 6T ‘Uonezue[od DHY = [ odA], ureag

ZHD 00S°6T - 0ST6¢ ~"ST1 SNONOIINOD

JOANV'Id ONIIVHS INI'THAAITT OFIN SSIW ® AVAAIVJIS FATLVIISIITI




01 Tenba £ovanooe uv YIIM wWyjrIosie
w3vdoad 1831qJ0 UB 98U [[BYS 838UBII]
AN V "¥oam Jod o0UO0 3889 38 apIM
39848 pejepdn 9q [[BYS UO[}BULIO]
STy, "BBp sprowoyda Lressecdu oyl
urelqo J1oj o[qreucdsar ST @9suedy|
‘AN V ‘Boag uofjoesoxd qoq ayg Suid
T49A0 ‘@]7[[07BS §,098U8d[[ HNAN Ul
¥M07 s9eeadop olez JO o[due UOIIBA
3 UB U0 poseq ‘BeJB 007AI88 §,098USD
ONAN oy3 09 Jolad suojss[uISUBI}
J30 quys ({14 pue 83f{[e788 qod Ul
BMO7] 800139D SAI] JO 8[3ue uOIBA
3 U019¥I8 YlIBO UB 98N [[BYS 99SUBD
HNAN ® ‘puedq ZHW T0P-<ST°00F oWl
091[[87%8 goJ B 10] sBaIB UO[109%01d
} Supyernorso uayM (,.dod,,) osudyeq
quawrytede] JOo SBaIB uopjoejoid,,
} ojul sreudis JpusuBI} J0uU [{BYS
vq ZHIN 0°'T0%-ST°00F 98U Ul WnIjoeds
JIBYS-8W[} (,,098U80[] HNAN,,) 998U00
weqsAs 00[AJes . 93[[[ej¥s-e(iqowt
BU0J9]E093-u0U ‘90[0A-UOU Y (B)

‘pusq
T TOP-QL°00% Y] U] SuIo}8As [
'8 Axeuop)ejsood-uou ‘ad0joA-uouU
8 sWAISAs MN[27198 [vofojoroxjowW
W u9smjaq Supeys owl], 09%'9%§

{2661 ‘€ "AON ‘0626% Hd 291

‘U0TI8IS Y3183 £BMO183 8,008UD
HNAN Yons woJy purwwiod uodn
‘BQ-qNS AUB U0 UMOPINYS sNoSUBIUEIS
1 Jo 8rqeded o [[BYS WoISAS §,998UVI]
JAN Uons uy 893f[{eres [V "eli[[eles
9 £q pejJiIea pu® U0IIEIS YIBO LABM
1838 8,008uU80]] DNAN 8U3 WI0J] POATID
I 8] [8u3ys 90894 OU ‘SINOY SAINOSS
00 gL J97)8 ‘JT SUOISS[WISUBIY BF[[[0F68
€00 pus Jjo uIng A[reoryvwrojne [[vys
18q ZH BEI-LET @U3 Ul VVON UM
nIjoeds Suprsys-eurj] welsss 8,00
ued]l DNAN ® Ul 931[161%e8 YovH (0)
‘9yupxdoxdde usym ‘su013BOOAST 98UDD
[ pu® €eInqjajio} Argeuowr 3urpuro
11 ‘VVON U3is pueq ZHIW 8€1-L6T eU) Ul
mdagoeds JujaIeys-ewy 8asusddil HNAN
uo suojousvs osodw] 03 831BIESY
u (M uossjurwo) oYl ‘(q) ydead
wed SY3 Jo sjuLwWaIiMbal oYl YIIM
yurfduroouou 10 9ouBduiod 831 03 3uy
ie[ed Jo wox) Susiae ‘jaed uy o soyYM
1 ‘901AJOS 93][[07e8-9[]qOW AIBUO[)BI8
‘a8-uou  ‘eojoA-uou €97 jo uopdnr
199Uy U® UJIM UOJI09UUO0D U J8jns JIo
nouj A¥W $10308BIIUOIQUS puB SjULlE
;2981118 ‘seefordwo ‘SIOIII0 ‘8103081
.p 811 pue 71 98y} oSewrep J0 AJHIQeI

97'sT§

Aue Jo {81 89 SOWINSSE 99SUD[] HNAN
V ‘weIsAs YVON 9pimpliom eyj ojug
20UlIOJIOIUT [NJWABY 3Ulsned J0J °IqIs
-ttodsaa jJou 81 41 98YY ‘'VLLN JO 3BY) pus
‘U0J10%BJ8[3BS OTQBUOSEAI 8, UOISSLUWOD
93 01 s0jBvIjFUOUISD 9] ssajun A[a8Ip
-ewrwif suoyyeaado 3Juliejasjul s17 9ysu
-jutIg) 09 9suadll HNAN UOus axmbaa
[T UOISSIWIWO) ey3 ‘easusdi] HNAN
¥ WoJ] eousigjIejul  81qejdedorun
Buareoed 8 VVON 3213 UOISsjuIuIo)
ay) soyyou (,VLLN,,) ®oIensiujwpy
UOIJBUWLIOIU] PUB SUOTYBI[UNUIUION3[I],
[euo1IBN Y3 JI "eaudisep s3] 0 VYON
07 9[UB[IBA® epvwWl oq [[BUS UOI}BUWLIOJ
-ujy 108U0O STWT, ‘A[SNOT3;iPIAXD POA[OS8I
pus pejrodel 8q uBD 8dNES| [BUOIIBISdO
Joyjo pu® 8I95N U088 Y3Ivd YVON
03Ul 90UeIeJIajUl [JUWLIBY JO SWIB[d
9ey] o8 Jequunu Suoyde[e} pue UuoOs
-1ad 90vqu00 Aep Jod anoYy-pz B YSI[qeIss
1eys pueq ZHW 8ET-LET @Yl ui wnajoeds
3upreys ewil 868Ul HNAN V (@)
"VVON 4£q pesn Jo}83edosd
dVHON 943 ueys Jejweld 10 03 Tenba
£ovInoo® UB Yim wyljr03re Jogededoad
[e11qI0 u® esn [[vYs ©09sUsdI] DNAN
v 8188Q A[Y9em ¥ 18V9[ 38 U0 9PIM-WY
-8is pejepdn oq [[¥Us UOI}BWIOIUL STUL
*gyep spIoureyda Aressedou oYy Jujuie)
-qo0 J03 efqisuodsal S| 89susdi[ HNAN
v "eore uopoejoad VVON oql 3Suid
-d8[aea0 *9][[979¥8 8,008UdDI[ HNAN 0UI
gpIemo) 999130p 0I0Z JO O[3u® UOIIBA
-8[¢ UB U0 poseq ‘BoJe 80JAIAT 8,008UAD
-II ONAN 9yl 09 Jopd sSuo[ssjuIsueg
91 99890 [[jM DUB 93[[[03¥8 VVON °U}
SpIBMO] ‘Aressedou A[qBUOSBLX JT 883[
0 ‘seeadep 019z JO o[3u® UO[IBAS[d UOT)
-818 Y1180 UB 98N [{8Y8s 988UdDI] HNAN ®
‘spueq ZHW 8€1-9¢8°L61T pue ZHW SLI'LET
-GZ0'LET oYU Ul 991{{9188 VVON %® .10}
§89I8 UO309701d oyl IU]BINO[BO USUYM
*goJe U0T300704d VVON 943 Suyddeiteao
‘eqyi[e7e8 $,008UADI[ DNAN €Yl spream
-0 §90189p 0J9Z JO S]3uv UOC[}BAS[0 UV
Uuo peseq ‘eete 99[AIeS 8,095U6T[ DNAN
eyq o7 Jolxd sSuoISSWISUBI} 8] 08VAD
M pue o31[[e3es VVON U3 spiem
-07 890139pD SA[] JO o[8u®B Uo[}BAO[O UOT)
-89s YjIee UB asn [[BYsS 03susdil HNAN
©® 'spueq zZHW L8L LET-£GL°LET pu® ZHIW
SE9°LET-G09°LET "ZHI S19°LET-G8%'LET “ZHIN
L9E°LET-EESLET OU3 Ul 931I[e3e8 VVON
¢ J0] £¥aIe uoy10070Jd oyj 3uyrerud
-[80 UBY A ‘SWAleAs @31{[9388 (,, VVON.)
UopBISIUIWpY Olieydsowjy pue Ofu®
-90Q) [BUO[JBN JO . SBOIE UOI09j01d,, oY}
ojup sTeuds jpwsuel) jou [[BYS PpuUeq

UOSSILILIOY) SUOHDIUAWIWOD [Dieped

. ‘pusq

£ouonbesy ZHW 9g1-18T ©

43 up wnagoeds
Aurreys-eunyy (,,908u09y] ONAN,,) 99sU8D
-1l WeysAs  80JAI9s ay119%88-0fIqOWL
AaeuoryBIsosd-uou ‘edloA-uOU Y (®)

-] 9[qeUO0sBII oYBW puw AImn
-09 [1eys s1098I8do mwwa Omwvw %w‘mmwvn °
‘SWIBAS S O Jups

-X9 aY3 YJIm eavys uwod Ecummw M: uwﬁ“
waoam q0reredo SO OSHN reuomIp
P¥ oU3 JT pueq sT3 ug Posuady] aq Aew
sr03818do SYN OSON TBuonIppyYy (p)

. . .v:sp
ZHD S2°62-1'6¢ Oyl uy gyursuer
sexaidwoo uoryme :ﬁqu Nuyg ugowwmw
OM] JO wnwixvw ® J0j $898UIPI00D
oia&.&oom Ayroeds few pueq zZHH 6Z'67
—T1'6¢ @u3 9sn 09 pesusoj| J03viedo SSIN
OSDN Jeyj0 eyJ, ‘pusq ZHYD S2'62-T°62
ou3 ur Jrwsueay jvyg sexe|duiod uorjels

ZHW SEI-LE] aq) uj swmaysis

-j88 Arguopwiscai-uou .aoo_ohww.w
pue suia)sAs ayf[jorus 1eaj3ojox09)m
VVON uoamjaq Bupreys owryy, ggz'gy$

(9661 92 *Bnv "1915% U4 19)

‘PuBq 8143 ur SuyjvIedo suroqess
¢ /0SD "S'1 pezroyIng oyj 13iM owdﬂm
uBo WaysAs aoyg gwyy 9jBIIBUOWRD
01 eA%Y [[IM ‘Julidn uojjels yyaee Aurg

e

19poe} 101 ‘pueq zHY ¢'67-67'6Z ©
03 3ujfidde sweshs wmqmmm Omomﬁh u:uovmz

‘Yqae
943 JO e0vime 8yj uo syowIy vmwoam
9311197¥8-qN8  0ASS200NS  quwgsuU0D

upejurewr snyj puw ‘qiree 9 0 od
83%[q0 oYy 03 enp :o“mmouwmmm«ﬂwvoc MMN
83esuedwod [reys purq ALouenbeu; 1Y)
uf Supjeaedo Se1111e388 SSIN OSHN (0)
"SU0[38]8 008BdS §8J OSH o) 09
8oualeIejul o[qe)desorwun JO saduelsuj
SZiwpuIw 14 38y ‘soxerduiod uopyels
UjJres YUlf 19pee; SN OSDN peuusid
J0 [BuOBILdO JO £1UOIA 0Y3 uj ‘Suo1g
-Dales uolyezireiod/fousnbaay yjim o8
.Lwao ‘e1qresod queqxe wnwixew oyy 09
1iBY8 sWaysse g8d OSH Posue8yy (q)
‘uofyBuUIpI
pasmbes srogowrered ?ou_.wsoww ANNMMW
-O08U 8yj e3uBYOXe [[BYS sJ0fvIedo 801
~AJe8 130q 888001d UO)BUIPIO0D o] 3uj
~IN( "SWsysAE a19Y7 998UIPI00D 03 J18pI0
ur  Any  eqwvasdoon ITeys uor)eo0[e
?SEr.E-oo '8 8ABY 8901AJ0S 1j0q oroyMm
ZHD 9'6% 03 GZ'67 pueq 943 uy suojjels
1189 954 OSH puw suoyuys Yjaee Juyy
10ped} IS OSHN jo sroj3eredQ (W)
. ‘spusg
ZHD 9'62-9%'62 o) htiad L
SSJd OSD pue suopeyg n.“d: uu“w—om
SSI OSDN usomioeq Bupeys goz'gz$

U3Tee Jul[ J18pes} jysie jo wmuw
{0] 8978UIPI00D oEQ.Emowu hﬁo?ﬂdﬁh
wnan ZHD 62°62-1'6% oy3 esn 0y Pasuaof]
uoud.ncao SSW OSHN 93 jo sug (0)
J03deyo 8y jo L¥T'TOT § pue 5026z §
{914 eoueproooe uj ZHD ST6T-1'63
.undn oY) ul ‘SYSIW 001 I8e8xe] oqy up
uorvaedo ojur peowid oq Awwr emsy
pue BHEe[y ‘sequlgy paltun snonspnuoo
oy} uy sexe[duroo uoljugg yiares Nqupp
J3pe0) (L) ueses jo wnwxew vy (q)
‘LPTT0T § 01 Juwnsand 8juworidd= Jo seo
-Suadl SSIW OSHN ® Aq Papraoad seqsu
-IP1000 o1yde1d0e8 jo jo8 ueAld ® Jo wiy
GL JO suipvx ¥ upym pejedo] ‘sevuusy
~uB (§) Jnoj 09 dn Suisvy dnoas uoye)s
Ylree yoee yim ‘sdnoild U013898 yjawo
(g) 994y 03 dn epupouy Lewr , xerduroo
UOCT3BIS YJIwe Nuj| Jepasy,, v ‘goxordurod
UO)8I8 YJI8e U 10P68] wod) SUossUL
-S.S.; 90uds-03-yjaey J05 pueq 2zHp
SC°62-1'62 oU3 esn o9 POsUaOI] eq [reys

8103818d0 (S OSHN) ) €6 CT- -
-3%8  e[iqows mudnoﬁﬂuoomncoz Au.hwﬁo

‘BAW'T PUB SSI OSHN usom:
nmw 92°63-1'6% pusq 2.%25 -Ew_wm
~8do 10} syuswaxinbaz [egoodg 19707 §
[paasasay) 997°92-2392'9% §§

(4661 ‘01 "qe.q ‘1869 1A 29]

19661 ‘82 "3nV ‘1815 WA 19]

‘K0,
18O sures ey9 woJj uo3eI0| B 909198 WM
£3junjzoddo ue U9Al3 uesq sey Jojeie
%o SSI OSHN 19410 8y) [13un Jejdeyo
TUY JO (ZXA)LPT 101§ Uy Papjuepy L1089
-180 yowve up euoz uopjoejoad xsiduron
UOI}83s y1Ies NUui[ Jopes] auo AJ13uepi
Ao [reys Jo0yBIRdO SSIN OSHN 918
-UIs Au® ‘uo09uU0 143 uf ‘sexetdwoo
uoryels yjaee Jujy Jopesy JI0) SU0[}BO0]
9[qeydecos L[reninw A713U8pt 03 89105

(UoHIPT 86~1~01) | 'YD 44D /¥

"("$SS0Z O ‘uojduiysepy ‘108

W 0002 ‘20T wooy .uoonooﬁwnw..cwwm
nBaIng [BUOBUILUI BYY 9% o[q®[IeAR)
(. ¥-NLI,,) a03008g UOBOUNIUIWIO0 PRy
JaR A oYl Jjo STO[IBPUSWIUIODAT
Ure3Iad pue suoryernsey orpey uorun
FUOITBOTUNUWIIO08]9,T, [euorjeusquy
94l jo gz xrpusdde uo paseq ate uop
-BUIPIOOD JO §300dS® [BOTUY DS oYL, (q)

‘8U0 8

=183 YJIm SUO[IBIS Y980 u%.ﬂ.&ﬁﬁwﬂwﬂ
00 JO 98®0 8YY UY g0z'¢Z§ Uf puw ‘suory
~BI8 Yjree ym suopyeys [e119831499

992'52-292'ST §§




