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144 Required Path Loss ---~--~~~._..-~~:c.::.c.+~~--,-=-=+~~--,....:.c:.=t-l
145 Margin at 1 km (clear sky) . __ dB::._. ~~..,.---~-===t_~~~-=+~~~-'--"=t_l
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.------_._- -~~-------I Tl -TST

13 :
- . -------- -- --------

Margin atl
-_.- ._------_._- ~._------

167 1 km (3.7 dB rain attenuation on interference) IdB 9.5 34.3 49.3

168i Required Separation (2~~~~~I~_0~lnle-rferenceup-"io'!..km)l:E.m 0.4 0.0 0.0
169i Path Loss Allocation: _. ~

~~ ---- -- - ------. -- I

170 1 Free Space dB 114.4 91.1 76.2
-~ - -

171 Atmosphere dB 0.0 0.0 0.0-- _. ----------- - - - .

172: Rain ~9B 1.6 0.1 0.0
173:

--_.- -" ~- -- -- -
LMDS 180 degree BackloiJe ---+--

1741 Required Path Loss dB -107.3 -82.6 -67.6
--- - ---..- _.. '-- ._-----

1751 Margin at 1 km (clear sky) dB 14.5 , 39.3 54.3---_._- ~-----'---'---

1761 Required Separation {clears~,_110-,a_dio honz~"l ____ km 0.2 0.0 0.0
In: Margin at 1 km (3.7 dB rair:!. attenuati0!.:l~n'f1terferenceL~ dB 18.2 43.0 58.0
178 1 Required Separation (2_~_l11m/.hLr~~J.ny.'1. Interference up to 4 km) km 0.2 0.0 0.0
179i Path Loss Allocation: - --- . - ------- - --- ._-_._._---~-~---

180i
-

Free Space IdB 106.7 82.5 67.5
181 i

.- - _._--_._-_.~_..~_.

Atmosphere dB 0.0 0.0 0.0
182:

_ ..._- - -~~-._--

Rain dB 0.6 0.0 0.0
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40-conserv. 40-oDtimistic40 -ITU

1 IInterference Calculatio~~-'"f~~U)linksInterf~~ng wj!h-'-=L'-M--=D=-S=----=-R.:..:e:..:c~l----1-1 ----!-----_+__l
1-=2:.-__:---0- ~_ ,~_,' ,~_ _ __ ~~ , -+- -'-: -+i ~__l

3 ILMDS System Parameter.s_ _ _,_ -----------,----.---,------+::c-::c:-,-,--,---,+i'------1.------+--1
4 System Proponent_ ___. _ ,, ,._ _ .__-+T__=I_=D=_:'i"--'-gH--=u:::b_'#_1+i --+f ~___1..__l

5 ;Link Hub to Sub f
-------------,-----+-=-==~::::-,----+----_+__l

6 fModulation__ _ _ _ . L I--I'_Q.=..P..=S_'K_-"I -+ -+-_l

7 Dioital Data Rate__ _ __ .-__L_, --=If---=:52=::-:::M"'bp=:.s-+, _+-----1-_1
8 ,Channel Bandwidth 52 MHz I

\-----':.--=-:.:'------::-''----'---''---- - --- ---,,- - - - ,.------ --~-I------_i_____::-"=-'--=---t-------!'-------f___j

9 IAntenna Pattern Used i Proponent.--- -------- --- ---------'----.----,-:-=:---:-==-------'-::-:'::-':'::::-=-~"-::f-----t----+__I
10 IDate/Revision of System Par<:l~~~~s_ -----,- _~ ;_iW--G-1-/5-2---+-9-/2-0-/-94-R-e-v-5-+------+_----+__l
11iii :1--'-::---::==-=--,-------- ---- -- -- ---- --- --~---.---------'-----------1~-----"-----+_---_+__l

12 !FSS System ! T1 - TST ,---- ------------:----------i-'-'-----'-=-'---'-----+-----+_I
13 ! I

14 IRequired Separation (clear ;;ky,-in.cl.1 00 -km!adi ()~~;:izori-)-_~~=~~ ---:.I_..,..,..._::~___;!~:__--___,r_:_::__~..,....._:_t__l
15 ES angle from boresight _ _ __ __ ~ --l- ~+-4:.;:0:...-...;I:..:.T..::U:.....-.;.:...;4:.;:0...;-c::o:.:.n:;:se,::.rv;:..:.;..-r;4..::0...:-0=Dlti::.;m.:.;:is::ti:;:·C+-_l

16 ILMDS receiver pointing angle _ _ __-1 ;-'-------r-----+----~__l
17: Boresight _;.:im--='::.:Ie::s'--_~-+: ......:.1-=6::.:.06:::t .:O::.:.9o-:8=t-__-----:O:.:...::18~_1
18 I 5 Degree Sidelobe ~-_-~__ ~--=~cm,__=il_=.es=- .+I __=1.=2_=.91__---'0:c..0"--7+_----=0--=.0--=1+-1
19 45 Degree Sidelobe __ f.ilm:.::i:.:le"'-s -+ =0:.:.5__=4+-- 0::.:.'=-0~31__---=0:.:..0::..1+_l

20, 180 Degree Backlobe __ U __d • __ !miles 0.54 0.03 0.01

21 Required Separation (ra-j-;:;-on all paths, incl· 100 km radio hc::0.c:.ri:.::z",-o::.:nf-)-----_+-----+'------+~--_:_.,.....,H
22 ES angle from boresighl _ _ +- +-'-4_=.0_-..;.1r'-U~+...;.40;;.:,...;;co.;;.n..;.s::.:e'-rv...;..+40-0-'-.;;.)"-Plt;;;;im.;...;.;;is.;;.tiC"+_i

23 :LMDS receiver pointinga_119le ~.__ . _~_ -----j-,-,--------j-------:-c-+-----=---cc-+-----,---,:=I--I

24' Boresight __ ___ +m_:.:.::il_=.es'--- +-__..;.46::.:.=2_'11__---=3:.....1-4+_-----:.1...;;.2:c:.7-+--1
25 5 Degree Sidelobe -- . -- - -------- -- ---II.:.:m.::.il=e::.s --+ .:.:4.:.:1'=-0t-__-'0::.:.7-':-6=t--__-"0"'.2:.:0+-l
26 1 45 Degree Sidelobe +m-"--'.ile::.:s'--- +-____=2"-.1__=5+-__---'0:c..40-'-if- O=_:._=.09_=_f___l
27 [ 180 Degree Backlobe miles 2.15 0.40 0.09
28 ; _ - - ~=-r·.:..:.::c=-------+---.::.:.=tl----=~'-----=.::.::..t--l

29 ica'culations L_, -+I -'-:, -1- -+-_l
30iii

-- ----1--------1---::-:-----::-::---+-----=--:-:;:----;;-::---'-_1
31 LMDS Signal Link Carrier Leve!at Cell E.dge i Clear Sky Rain Conditions

32 ,Transmitted Power ldBW/channel -_=1..=2+--'-- +- -1:::2+---1
33 iTransmitter Antenna Gain dBi 12 12

34 iEIRP (clear sky) __ _ dBWi/channel ° °
35 !Power Control (rain)_____ dB ° 12
36 [Distance to Cell Edge km 5 . 5
37 tRain Att~nuation (cell-edgej-------- -:- _-- ~_-~-_ dB --'=-0+---------I-----1:-:5+--I

38 Free Spate Path Loss (cellejge) _ dB --+ -__=13=_:5:c:..8=+- +-__--'-1_=.35::.:.=8~

39 IReceiver Antenna Gain dBI +-- 341 34
40 iCarrier Level a!.fE!I'.Ejge_=- _ -~ ~==-~w/channel +-- -_-_-_-1:.::~_=1__=.8'+li --j -__=10"__4-'-.8_=_f___l

41 :Notes: ___ _ __'-_-l-------+-c--i----,-'i--,---,-,----,---,~--,-----+-I
42 Rain attE!.nuati0r1.frclfTl WG 1/52 (re_v. 5) _ J Antenna gains include poinling loss
43 I Power control is the minlfnum necessary 10 overcome rain fade without exceeding ma TI max power control: 12 dB

:~----------- n --_+--------+------+-----+----~__l

46 :Interference !len_~I~lntoLMDS=-r d -j--C::.I:.::e=a-,:-r"'-S.:.:kyL.:-t- ;-:R=ai"-n__=C::.:o:,:n~d:::it::::io"-nTs__l
47k (Boltzmann's Constant) )r:lBW/KlHz 1 -2=:.2::.:8::.:..:.::6+-, -+ -=2=2_=.8.:::6+_-I
48 Receiver Noise Figure .. _._ IdS i ----,:-::-.::-8+_, -+ ,-::-::.:8+--1

~~~~~~~:Ir ~ao~~::~~perature _ ------- -==f[H-z-----+! 1:.::8:.::~_~+: -+ :.::18"__~=-:~+--l
-- ---------

51 Receiver Noise Floor dBW/channel -118.8 -118.8
--~- ---_.._------

52 Minimum Required C/(N+I) .... dB per channel 13 13
53 Cell Edge C/N _._ _ __ . dB 17.0 14.0
54 Cell Edge C/N linear 50 25--- ,--, - - -- -- - --- - --------::-t-------t-------,,-o+_-I
55 Required C/(N+I) _ __ _ _ linear 20 20
56 Allowed Interference Powe~(w/o_~~corrElction) dBW/channel -117.0 -124.6
57 Allowed Interference Power dBW -117.0 -124.6

-- ----_._----- -----
58 Noles:
59 " i

:~ !Interference Densit:~enerated---- - -- -- -- -----=f.--u.-~_-_-_-_-_-_-_++-_-_-_-_-_-_-_-_-_-t-t-_-_-_-_-_-_-_-_-_-1:1--_-_-_-_-:-_-_-_-_j--j---1_1

62 !Teledesic TST FSS Uplink iriiOI~DS-'3.E!~~\I~~=--~-~-=-:----- +i------_i_------j------If-----f___j

63 ' I, I
64 Earth Station AnQle From Boresio~- - - -------- I
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4Q-ITU 4Q-conserv. 40-optimistic

-150.6 -125.8 -110.8
-28.7 -4.0 11.0
25.8 1.6 0.3

-25.0 -0.3 14.7
5.1 1.0 0.3

135.9 122.0 109.9
0.1 0.0 0.0

14.5 3.8 0.9

-128.2 -103.4 -88.4
-6.3 18.4 33.4
2.1 0.1 0.0

-2.6 22.1 37.1
1.2 0.1 0.0

TI Dig Hub #1
i Hub to Sub
i

I QPSK ,
52 Mbps ;

52 MHz I
Proponent

9/20/94 Rev 5
,

Tl-TST

dB

dB
dB

!WG 1/52

----'-,------+--==-':-':=-=-__t------I-----t-l

- -~=~-------+.=-=:-:-.,-,---,----,,+----+----+-;
5 ILink

9 IAntenna Pattern Used
8 IChannel Bandwidth

1 Iinterference Calculat~~~sfor F§S Uplinks ~e_rf_e_r_in-,-"g,-·.:..:::I.;-:it:.:.:h:...::L=M=D-=S:...::R:...:.e=-c=-r' +- -+ +--I
2

~---------

3 LMDS System Parameter~ _
4 System Proponent

10 DatelRevision of System P~<lf!l_e~§!rs _
11 :

107 Atmosphere

!--"12=-+F:...::S=S=-.=SLy=st.:..:e.:..:m-=--- _
13

-----.

65 Earth Station Output Power(no!ainj _ _ +d=B::cW'-'.C.i/.:.ch:...::a::.:n.:.n.:..:e:...::I--t --,O:-:•.:.85=-t- 0='.~8~5t__--__:_0~.8:..:5t--l

66 Maximum Antenna Gain dBi 36.0 36.0 36.0--- -- -------------+-"...,------+-----,-::--:+------+----=---1--l
67 Sidelobe Discrimination dB 38.3 63.0 78.0-----
68 Antenna Gain toward LMDS Receiver _ ___+d=B=i'-----,--__--t --c:-=-2:.:... 3=-t- -2=7"'..:.0t__-----:-4::.2.:.::0t--l
69 Single Channel BW _ __ _ _ M_H_Z -+ 2::.:6:.;....:..5j--__..:2::.:6:...::.5=+_----=2"'6.:..:.5+---l
70 Number 01 Interfering Channels__ +d:..:B=-:- -t- ---,-O:+- --:-O-=+- ---:~0t---l

71 LMDS Receiver Bandwidth MHz 18 18 18-----+----=-----+------+-----+----,---::+----1
72 Interference Subtotal (clear s~YL . ___ _ -+d::B:..:W-':- -+:-:-:-:-:--:--..:1..:...4+:-:-cc-:-_-:=2.:.6:.::.2+.-----:-:---:-4..:.1::.:;..:::2t---t
73 Rain Rate mmlhr Not Used Not.-Used Not Used-----+--'--'-----+----=-----+---=-:.....:..::..::..c-'--+--=---=---i--l
74 Length of rain cell km Not Used Not Used Not Used
75 Path Length through rain km Not Used Not Used Not Used

t-=76~=R=a::.:in:...:A..:.:"='e::.:.n:.::u:.::a.:..:tio~n-'--:---,----- __ _ _ -+d=B::- +Nc::o..:..t.:.U.:.Sed==:-=:--:+-N::.:;O:.:t.:U:.:Sc::ed-=-:-,,,,-,+N.:..:o:..:t.:..::U:..:s:.:ed=:-::-:t--l
n Power Control (rain) __ __~__ dB 17.1 17.1 17.1
78 Interference Subtotal (rain on_Signal path) dBW 15.7 -9.1 -24.1
79 Notes: .--- -- ---- --- -------------- ----,--'----,--,----:-c--=---:c--J------+------+_-----+--__1
80 Antenna Gain is the maximLJrl1...ele~a.ti~':l_pa:.;.lt.:..:e.:..:rn.:..:;;lg.:.ai_n_in__th.:.e'--d=-i..:re.:..:c:t~i.:.o:.:.n.:0.:.1.:.th.:..:e..:L::.:M.:.D::.:=S.:.r.:.ec.:.E;--- +-- +_----_+___1
81 the earth station is pointing in the direction of the LMDS rec::e:...::iv:...:e:...::r+ -+ __t------I-----t-l
82 I Antenna Gain is ant~n;:;;;aSk-speCified in ITlLApperl.cJ~x 29--t- t-- +_-----_+_-----+---l
83 I Lin Model used lor rain attenuati~n on Interferen.ce fJ.at.h__ _ _ i ....L +---. + -+-1E: 0.02 dB/km of atmospheric attenuation included IOn~:calculatiO~±,~C_li=----_liCzone~s3- _ __

87 LMDS Receiver Antenna Gain ---+-----+-----+--1
-=+----f------+-i

88 I Boresight ------Je!B__' +-- -"3..:..5+- ---11-- -+--1
89, 5 Degree Sidelobe __ 'dBi 12.6
90 45 Degree Sidelobe dBi 5
91 180 Degree Backlobe __ dBi 5
92 INote:

-----
93 1 Negative margin indicates C/(l\l+I) 0.blec:~ve_notme~~~_1.~~_--"s.e~"'pa=-r'-=a:...::ti.:.onc'__:_----+-_----+-----+----__t__t
94 All path loss values indicatep.9~t!y~ I()~~ (negaJive ga'r1Lr.~ga_rd._I_es_s~o-f-s~ig"-n-----Ir_----t__---+------+___l

:~ • -- . ---+------1-----+------+-----1-__1
- -- --+------ ------+-----+------j---l

97 iLMDS Signal: clear sky, Satellite Signal: clear sky __+-1 ---+----:-::--c=:-:-I---:-:,----+-",----:--:--:--t__t

98 IES angle from ,?_or~~ig-ht . -~----l-----.__j-- +--_.:.:...::..:..::_+_-"--'-=--'-'--'_+___1

99 I LMDS Baresight ~ +'-=------l----:-:::-::-::+-------,--:=-=-::-f------:-=-:t--l
100 Required Path Loss __ _ -+-d_B +- ..:...:.+--__..:..:::.::..:.+- +__1

101 , Margin at 1 km (clear sky) -t,--d_B --Ir-- ----::=-=-:-t----=-j-----'-=:-:.::-t-l
102 Required Separation (clear.~_ky,n~r.il.cJie hOrlZCJlll____ km

103 MarQin all km (3.7 dBraln_attlOln_u<lti0':l.0n in:...::t:.::e.ccrf.:.ercce:..:.n:.::c.:.eL) --c--:--:--t=d:.::B-----t_---=-=-"'t----:=.:..:'f-----':...,:.::+_1
104 Required Separation (21.!l1.f!l/.hr.r.a~n e>.r1IO~erf_e.r.~~~.P_lcl_4 k_m--')'__f_k-m-----t_----=--+------'+---..:.:..:=+___1
105 Path Loss Allocation:
106 Free Space

6 IModulation1-'--1"...,--,--....,,---,------- -
7 Digital Data Rate

I-l::.:;08:.::e-t----,..:R:...:a::::i::::n-=--,--_---:::-=-:--,--: -_. __.- ------ ------ _-~-----
109 LMDS 5 degree Side/abe
110 Required PathLoss_ dB
111, Margin at 1 km (clear sky) __ . dB

112 Required Separation (cl.§!a r s~y'-n.e>..r<ld-'-o_h.9ri~<:J..nL _ ___-+k--;:mc:- -t- -::.:-:+- ::-=-'+ =::=+-1
113 Margin at 1 km (3.7 dB.5lin a_t.t.enua.ti~.r1.~n_interfer~n.£~_----,----,---tIc-d-B---__r- -:-::-t-__-=-=.:.-+-__--=---=-+___1
114 i Required Separation (21mll1lhr..':ain_~l1if1.lerf..lO!!.er1.c:eup to ~_k_m--')_'_If-k.:.m_'_ t_---..:.:.:+_----=.:..:+_---.:..:::...::=t-_1
1151 Path Loss Allocation: i
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,
...---...------+-----f------1-----t--I
___I f-'T.:..I~D:>!iigc.:.H..:.::u:::b-:#-:lt- --t -t-_I

Hub to Sub

1 ilnterference Calculations for FSS Uplinks Interfering with LMDS Reel
2 .~.~ ~ .~.... -~.~-.--~.=-_-~ ~---+----+-----+-J

3 iLMDS System Parameters

4'System Proponent ._.
5 Link
6 'Modulation apSK
7 'DiQital Data Rate
8 •Channel Bandwidth
9 ,Antenna Pattern Used

__ ._.~ .. _~__...,~ +__=:5==2.:.:_M::=br.;ps=--t----_+---__IH
_ . ~ +_==5:::2:..:M:.:..H:..:z=--t-----+_----_\__I

i Proponent

123.6 103.0 88.3
0.0 0.0 0.0
4.5 0.4 0.1

-120.6 -95.8 -80.8
1.3 26.0 H.O
0.9 0.1 0.0
5.0 29.7 44.7
0.7 , 0.0 0.0

118.1 95.6 80.8
0.0 0.0 0.0
2.4 0.2 0,0

-120.6 -95.8 -80.8
1.3 26.0 41.0
0.9 0.1 0.0
5.0 29.7 44.7
0.7 0.0 0.0

118.1 95.6 80.8
0.0 0.0 0.0
2.4 0.2 0.0

40-ITU 40-conserv. 4O-optimistic

-175.3 -150.5 -135.5
-53.4 -28.7 . -13.7
258.9 25.6 4.8
-49.7 -25.0 -10.0
74.4 5.1 2.0

159.2 135.9 128.0
1.5 0.1 0.0

14.5 14.5 7.5

-152.9 -128.1 -113.1
-31.0 -6.3 8.7
33.0 2.1 0.4

-27.3 -2.6 12.4
6.6 1.2 0.3

138.2 123.6 111.9
0.1 0.0 0.0

14.5 4.5 1.2

-145.3 -120.5 -105.5
-23.4 1.3 16.3
14.4 0.9 0.2

idB

IWG 1/52 9/20/94 Rev 5

IdB

;dB
- -~ ---.------I------'-'+----"'-'-t-----'=j--1

~ .~..----i-I-=------+---C-::-::c-::1I___---:-::c::-:c+__--~::-:::t_-1
..~~. .-----11'-d_B +_,----"--'-t----"--I-----.--lt--l

dB

i i Tl-TST- ----~-. - ..---+--------+--'---=-'--+------\------+_1

1631 LMDS 45 degree Side/abe
164' Required Path Loss
1651 Margin at 1 km (clear sky)
166! Reauired Separation (cle~-;:Skv~ no radio~horiz;~-------

10 IDate/Revision of System Param~ters ...__ ~ .. ~. _
1-'-1.:..1..;.1 . __..

12 1FSS System

1-'-13~;__---,,-- ~
1161 Free Space
1171 Atmosphere .
118 Rain

..-

119: LMDS 45 degree Side/abo .. . ---+=-----+----:-:~:+_---:c=-=t_--_::_:=-=-H
120t Required Path LOss_ .. _ _~. ~ __.~. dB

121 i Margin at ., km (clear sky)~.~ ._, +d::.:B=-- +- -7:+__'--~-=+---_7*-i

122 i Required Separation (clear !>~Y.'r1_ora<!.'.o hori~_nL_ km

1231 Margin at 1 km (3.7 dB rain attenuation on ~n.:..t:e=.:.:rf.::.e:..:re.:..n:.::c.::.e'_c) -.c-,--,--t=d.::.B-----t-----:::..:.::t-----=7'-::+_---'"="'::+-_I
1241 Required Separation (21 mrn/hr rain on..!f1!e_~rence Up-'-'!..4__k_m~)'__f--k_m +-. +- _t_----_+_i

1251 Path Loss Allocation:
126' Free Space IdB
127 Atmosphere ~.' --i;.::.dB==------t-·--..:..:.:::.:..:.+-----=:..:.=.j----=-::-'3--1

I-l:.::2..;.8~c-:-R:_:'a_:in,--_:_----=--..~ . _ .. '_ .. _.. ...,I.::.d::.B -+ -=+ -==t- .:::..:..:'t-_l

129 i LMDS 180 degree Backl°tJe . _... ----ti-c:-------1 t_----:--+-- ----,-:-::+--i

~ ~~: ~~~~~e:t~a~~~~:arsky). ___~. __ . --1.;.::~.::.:.-----l---.--..:.:::::.:.::+-----=.::.:.:+-----=.:::..:..:=+--'I
132: Required Separation (clear Sky, no radiO horizon). ~m'------+-----=.:.:=+_-----=.:.+----=-+_1

1331 Margin at 1 km (3.7 dB rain attenuatlon()f1 interferen.c~L_. Jdd.!.!3 --I t_----+----.,...-,+--i
134 Required Separation(21 mm/hr rain on inferfElre.n.ce uEto4km) J.".~ -.---+-~----='-'+-----=_=t-----==iH
135' Path Loss Allocation: I
136 Free Space ~ 'idB
137i Atmosphere~ ~----j-dB'-----+-I'-
138 Rain .- ... ··-~B------il-----=-=t----"--+----'-+-i

. - ---.j::.=------+,---..:::..:+------=.:=t-----='-=t--l
139' 11-'-''-=-+ . .....-- - - -. -------1.-
140i i.--..--. . . ... ..---.--~----__1-----+__----+-----+__l

141 iLMDS Signal: rain S.<itellite Signal: rain __i..------+1-----+-----+------+--1

1421ES angle from boresight .. __._ . _---.;_ ...-----'-',r------+-----_j_--'---+-_l
143 LMDS Baresight '
144 Required Path Loss.. ...~ idB ~----------j-----I__----,-----+--i

145 Margin at 1 km (clearsky) ~.=JdEl--·-===.-+_+--·----'--f------1-----t--I
146 Required Separation (clear sky. no radiO honzon) [km
147 Margin at 1 km (3.7 dB rai~·~ttenualion on inte~·fe;ence) --rcm---'-

1------'-"--"-.------.. ..... ... .. ..... ... .------!.,------~f__--_,_-t_---_=__j_---.,...-,+-_l

148 Required ~~~~ation (21 mrn/IH rain on inter1c~ence upto 4_km).Jk"'m. .+_----'--'-+_---...:.::.+----=--'-1--l

149 Path Loss Allocation: ~ ..-.-.J-.-----+------+-----+---_,_-+--l

:~~ :;~eo~;:~~~- _ __.~.__~~.::~~~.--·---II-----..:..::.:.:.:::::t---...:..::-:-:.:+---...:.=:.:-.:.:+-I
152 Rain [c.lB
153 LMDS 5 degree Side/abe ~.~ .~~- --=----+-!-c--.-~-----~--..-------~I--------------.'.-.':-.=_++--------------..'-..'-'-=...,+---------------.'.-.:.=-;.-_i-l
154' Required Path Loss ...._. ..__... _-+d=:B:-- +_--....:.:::=:+----=.:==-'-+---'-~_=+_1
155; Margin at 1 km (clear sky) ... dB
156

'
Required Separation (clear Sky, no radIO horizon) .... --+I-k-m-----f-----'--'-+-----'--"+-----'-+--l

157: Margin at 1 km (3.7 dBr~rt atteni.9.t'_o_n..9.r1. inierterer1£~L __~1~B_·__-._-_·----I----,--I------,+-----:-:+--i
1581 Required Separation (21 mm/hr rain on interference up to 4 km) Ikm
1591 Path Loss Allocation:-··· -...-'- .~...--....~---.-- ---i'-------I-----=:-=-t-----'-=+------=-=t--1

------- ------- --

1-1",6:..:°-+'_",F...:r.'.ee.::...:;S",p.'.a.::c,,-e_..__ ....
1611 Atmosphere
1621 Rain
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1 ,Interference Calculation!)l~,:-FSSUplinks Interfering with LMDS Reel
2 - .. - - ._- .- -
3 LMDS System P/lrameters ,

-- --

4 System Proponent TI DiO Hub #1._- -~ - -- -- ."-~ ---+--
5 Link Hub to Sub-- ---- -- ---- -

6 ,Modulation QPSK
:Diaital Data Rate

---

7 52 Mbps
- - .. . ------ ~--- - - - - .._----

8 Channel Bandwidth I 52 MHz
- -----_. ~ - -~--~ --_0-

9 ,Antenna Paltem Used Proponent
---~- .._------ ---- --- .

10 ;Date/Revision of System Parameters WG 1/52 9120/94 Rev 5
11 '

-_._---- _._~~---

12 iFSS System
.. -- ------~,--_._---. -_.---- ~- - --

-- -
____•_____ - __0._----- ____.,__ T1 - TST

13 . !"--'.__.~----_._- -._-------.-'. - ----

167, Maroin at 1 km (3.7 d_B.!amat~e~ati~f1...0!1_in!erf~en~e) idB I -19.7 5.0 20.0
168 : Required Separation (21 mm!'h.':.rain on int!l~er~n.c:().uPto 4 .'<!!1) rkm i 3.5 0.7 0.1
169 Path Loss Allocation:

- .- .- - -- - . ----+

170 Free Space dB 132.6 118.1 105.0
--~.

171 Atmosphere dB I 0.1 0.0 0.0
-- ---- -

172 Rain ,dB 12.6 2.4 0.5
173' LMDS 180 degree Back/abe

---'.- ------

-- _."--- ---

174i Required Path Loss _ ..•~~----
IdB -145.3 -120.5 -105.5

175: Margin at 1 km (clear sky) IdB -23.4 , 1.3 16.3
176' Required Separation (c1!J.a! sk~o_.~acli<J. hori<!9nL ___ Ikm 14.4 0.9 0.2

~- --
In Margin at 1 km (3.7 dB ra_~altenuati~"- on~nterf~_~f1~L ._--------.J~§ -19.7 5.0 20.0
178 Required Separation (21 mm/hr rail10"-if1terfere."-l:~_LJP'9_4km) !km 3.5 0.7 0.1
179 Path Loss Allocation: I----------- - ----- --~- -

180 Free Space :dB 132.6 118.1 105.0
----- --

181 Atmosphere ,dB 0.1 0.0 0.0
---- ---- --_. -- -

182 Rain :dB 12.6 2.4 0.5
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:

3 ,LMDS System Parameters
4 System Proponent
5 ,Link

_____~- __+i-:...T_=_I=.D:..;;i9c..:S::..:u:.:b:....,:-#1+- t- -l
Sub to Hub

6 IModulation QPSK
7 iDigital Data Rate
8 !Channel Bandwidth

____. --1- 52 Mbps
52 MHz

9 iAntenna Pattern Used
10 j Date/Revision of SystemPClr<lme.!.er:;
11
12 :FSS System

! Proponent

___iYYccG:...c:l/.::.5=.2__-+=9::.;/2::..:0::./9::.4c...:.:R.::.e:...v.::.5t- --t --t

- -. -~---------r-=T--1-.-=T:-::S-=To--+-----+-------I
-~- -------1----'--'-:...::..:........+------+------1

-----+--_._----+----+----+---------1
---------L -+- -+ _+------I

I

40·ITU 40-conserv. 4O-0ptimistic

1.69 0.10 0.02
1.69 0.10 0.02
1.69 0.10 0.02
1.69 0.10 0.02

40 -ITU 4().conserv. 4O-optimistic

13 - .- .... _-_.__._-_._-_. ----~---_._,----_.-
14 Required Separation (clear sky, incl. 100 km radio horizon)
15 ES anole from boresight---- . -. ------- ------ --c

16 !LMDS receiver pointing-angle . L--_--_---jl---:.,;;--:.;..:;-t--'..;;...;:.==;.;..:,..-t-'..;;...;==:=...j

17: Boresioht miles -
18: 5 Degree Sidelobe -+-m.'::i-=-Ie.::.s----t--------:-"=+----------:.:..:.:+----'''--=':-J

19 - 4~ Deoree Sidelobe _ __ _ _ f-m::.:i-:-=Ie-=-s t--__--'-'-=-:+__---::.:.:..:+-__:........:-:-::=:-J
20' 180 Degree Backlobe __ .:.:m"'i1c-e..s ----i!-__--:.;=+-__......:;:..:.::+-__--=::..=.j

21 Required Separation (rain on all paths, jncJ~ 100 k'!1_r.!~i()ch_-=-o.'::ri.::.z_o=_::.:nT-)-------+--:-:---=::-:---+-:-::------i-:-::---:--:-~

22 ES angle from boresight !
23 LMDS receiver pointing angl~__ I
24, Boresight t--m_,i-le-s----., 5_-3_,8-t----O-.9__1-+----0-.2__5-i
25, 5 Degree Sidelobe __---+_m.'::il-=-e::..s --t 5::..:..::.3-=-8j-__-=-0:..:.9...:1+-__-=0-=-.2~5

26! 45 Deoree Sidelobe Imiles 5.38 0.91 0.25
~' 180 Degree Backlobe --f!!1iles -----+-----5=-.--38::+--------0--,9=-1+----0-:.2:-::-15

28 i

29 Calculations . __ 1---------+------:--1------+-----1

~ j'31 ILMDS Signal Link C;;~~ier Level ~tCell Edge -- Clear Sky Rain Condition
32 :Transmitted Power _~=~~- d--B=-Wc..,..,/c--h-a-n-n-el------t-------'-'-12-+-----.:........-"-:.....c:-'.-'1--12
33 iTransmitter Antenna Gain dBi 34 34----j.--= - ---I-----j-----t-----....:.......j
34 EIRP (clear sky) +d=-:B:--W:........i/c::.:.h:..:a::.;n::.:ne::..:I_t- =22:+ +-- -=2=:-!2
35 Power Control (rain) _d.B --t 0j- t-- l--i2
36 jDistance to Cell Edge km 5 5
37!Rain Attenuation (celledge) cdc::-B-----l------:-0+-----+-----_l:-35

38 IFree Space PattlJ:,~.s.(cel1edgej-- dB---~ ·135.8 -135.8
39 'Receiver Antenna Gain d=B'i----·--+·--......:..::..:::.:.1-=-2+-----+---'-'-=-=-1'-':-J2

40 'Carrier Lev!,:la~ t;:ellEdgeJd§W/chan~ -1~O=--1=__.8+----_+----=--1-=-04=--.~8

41 iNotes: : i
42 Rain attenuCl~()[)from WG1/52 (re~. 5) ---I- -----+A:-n-t-e-n-na--g,a--in..ls---in-c---lu-d:-e-po---=j-ntC"CinL'g-1--0-5-5----1

43 Power control~~t..h~ minimum necessary to overcome rain_fCide withoLJt exceeding ma,TI max power control: 12 dB

:~ ilnterference D~inloLMDS - +~------=t-C-I-ea-r-S-k-y-!-----R-'--ai-n-c-o-n-d-it-io--In
47 Ik (Boltzmann's Constant) !9BW/KlHz_+ ---=-2=2.::.8-:.6+-- +-__.2=2::..:8:..:..6~

48 'Receiver Noise Figure __ IdB __--+' .,..8+------+-------"-18

49 IReceiver Noise Temfl~!Cl.tur(l -===:m.==__--+ -=-1.::.8=-30=t- + 1:..:8:.:3":-J0
50 Channel Bandwidth iMHz 52 52
51 IReceiver Noise Floor dBW/channel -118.8 -118.8
52 Minimum Required C/(N+I) __ dB per channel 13 13
53 !Cell Edge C/N _~~dB 17.0 14.0
54 ICell Edge C/N linear 50 25
55 IRequired C/(N+I) __ . linear 20 20
56 Allowed Interference Pow,er.lwlo B~ correcllc>~ dBW/channel -117.0 -124.6
57 Allowed Interference Power dBW -117.0 -124.6

-- -- -- -- ------

58 Notes:
f-=-.=-.........:...:..:...::-'------.--~-

f-5-:-:9:--,.-' ._~_

60 :
61 'Interference Density Generated

62 Teledesic TST FSS Uplink_!.rlt()_!:MDS~~~'':..ers

63
64 Earth Station AnQle Fro';';SoresiQht 40 -ITU 40-conserv. 40-optimistic
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IMHz I 26.5 26.5 26.5

km NotUsed NotUsed NotUsed

MHz 18 18 18
IdB 0 0 °

_____+\d=B=W:....:.i/-=.ch""a=.:n.:c.n..:e:..:'-----i-' ....:O"'.8=5=+- 0=.:..=8-=.5+-__-=.0..:.8c=.j5
IdBi 36.0 36.0 36.0

----~--+-c::-------.,-----=-::--+.------t----=-:--t

____--'Ic=d.=B -+' =38"'.""3+- 6=..;3"'.0'+______..:7..:8.;.;.0=-l
IdBi i -2.31 -27.0 -42.0

ikm Not Used Not Used Not Used
___1dB Not Used Not Used Not Used

__-jI_-=dd~BB~W~~~~~~~~--i+:'~~~~~~~1-7=--.-,-1:~~-=-==1--:7=-.1+:"::':'===1:=7:-:-1.1
15.7 -9.1 -24.1

dBW -1.4 -26.2 -41.2- ------ -- ---+--:-----+-:---:--.,---+,...,----,---:=-'-"-11-----:---1
mmlhr Not Used Not.used Not Used

1 ,Interference Calculati'?n~~rFSSUpli_~ks Inte~rf_e__r_in--,g,,--w_it~h,--L::.M=D~S::...2..:R~e.=.crl -------i1f-----+-----4
2 f- ---~----- ~--+------+-----+-----I

3 ,LMDS System Parameters __ ,
4 System Proponent____ __ \ TI Dig Sub #1

5 ;Unk : I Sub to Hub I'

6 'Modulation - - - -- -- - ---,-------+i'--a=-p=-S-=-:":K--t-------·-+------I

1---'7,.----':D==-'i:=:giita=.:I..:;D':.:a:::ta::...:...:R.=at..:e-:7___ _ __ _ ; '1----,52--::M.."b-':-p_S---+ -+ -I
8 :Channel Bandwidth 52 MHz :-- ----. -- -- ---------~------+----==----=--+----_+----_l
9 jAntenna Pattern Used ._______ __ ___ _' Proponent
10 Date/Revision of System Parameters WG 1/52 9/20/94 Rev 5------ --- .--------- ------t------+------+------t---------\
11 i : !

I---'--+=-=-~----------------- --- --- --- ----- ---------,------+---=-:-:---'------+------1
12 IFSS System______________ _ --' ~----..:T-'1--....:T-=S:..:T-I_' + --/

!---'-'13':-t:::-----::-____,_---_=_ -------- ---
65 IEarth Station Output Power (n()_ra.il"\)
66 Maximum Antenna Gain

-~ - ._----.-....-
67 !Sidelobe Discrimination -- .. -
68 iAntenna Gain toward LMDS Receiver
69 ISingle Channel BW . _
70 Number of Interfering Channels_ _ _ _
71 LMDS Receiver Bandwidth.__._-~-

72 Interference Subtotal (clear skyL_
73 Rain Rate1-'--"-1'--==-'-='-=--------- ------ - ------" ----
74 Lenath of rain cell
75 ,Path Length through rain
76 ,Rain Attenuation

I-::':--T.::=='::",:",:,,::~==:.:..:.-,--,----- --- - -- - -
n IPower Control (rain) ~

78 Interference Subtotal (rain c:'l slSl.l1al Pillh)

1-:c7-=-9..;.I:..:N",:0::te:.::s::...:---=---c---;--,.,--- -. ----- --.. ----- -- ---- --- ...cc-....,.,.~_=_.,____c_:__=_=---------"------t__----+----___i
80 Antenna Gain is thelll,'Ix.i_rnu.!TI_~Jevation patter!:1 gain int~e_d.:..i.:..re.:..c.:..ti..:o__nr-'0_f.:..th.:..e_L=_M.:...::.D.=S_'r..:.e-=.cE;___----+----__+- ~

81 the earth station is pointing in the direct'on of the LMDS receiver+ -+- -+ --+ --1

82 Antenna Gain is anl~\na rr\a~k speCified H") 11''0 f\Ppe;;d;;-2~ --==-~_ ~_~__I. -~----t__- ------+-----1
83! Lin Model used for rain attenuation on interferen~.c.Pat~. . i l -
84 0_02 dB/km of atmosphertc attenuallon Included in new calculations (climatic zones 3-
85 -- - -- --- -----; :'------+-----+-------1

---- -----t----------+-----f-----t----___i
86_--+-1-------+-----+-----+---_1
87 ILMDS Receiver Antenna Gail) __ _-----t----:=c-c--------1f----------::-t-----+------I
88' Boresight __ _ __...J<!Bi --+ 1.:..5+ -+- -1

89: 5 Degree Sidelobe __ _ __J~:.:B:-:-I --.,-~ 1:..::5+_-----+----4
90 45 Degree Sidelobe J(jBI ' 15=+- -+ ---1

91 180 Degree Bll_ckleJ.be __~d~I--_---k------.;.;15=+-------+--------I
92 Note: --------L------!r-------t-----+-------I
93 Negallve margin indicates C/(N+ILobJectlve not me_tilll_~1l1 separation

94 All path loss values indicate p()silive loss (negatiVegainlr~ga_rd__'_eS__S_O~f-s.~ig"-n--- ___!I:'-----t__----+------I

95 •
I-'-~------ -- ---- ----- ------"--~----------_+-----I
,-=.96=-...:._______ _ __ , , __. ---------r-------j

97LMDS Signal: ~J..E!a! sky, Satellite Signal: clear sky L __~ +i_=___:=cc__+_:-::---_+-:-:--_:_:_~
98 •ES angle from bore~!ghl . L . ...1_4__0_-_'_T_U_+-4_0_.c.:..o=n..:.s-=.erv:...:.:...+-4..:.0....:-0,-"p:.:.ti_m.:..is::..:t..:ic-j

99. LMDS Boresight ---------..jl--,-=- -if--_---,~--:+--____,_---,+--_----=-,....,..j
100' Required Path Loss ___+i,d.:...B=--- t-- -1_30:....::.:...6+- -1:...:0.=5.:...8-t- -.=90-=..c=.j8
101; Margin atl krn (clear sky) _ dB I -8.7 16.0 31.0
102; Required Separation (clear sky'-no radio horizo-n) -----+:-1k~m------+-\ -------::-2:=.7+-----0-,.2+-----,0-,.0'

103: Margin at 1 km (3.7 dBrainattfmuation oninterference) ~:.::B=---------,---'_----.=5:.::.0+_------..:1:.::9..:.:.7+-------..:34=..;:.:..7~
104' Required Separation (21._rn.!-Ilt'h.r..~a!l1.<:>rl irlte.':'ere_n,c;~_up..tCJ.j~_m t_1 1...:.5+- .=0::..:.1+- ..:0.;.;.0=-j

105 Path Loss Allocation:___ __ _ _ --------l------t---:-=::c-:-1----:-::-:c-:-f------::-::_=I
106: Free Space ~ 125.1 105.3 90.7
107 1 Atmosphere __- __ -~_~ IdB ------+------,0-.0-+-------.=0.:...0+------'-0"'.---\0

108 i Rain dB 5.4 0.6 0.1-- ---- -- --- -- -.-+=------j----=..:....:.jf-----=.:..:'f-----=.:-:.t
109! LMDS 5 degree Side!()be _ I

110 Required Path Los!,___ _ _ ___-+=1dc::B ! -....:1.=30-=-.:.::6+--__-...:.10:::5:::..=8+-__....:-90:..=.c.8=-J
111 Margin at1_~m (clear sky)_~__ ~--_-.--__ii------8:.....-7+----'-16= ...:0+--_-=3...:.1.:.=.j.O
112' Required Separation (clear sky, no radiO hOrizon) km 2.7 0.2 0.0

113, Margin at 1 km (3.7 dB~r'!i"_~t~nu~~ono~:§e:r~r~n~~_-_-_-_-c-_-:--+d-,B_~ +- -:....5_.0=+- 1.;.;9"'..;.;7+-__-=.34..:...___\7
114 i Required Separation i?1r11rT1~hr....r~n _on _i':l~e.rfer~nc~JeJ...4:..:km:.;.;L) --+k..:..m.:..:..... -+- ....:1..:...5=-+-- ....:0:.:...:..1+- °:::.'4°
115, Path Loss Allocation: i
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19/20/94 Rev 5!WG 1/52

-. ---'------+-=:--:=,--+----+-----1

-_.------'-- ----+------+-----+----~
________. -+T:.:,I-=D::;li9L S:::u::b=-:#.:.:1+-- -1 --l

Sub to Hub

_ -f----,-::Q:::,P-::S::-K'--+- -+ -----l
__.. -+1--=5=2-=-M=b;J:p-"-S--t -+- --l

________________---1,c--:~5=2=M.:::.:H=-z_,_t__----+_----_1
Proponent

8 ;Channel Bandwidth

12 !FSS System

9 Antenna Pattern Used --
10 1Date/Revision of System P_arar:r'~~_!?~s _
11

5 Link
I---'=--=:"-----~-- ----
f-=6=-,-M==od=ul::a::-tio=:n-'--::-- _

7 :Digital Data Rate

1 Jnterference Calculati<:lf!~_~o~~?l!IJHnks~ntE!rf_er_i_n_g,"<_w~i_th_L_M_D_S_R_ec~1----+------+-------1

1-=2---:--::-:-=-=-::,.---, _
3 :LMDS System Parameters
4 System Proponent

t--1=-3 --::=----=- _
116 Free Space cd=-B=-- t__--==~---:=:~----==_=:_t

117' Atmosphere --"d'-"B +_----=-=+-----"'-+----="-l

118: Rain __ --:.cJ!?--------t-----=-+-----=-:c=t-----=-'-I
119 LMDS 45 deqree Side/()be ---------~-~--_t__----_I_----_+_----__l
120, Required Path Loss _ __ _ =--1docB=-- -f- --':=:Of-__-'-':=::+- :::=:-=j

121 : Margin at 1 km (clear s_kyL_____ _ _ +Id'-B _t__------"--_I_----=+---=:~
122 1 Required Separation (clear sky, no radio horizon) ikm
1231 Margin at 1 km (3.7 dB-ra;naUe~uation on interierenC8j-----rdS------+-----::'-':+-·

124 Required Separation (21 mm/hrra;~or1intert.!?r~~eypjO-4 km) lkm-----+ ___'_=t_..:-_--=-'-'-t --':.:=:t
125: Path Loss Allocation: -r- - ---+--c.-----_+_---_,_-t-----,--:+----~

126 Free Space ___ _ +id=:B:- -1I_--:=:-'-.'-t----'~=_=+---=-=-=-:-t

~~;: ~~~nOSPhere -- ---i:-,~~~=========:~=======:=:=======~~:=======~=~
129 LMDS 180 degree BackiIJb!!__ _ 1,-:= -+__--,--::-::--:+__-,-=-=-+ -,-,,-1

130 Required Path Loss __ -+id'-"B=-- --i -=-=+ -=--=-=+ .:..::.:~

131 ! Margin at 1 km (clear s~YL__ __-_ - l=d=-B ---1 --'~\------'-::.:::+_----=~
1321 Required Separation (clear sky, no radiO horizon) ikm

133 i Margin at 1 km (3.? dB-rain_a-it~n_uaii()n on- interfe~ence j-- --:-~J~E3 .---.----_+_-----t------,--+-----'-c-~
1341 Required Separa~i.c>n (21 mm/hr rain on Interference up_to 4 _k~LJl<...m --------+---=="'-1--,..-
135 Path Loss Allocation:----
136' Free Space
137 AtmosphereI_c:-:-+---=:--,----'----- -------
138 Rain

1-
1
'-"3'-"9'-,-:--'---------..

1-'1:'::4=-0"-------- ----.--------1!----~+------+-----1

40 -ITU 40,conserv. 40-optimistic

·155.3 ·130.5 -115.5
-33.4 -8.7 6.3
42.6 2.7 0.5

-29.7 -5.0 10.0
8.7 1.5 0.4

140.6 125.1 114.0
0.2 0.0 0.0

14.5 5.4 1.5

-155.3 -130.5 -115.5
-33.4 -8.7 6.3
42.6 2.7 0.5

-29.7 -5.0 10.0
8.7 1.5 0.4

140.6 125.1 114.0
0.2 0.0 0.0

14.5 5.4 1.5

-155.3 -130.5 -115.5
-33.4 -8.7 6.3
42.6 2.7 0.5

141 !LMDS Signal:raln_Sate.llite SignCll: rain - --_-_-_-__-__. ---+----:-::--:=-:----,1-:-0-----+-:-::----:---:--,--1

142 ES angle from boresight --.---------f-.....:.:---'-'-=----,I-'-"--"-".-'-"-"-''-'-t_''--''.LC:.=='-='--I

143: LMDS Boresight --- _ -_-_-_--_-,.d-S-_===!=I
144: Required Path Loss .. .
145! Margin atl km (cj~ar sky) _ _ dB_

146 Required Separation (clear sky, no radiO horizon)km --+-------+-----t-----'-'-1
147' Margin at 1 km (3.7-dB raIn alter1~ation on Interference) _d=-B= --i! -=~I_-----'~t__--'-----'--=.:..::.j
148' Required Separation (21 rnm/hr rain on interference up to 4 kr:r'2._:..km ' --"--_1_-----_+_-------"'-1

149 Path Loss Allocation: --.-----------"----,-,-=-c:+----:-:::-=-+---,-_,_=.J
150 Free Space ._ IdS
151 I Atmosphere ----t"'id-'-S------+---'-'-'--"-=+--'-'-=-=--+-----'--'-"--=-J

1-'-"-'-+----'::,:::-:-==..:.=------ -
152 Rain _. idB -+: '-'-=+ --=---+ ---'=-l
153, LMDS 5 degree Side/obe. ___ . _ _ --L1 :=- -+1__-----:=-::+__----,-=-=+ ----:=_=_'

154 Required Path Loss _ _ -t'_dB=:-- _I_----_+_---_,_-+--'-'-.....:.:=-j
155: Margin at 1 km (clear sky) IdB
1561 Required Separatior1(clcar sky~;;o~adio hOrizon) - ----+I=-km=------+-----':=-+-----=+----=-:.=:J

1571 Margin at1 km (3.7 dB_raina~te~l!~.!i<:J.,;Or1-int~f~r~~~~- I;.::,d"'B t-__-=-::.:.:.+_----=-=+----'-"'-=-l

158 1 Required Separation (2..1__mm/hr_~~_"_ on Interfer~ceup~ 4...kmL~_m-----I_c----+_----+__-----'-'-_1

159 Path Loss Allocation: __ __ ___ -------i-------jl__----t_----_t__-----l
160 Free Space idBI_c'--t--,---'-_,_----- -. - -.--- -- - ---- ---- ..-- -----+-=-------j------I-'----,---,-+_---'-'-'-'-=-l

1-1c.:6::..:1-+1_-'A'-tC-'m-'-0'-"sLP-'he.::..r"'e______ .. _ IdB

1-1_6,-:2+__----:R."a=-i=-n-:-::---=-:-- -- --- _ _--l9.§-------j-----f-----+_----'-'-=-l
163 LMDS 45 degree Sidelobe . _ _ _ ---~---------I__----t_----_t__-----l
164' Required Path Loss IdS
1651 Margin at 1 km (Clear-sky)---__~_-= ~----:=d=-B-------t---.:.:::::.:.:::.f---.:.::.::::::+---..:..:..=.:=.t

166' Required Separation (ctear sky, no radio horizon)
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1 Interference Calculations for FSS Uplinks Interfering with LMDS Recl
--~._.- -- -- ---------.-.- ------- -_._-------- -----.-------~----_+----___l

2
3 ;LMDS System Parameters

4 'System Proponent ..
5 Link

i. -~ --~--__i-----'-------l-----___j

ITI Dig Sub #1'
Sub to Hub

6 :Modulation apSK
7 'Digital Data Rate
8 Channel Bandwidth

52 Mbps
52 MHz ,

9 'Antenna Pallern Used
10 iDate/Revision of System Param(?ters
11
12 IFSS System
13

_. .____ Proponent :
I WG 1/52 19=-1'2::0-::/:':9-,4-=R=-e-v-5------~------i

. - .... ---.~~~-.-._-'----.:.......----_+----___l

- ~--.------.~~----r------4------_l
. __.__._. -,----T:.1'--0T-'-S=.T'---t-- +- ---l

-5.0 10.0
1.5 0.4

125.1 114.0
0.0 0.0
5.4 1.5

-130.5 -115.5
-8.7 6.3
2.7 0.5

-5.0 10.0
1.5 0.4

125.1 114.0
0.0 0.0
5.4 1.5

FreeSpace,~13..__ .=~~.=~==-------=J..40.~j ---'__I+_---_______l

Atmosphere ..~ .__.__J.- ---=-0:..=2'_!_1---___===t-----=~
Rain 'dB 14.51

LMDS 180 degree Back/abe ~:------T--------=-+------''-'-+-----'-1

Required Path Loss ----=I~-·-t- -155.3

~:~~ii~e~t ~:p:r~li~~\~i:l~ sky. no radiO honzon) n-=·=r~~ =t:-__-_-__.:-_--=~~~~:_'_::-.:.----'-----------=:..-'-.:...~---------------=.:...:-:--:-l~
Margin at 1 km (3.7 dB rain attenuallon on Interference) IdB .._~_. __. '.29.7 .----.----=-=+-------=--'-1
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September 23, 1994

Joint Views and Proposed Rules for LMDS/Non-GSO MSS Feeder Link Sharing
Submitted by Constellation Communications, Inc., Loral QUALCOMM: Partnership,

L.P., Mobile Communications Holdings, Inc., and TRW Inc.

Constellation Communications, Inc. ("Constellation"), Loral "QUALCaMM Partnership, L.P.
("LQP") Mobile Communications Holdings, Inc. ("MCll"), and TRW Inc. ("TRW") are
applicants for licenses to construct and operate Non-geostationary mobile satellite systems.
pursuant to the cut-off date of June 3, 1991, established by Public Notice dated April 1991
(Report No. DS-1068). Constellation, LQP and Melfi. alLapplied to utilize frequencies at or
below 15 GHz for feeder links. TRW applied to utilize spectrum in the 29.5 to 30.0 GHz
band. The FCC, in its Notice of Proposed Rulemaking in CC Docket No. 92-166, stated
that:

... we are preparing to conduct a Negotiated Rulemaking to assist us in
assigning the 27.5-30.0 GHz frequency band. We expect, in the context of
that proceeding, to be ahle to identify sufficient spectrum within that band to
satisfy the Earth-to-space feeder link requirements of all MSS above 1 GHz
applicants that may be licensed in this proceeding. Notice, at para. 77.

As such, the Commission identified Constellation, LQP, MCll, and TRW as interested
parties in the instant proceeding.

Constellation, LQP and MCHI are working with the Commission, other U.S. government
agencies, and within the lTV Radiocommunication Sector to identify appropriate means of
utilizing frequency bands below 15 GHz for their feeder links, and are hopeful that these
efforts will be fruitful. TRW is working with the Commission, other government agencies
and within the lTV Radiocommunication Sector to utilize spectrum in the 29.5 to 30.0 GHz
band.

Nevertheless, Constellation, LQP, MCHI and TRW believe that the instant 28 GHz
NRM must provide for a rule which would address sharing between LMDS systems and
feeder links used by their Non-GSO MSS systems (including licensing provisions), in the
event that use of spectrum in the 27.5-29.5 GHz band for their systems' feeder links is
required. If these systems' feeder links are located in this frequency range, between 300
MHz and 400 MHz per system will be required.

Constellation, LQP, MCHI and TRW propose that a rule be adopted which would provide
important elements which differ from those included in the Non-GSa MSS feeder link
licensing provisions proposed by Motorola and Suite 12 in NRMC- 84 (Rev. 1). These
elements include the opportunity for Non-GSa MSS systems other than Motorola to provide
notice of feeder link locations at a time when these Non-GSa MSS systems will have



reasonable certainty as to whether the use of the 27.5-29.5 GHz band will be required and a
mechanism for coordinating Non-GSa MSS feeder link sites with LMDS operations.

While Constellation, LQP and Mcm are hopeful that the Commission will provide, within
the near future, a positive indication that feeder link spectrum below 15 GHz may be utilized
for their systems. It is also necessary to revise the International Table of Allocations as well
as the U.S. Table of Allocations. These three parties contemplate the following sequence of
events: (1) an affmnative statement of policy with respect to allocation of the feeder link
spectrum currently being sought by these parties in the Commission's Report and arder in
CC Docket No. 92-166; (2) conditional authorizations to use the bands requested; (3) a U.S.
proposal for revisions to the International Table of Allocations including the feeder link
spectrum requirements of these parties; and (4) adoption by the 1995 World
Radiocommunication Conference of the necessary allocations. Based on this timetable,
Constellation, LQP and Mcm will not have certainty'that they will not be required to use
the spectrum in the 27.5-29.5 GHz band until the end of WRC-95, in November, 1995.
TRW, as well, does not at the present time have certainty that it will b~ permitted to use all
of the feeder link spectrum it requires, even though the 29.5-30.0 GHz band is presently
allocated both domestically and internationally for FSS use (including MSS feeder links).

Consequently, Constellation, LQP, MCm, and TRW propose that any rule adopted by the
Commission, governing sharing of spectrum between Non-GSa MSS feeder links and LMDS
systems, and licensing of Non-GSa MSS feeder links, include the following elements:

(1) the rules must address the entire 27.5-29.5 GHz band, in view of the feeder link
spectrum requirements of the Non-GSa MSS systems, in the event the Commission
determines that this band must or may be used for Non-GSa MSS feeder links which cannot
be accommodated in other frequency bands;

(2) the rules must permit all the Non-GSa MSS applicants to identify feeder link locations
in the 27.5-29.5 GHz band prior to LMDS auctions;

(3) the rules must provide a mechanism for the Non-GSa MSS applicants which have
requested spectrum outside the 27.5-29.5 GHz band to identify location of gateway earth
stations in the 27.5-29.5 GHz band in the United States, following WRC-95 (on Of before
March 31, 1996), in the event the U.S. is not successful in obtaining international allocations
which will satisfy the parties' requirements. These stations could be located anywhere
outside of the top 100 MSAs in the continental United States;

(4) the rules must provide a mechanism for coordination of Non-GSa MSS feeder links with
affected LMDS systems.

The coordination contour approach between Non-GSa MSS feeder link operations and
LMDS can be modeled after existing approaches in Part 25, Subsection C, as well as ITU-R
recommendations. These approaches provide methods of calculating a coordination contour
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around a Non-GSa MSS feeder link earth station, outside of which it may be assumed that
unacceptable interference would not be caused to LMDS receivers. (See NRMC-18, NRMC
19, NRMC-20, NRMC-57 and NRMC-54). This method would include the specification of
a maximum permissible interference level at the interfered-with LMDS receiver, the
calculation of the required propagation loss between the Non-GSa MSS feeder link earth
station and LMDS receiver, and the minimum separation distance at which the required loss
would be achieved. This coordination contour method could be adapted to develop a flexible
coordination distance contour methodology to govern coordination between Non-GSa MSS
feeder link earth stations and LMDS systems based on the technical parameters and
propagation models employed in this proceeding or otherwise a matter of record before the
Commission.

Consequently, because of the strong public interest in accommodating Non-GSa MSS
systems, and in order to minimize interference between Non-GSa MSS and LMDS,
Constellation, LQP, MClD and TRW recommend that the Commission adopt the following
rules.

1. Amend proposed rule section 21.1002 by adding new subsection (c) as follows:

21.1002 Frequencies

(c) Special requirements for operations in the 27.5-29.5 GHz Band

(1) Non-geostationary mobile satellite service ("Non-GSa MSS ") systems which filed
applications by the cut-off date of June 3, 1991 established by Public Notice dated April l,
1991 (Report No. DS-1068) may use the [X] GHZ band for earth-to-space transmissions
from feeder link earth station complexes to the extent these stations propose or are required
to use the [Xl GHz band for feeder link operations.

(2) Each Non-GSa MSS operator licensed to operate feeder link earth stations in the [xl
GHz band may concurrently operate up to ten (10) feeder link earth station complexes in the
contiguous United States, plus one each in Alaska, Hawaii and Puerto Rico/Virgin Islands.

(3) LMDS receive stations operating on frequencies in the [Xl GHz band within the
coordination contour of a Non-GSa MSS feeder link earth station complex shall accept any
interference caused to them by such earth stations and shall claim no protection from such
earth stations. However, the Non-GSa MSS earth station licensee shall provide the affected
LMDS licensee with a copy of its channel plan and, except for certain occasional satellite
control operations, the Non-GSa MSS earth station licensee may not utilize an occupied
bandwidth of more than 400 MHz at any single location.
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(4) The locations of the Non-GSa MSS feeder link earth station sites subject to this rule
shall be determined as follows:

(i) At least 45 days pI ior to the commencement of LMDS license auctions, an
applicant defined in (c)(I) which proposes to utilize a portion of the [Xl GHz
band for its feeder link operations... shall specify locations of its feeder link earth
station complexes in accordance with the following requirements: no complex
may be located in the largest 8 metropolitan statistical areas ("MSAs"), ranked by
population; no more than two (2) complexes may "be located in MSAs 9-25, and
one or both of those complexes can alternatively be located in MSAs 26 to 100;
no more than one (1) complex may be located in MSAs 26 to 50, with the
possible addition of one or both of the two complexes from MSAs 9 to 25; no
more than (3) complexes may be located in MSAs 51 to 100, on of which must be
Honolulu, Hawaii (for a complex at Waimea,), with the possible additioTl of any of
the complexes from MSAs 9 to 50; and remaining complexes, with the possible

. addition of any of the complexes from MSAs 9 to 100, must be located at least 75
nautical miles from the borders of the 100 largest MSAs. For purposes of this
paragraph (i), the coordination contours of these earth station complexes shall be
a circle with a radius of 75 nautical miles centered on the geographical
coordinates specified by the Non-GSa MSS feeder link applicant.

(ii) an or before March 31, 1996, a Non-GSa MSS earth station applicant defined in
(c)(1) which proposes to utilize frequencies in the [Xl GHz Band, shall specify
the location of their feeder link earth station complexes and ,their associated
coordination contours. These coordination contours shall lie entirely outside the
100 largest MSAs in the continental United States.

(iii) After March 31, 1996, a Non-GSa MSS earth station applicant defined in (c)(l)
may file applications only for complexp-s located entirely beyond 75 nautical miles
of the 100 largest MSAs. During the coordination of such complexes and their
associated earth stations with the Non-GSa MSS operator, the LMDS applicant or
licensee shall still cooperate fully and make reasonable efforts to resolve technical
problems, but it shall not be obligated to re-engineer its proposal or make changes
to its system.

(5) (i) LMDS providers proposing to operate hub stations on frequencies in the [Xl GHz
band at locations outside of the 100 largest MSAs shall serve copies of their
applications on all Non-GSa MSS applicants, permittees or licensees which are
authorized to operate or which have applied to operate feeder link earth station
complexes in that band, or have been required by the Commission to utilize any
portion of that band for feeder link earth station complexes.
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(ii) Non-GSa MSS feeder link earth station applicants shall serve copies of their
applications on all LMDS providers whose authorized operating areas are included
in whole or in part within the earth station complex coordination contour.

(iii) If an LMDS pennittee or licensee detennines that its proposed LMDS receive
stations have the potential to receive unacceptable interference from a planned
feeder link earth station, it shall notify the earth station applicant of the planned
location and characteristics of its planned LMDS facilities. Upon such
notification, the Non-GSa MSS and LMDS parties shall have 120 days within
which both to attempt to accommodate both the feeder link earth station(s) and
LMDS receive stations and to notify the Commission of the results of those
consultations. The Non-GSa MSS and LMDS parties shall work together in good
faith to resolve technical problems in the. least disruptive manner possible and
either party may request the Commission to assist in the resolution of any
identified interference problems.

(6) For purposes of this section:

(i) A "Non-GSa MSS feeder link earth station complex" is defined as an aggregation
of up to three (3) earth stations, with each earth station having up to four (4)
antennas, that is used for Non-GSa MSS Earth-to-space feeder link transmissions
for Non-GSa MSS systems that use the [Xl GHz band for feeder link operations.

(ii) The tenn "100 largest MSAs" shall not include any MSAs located within Hawaii,
Alaska or Puerto Rico/Virgin Islands. The MSAs referred to in this section are
those defined by the affice of Management and Budget as of June 30, 1993 using
estimated populations as of December 31, 1992.

2. Amend proposed rule section 21.1004 by adding new subsection (b)(5)(x) as follows:

21. 1004 Content and Fonn of Applications

(b)(5)(x). Exhibit X: Demonstration of Compliance with Technical Rules

3. Amend proposed rule section 21.1oo7(c)(i) by substituting the following language:

21.1007(c)(i) The boundaries of the GSA must include at least 25 % of the population of the
BTA.
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4. Add new rule section 21.1018 as follows:

21.1018 LMDS Single Station EIRP Limit. Point-to-point stations in the [x] GHz band for
the IMDS backbone between LMDS hubs shall be limited to a maximum allowable EIRPof
[23 dBWi/MHz]* in anyone megahertz in clear air, and may exceed this limit by
employment of adaptive power control in cases where link propagation attenuation exceeds
the clear air value and only to the extent that the link is impaired.

[Note: The foregoing rule should also be implemented by making the appropriate
modification or deletion to Section 21.107(b).]

5. Add new rule section 21.1019 as follows:

21.1018 LMDS Subscriber Transmissions. LMDS licensees shall not operate transmitters
from subscriber locations in the W GHz band.

6. Add new rule section 21.1020 as follows:

21.1020 Hub Transmitter EIRP Spectral Area Density Limit. LMDS applicants shall
demonstrate that, under clear air operating conditions, the maximum aggregate of LMDS
transmitting hub stations in a Basic Trading Area in the [x] GHz band will not transmit a
co-frequency hub-to-subscriber EIRP spectral area density in any azimuthal direction in
excess of X dBWi/(MHz-km2) when averaged over bandwidth equal to the smallest necessary
bandwidth of any Non-GSa MSS feeder link licensed to operate in this band, where X is
defined in Table 1. Individual hub stations may exceed their clear air ElRPs by employment
of adaptive power control in cases where link propagation attenuation exceeds the clear air
value and only to the extent that the link is impaired.

The ElRP aggregate spectral area density is calculated as follows:

where:
N = number of co-frequency hubs in BTA
A = area of BTA in km2

Pi = spectral power density into antenna of the i-th hub (in W/MHz)
Gi = gain of the i-th hub antenna at zero degree elevation angle
Each Pi and Gi are in the same 1 MHz
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The climate zones in Table 1 ~re defined for different geographic locations within the U. S.,
as shown in Appendix 28 lTD Radio Regulations and Section 25.254 of the Commission's
Rules.

Table 1

Climate Zone EIRP Spectral Density
~dBWill\ffiz-km2)

1 [-23]*

2 [-25]*

3,4,5 [-26]*

Note: LMDS system licensees in two or more BTAs may individually 'or collectively deviate
from the spectral density computed above by averaging the power over any [200 km by 400
km]* area, provided that the aggregate interference to the satellite receiver is no greater than
if the spectral area density were as specified in Table 1. A showing to the Commission
comparing both methods of computati0n is required.

7. Add new rule section 21.1021 as follows:

21.1021 Hub Transmitter EIRP Spectral Area Density Limit at Elevation Angles Above the
Horizon. LMDS applicants shall demonstrate that, under clear air operating conditions, the
maximum aggregate of LMDS transmitting hub stations in a Basic Trading Area in the [X]
GHz band will not transmit a co-frequency hub-to-subscriber EIRP spectral area density in
any azimuthal direction in excess of X dBWi/(MHz-km2) when averaged over bandwidth
equal to the smallest necessary bandwidth of any Non-GSa MSS feeder link licensed to
operate in this band, where X is defined in Table 2. individual hub stations may exceed their
clear air EIRPs by employment of adaptive power control in cases where link propagation·
attenuation exceeds the clear air value and only to the extent that the link is impaired.
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The EIRP aggregate spectral area density is calculated as follows:

lOlOg( ~t EIRP(a,)) dBWi IMHz-km'

where:
N = number of co-frequency hubs in BTA
A = area of BTA in km2

EIRP(aj) = equivalent isotropic radiated spectral power density of the i-th hub (in W/MHz)
at elevation angle a.

Table 2

Elevation Angle (a) Relative EIRP Density (dBWilMHz-km2)

0° < a :::;; 4.0°* EIRP(a) = EIRP(OO) +
20 log«sin nx) (l nx»
where x = (a + 1)/7.5°*

[4.0° < a :::;; 7.7°]* [EIRP(a) = EIRP(OO) - 3.85 a + 7.7]*

[a > 7.7°]* [EIRP(a) = EIRP(OO) - 22]*

where a is the angle in degrees of elevation above the horizon. EIRP(OO) is the hub.EIRP
area density at the horizon used in Section 21.1020. The nominal antenna pattern will be
used for elevation angles between 0° and 8°, and average levels will be used for angles
beyond 8°, where average levels will be calculated by sampling the antenna patterns in each
I° interval between 8° and 90°, dividing by 83.

[Note: See note to 6 above.]

8. Add new rule section 21.1022 as follows:

21.1022 Power Reduction. LMDS hub transmitters shall employ methods to reduce
average power levels received by Non-GSa MSS satellite receivers.
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9. Modify rule Section 21.2 by inserting new definitions in the appropriate alphabetical
order as follows:

Local Multipoint Distribution Service Hub Station. A fixed point-to-multipoint radio
station in a Local Multipoint Distribution Service System that provides two-way
communication with Local Multipoint Distribution Service Subscriber Stations and other
Local Multipoint Distribution Service Subscriber Stations and other Local Multipoint
Distribution Service Hub Stations.

Local Multipoint Distribution Service System. A fixed point-to-multipoint radio
system consisting of Local Multipoint Distribution Service Hub Stations and their associated
Local Multipoint Distribution Service Subscriber Stations.

Local Multipoint Distribution Service Subscriber Station. Anyone of the fixed
microwave radio stations located at users' premises. lying within the coverage area of a
Local Multipoint Distribution Service Hub Station, capable of receiving one-way
communications from or providing two-way communications with the Local Multipoint
Distribution Service Hub Station.

* The numbers in these brackets were based on the analysis performed between the
Iridium and Suite 12 system. Any values adopted should accommodate all the
Non-GSa MSS systems encompassed by this rule.
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NRMC-ll1

RECOMMENDATIONS FOR ASSURANCE OF ACCESS BY EDUCATIONAL
AND PUBLIC TELECOMMUNICATIONS ENTITIES IN THE EVENT THAT

SPECTRUM AUCTIONS ARE USED FOR AWARD OF LMDS LICENSES

If the Federal Communications Commission concludes that auctions should
be used to allocate spectrum among LMDS operators, fixed satellite service
operators and mobile satellite service operators in the 27.5 to 29.5 GHz band,
any auction regulations the Commission promulgates must provide for
educational use of this spectrum by non-profit educational and public
telecommunications entities. There are several methods by which
educational participation in LMDS auction assigned licenses 'could be
encouraged. For example, the Commission could use the following methods:

1) Bidder credit equal to the percentage of spectrum operated by the
educational and public telecommunications entity, and / or

2) Educational and public telecOImnunications spectrum set aside.

Other possible methods, such as a reservation of a sufficient amount of
spectrum for use by educational or public telecommunications entities at
preferential, incremental cost-based rates, could also assure the necessary·
access. Use of such methods would encourage educational and public
telecommunications entities to develop beneficial educational usp of the
LMDS technology.

1) Commercial bidder credit equal to percentage of educational and public
telecommunications entity operations

The Commission could grant a commercial bidder in the LMDS license
auction a credit on its auction bid amount equal to the percentage of
noncommercial spectrum that a non-profit educational or public
telecommunications entity would operate on an LMDS system constructed by
the commercial bidder. This would encourage LMDS applicants to make
cooperative operational arrangements with educational and/ or
telecommunications institutions. For example, if an educational entity had
an agreement with an LMDS commercial applicant for the educational entity
to operate 40% of the spectrum, then the Commission could give that
commercial bidder a 40% credit, which would result in the LMDS commercial
operator having to pay the Commission 60% of the wimling bid amount.

2) Educational and public telecommunications spectrum set aside



The Commission could allocate only ~)ne commercial LMDS license to be
granted by auction for 1000 MHz of the LMDS spectrum in each Rand
McNally Basic Trading Area (BTA) and could set aside 1000 MHz of spectrurn
in each BTA to be operated by an educational or public telecommunications
entity to disseminate educational information and programs. To encourage
rapid implementation of educational LMDS systems, the Commission could
allow the educational and public telecommunicati<;ms entities to develop
excess airtime capacity leasing agreements. These leasing agreements would
allow a portion of the educational spectrum to be leased either to the winner
of the commercial LMDS auction for that BTA or to another company that
would be interested in operation cooperatively on the educational spectrum
in the BTA with an educational or public telecommunication entity.

Conclusion

The Public Interest Parties strongly urge the Commission to adopt one or both
of the alternatives or a similar method to encourage educational participation
in the LMDS if the Commission decides to auction the LMDS spectrum.
Without an incentive plan, such as the above, educational participation in
this innovative service could be blocked either because of the prohibitive
expense of the auction bidding process or because, in some jurisdictions,
educational and public telecommunications entities may be prohibited from
expending public funds on spectrum auctions.

Willi Bokenkamp
University of California
for the Public Interest Parties
of the LMDS Negotiated Rulemaking Committee

Steve Copold
for the University of Texas System
and RioVision of Texas, Inc.
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References: (a) NRMC-69
Dated September 11, 1994

Reference (a), prepared on behalf of the Digital Microwave
Corporation and Harris Corporation-Farinon Division was
considered by the Negotiated Rulemaking Committee at its
September 13, 1994 meeting and referred to Working Group 1 for
further action. The attached is a revision of Reference (a)
based on discussions in Working Group 1. Despite being revised,
the attached did not in the end receive consensus support.
Accordingly, the attached is submitted herewith to be appended to
the Final Report of the Negotiated Rulemaking Committee as a
matter that was considered, garnered some support, but failed to
receive consensus support.


