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PCT/ US96/ 06034 | NTERFERENCE REDUCTI ON | N

SHARED- FREQUENCY 5 : W RELESS COVMUNI CATI ON SYSTEMS
Field of the Invention The present invention relates
generally to interference reduction in wreless conmuni cati on

systens. MrWOF3RéTéul arly, the present invention relates t CTASPIIBHMes f or
10 reducing interference received in one wreless comruni cati on system

from an uplink transmtter of another w reless conmunication system
operating in the sanme frequency range. Backeround of the
I nvention 15 There has been nuch interest recently in providing

br oadband wirel ess ac . ks .V -

terrestri gl conmuni caﬁm &@%g}ﬁ,ﬁ'%l fﬁ&éﬁwv\ave
frequencies. FIG 1 illustr oy s osf“':MSexerrpl ary
comuni cation system 100 referred to herein as a Local Miltipoint’

Di stribution Service . (LMDS) system The terrestrial .

poi nt - t o- nul tEigldiof¢he laventiont em 100 provides wirel ess 20  access to fixed
net wor ks. The LMD . 1 .108-0.. .1 =, 2

M each of which ﬁ"@?‘%ﬁ‘m&;‘%@‘r‘é’r@ﬁ%%?%%”W&ﬁé‘éé-}%“ﬁésdé’&r’%ﬁ‘gr“%“’ee&s 10 herein
as a base commugticatiomsystedise Mioré partitiflarly, therpresentrinveatiby retitesa kezhnigesIbape.
The hubs]& 10-éuc ener&l % i ncl uge - hub_transm ttersfwhi ch establish
poi nt - t o- frul FFPEMGIEEH UL TS ] 945 RIS FpRpRicalips system from gk wi t hin
a given LMDS tedbhitttPSf dnothéwiréledd SothimicaGiétsySmbpetalifly AR SiateSrbqubncg

range.

Background of the Invention

15 ~ There has been much interest recently in providing broadband wireless access to
fixed networks via cell-based terrestrial communication systems operating at millimeter
wave frequencies. FIG. 1 illustrates the basic components of an exemplary
communication system 100 referred to herein as a Local Multipoint Distribution Service
(LMDS) system. The terrestrial point-to-multipoint LMDS system 100 provides wireless

20  access to fixed networks. The LMDS system 100 includes a number of cells 105, i=1, 2
... M, each of which include a corresponding hub 110-i also referred to herein as a base
station. The cells 105-i are nominally circular in shape. The hubs 110-i generally include
hub transmitters which establish point-to-multipoint radio links with subscribers 115
located within a given LMDS cell 105-i. The hubs 110-i are each also connected to a

25  fixed network 120, which may be a computer network, a cable television network or a
public telephone network. Point-to-point interconnections or other transmission links °
could be used in place of fixed network 120 to interconnect cell hubs 110-i. LMDS
systems in the U.S. are expected to operate at, for example, frequencies in the 27.5-28.35
and 29.1-29.25 GHz bands.

30 LMDS system 100 will typically reuse the same channel frequencies in adjacent
system cells. This frequency reuse may be implemented using polarization reuse
techniques in the hub transmitter in conjunction with either omnidirectional or directional
hub antennas. Hi ghly directional subscriber antennas may also be used to minimize

interference from adjacent cells. When omnidirectional hub antennas are used, the system
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25 fixed network 120, which may be a conmputer network, a cable television

network or a public tel ephone network. Point-to-point

i nt erconnections or other transm ssion |inks coul d be used in place
of fixed network 120 to interconnect cell hubs 110-i. LMDS systens in
the U S. are expected to operate at, for exanple, frequencies in the
27.5-28. 35 w0 972678ind 29. 1- 29. 25 GHz bands. 30 ' LROBUSIsOE@ 100
will typically reuse the sanme channel frequencies in adjacent system

cells. This_fr ' . ' rization reuse
t echni ques f?\ulfﬁégﬁg%u{e?g%g’rﬁﬁ%*gg 8%‘%' qgﬂg%%ﬁ% | oﬁgéﬁn ﬁmé*{?ﬁeeléa"smmedrm
omi di r ect i adjadenndellsli Wiheh digettibnal hub anténtias aretused) asch asliigin pradigémeitiional

subscriber antennas nay al so be used to nminimze interference from
adj acent cePhich feus@R” disertianal aptepas srch RIBVIdH FURBRIcalion cqucrage Qveea 89t em

WO 97/ 26717 secror of a given cell, the system could be configured such that different orth 11i
PCT/ US96/ 060e§4 & coul'd t%' configured sgl}lch t hat ortﬁoao%aIOg??anég?ar

pol ari z& i opslatizatinns 4t ntilized forradjrcent @dteipa sectors. adj acent cel |'s. Wen

Four 90t rect i oy i eI whRRTeqs AR s Bl B Eb PR e DS o, "o S0

sector of afrequensy readelcelld ib requenteimetleaving. DEreqenly ipterlesvigdic dedchiBéd @i f f er ent
ort hogonal linear 5 olarizationg are utilized for adjacent antenna
sectors.  greater detail in E. N, Bambart elaly, firaguengy Reyse pp thg CsBulap kMRSt ence | evel s

bet ween adj g@shksibddthe FCC for ih@E4ENMEhE ENASS ﬁﬁ%ﬁgﬁ“&% REE&H}B%L@:X: No. 92-

i nterleaving. Frequency interleaving iI's descri reater detail
in E. NO BaR9hdamvary 6, 4994, whichasjiweerpyraed bygeferenceercinl AnleaemplMdSrequency
Subm ssion t h f.or .incl usi .in.the .L I 1A rd, cket
No. 03 10 skaing Ecifly AR BHS Ak S MR STR A FEIRYY s
herei n. An Bafoftheadjadenetumielspacing. For examplecintiangmissiohof FMevideoweithy es

of fsetting the carrier_frequencies . in different cellsg_ by hal f
of the ad] aEipels a6 0@3@%# spa?bl%gswpﬁx mreﬁ'e%‘feaﬁf;ﬁﬁy'gi& Bz, 17 by e

Wi th _ eNERA& s i’&%y%@cd}ﬁi%oﬂ : .StMHz_%f v hiiRRle€ 20 MAGAIBARY the Ab&Vel eave
offset is 10 MHz. | ach FM vi deo signal actually occupies only 18

MHz of ¥5ts eiteddRaamhart epal. mfprenngrindicatescthatithe amount of interference protection
obtained from this exemplary frequency interleaving technique is on the order of 10 dB.

_This interleaving technique is best suited to modula'tionl formats such as analog FM which
concentrate signal energy near the center of the channel. These analog formats are likely
1o be utilized in LMDS systems designed for broadcast video distribution, although digital
20  modulation formats may aiso be utilized in broadcast video distribution, data distribution
as well as other services.
Link budgéts for LMDS systems geherally assume an unblocked path between the
" hub 110-i and the subscribers 115. In mény locations, this may not always be the case due
to blockage from buildings, trees or other obstructions. Low power active repeaters can
25  beused to fill in areas of the cell where there is insufficient signal strength due to
excessive blockage along the direct path in the direction of the nearest hub transmitter. A
typical repeater would be located inside the boundaries of a cell at a location where the
signal can be received from the base station, and would amplify and redirect the signal.
The repeater antenna could be cross-polarized to the nearest LMDS hub antenna in order

30  toreduce interference to subscribers not utilizing the repeates.

2
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15 cited Barnhart et al. reference indicates that the anmount of

I nterference protection obtained fromthis exenplary frequency
interleaving technique is on the order of 10 dB. This interl eaving
technique is best suited to nodul ation formats such as anal og FM whi ch
concentrate signal energy near the center of the channel. These anal og
formats are Mkesk26717 to be utilized in LMDS systens desi 5%’3“5“!9?34
broadcast video distribution, although digital 20 nodul ati on formats may
also be utilized i toh kil

as well as other g‘l’Vl ces. s@?ém"lbﬂ‘?&y%%&éd‘ﬁt)#tdvgﬁav lga%‘@?%reél_t%s S sg?légr;g
general |y assfibm oaa-wuybtmkmhumabdnammnpmymﬁmy-m:eracmmmbmduanme

subscribers 1 15, In na | oc t.hi.s not he cas

to bl ockage f Pylimsadia app éé‘mst “6?’“6'%@?" qsﬁﬁ‘t 'CCEE %f@fl ve
repeat ers canyide, teldpfondS 8atkhaul fbrlpersbiial 3b@manieatidn Serdiets (P@Byzm ISDN eis

I nsuf ficient signal strength due to excessi ve bl ockage al ong the

direct patsh i multimedis seededssnuldbe aerommodated P?ﬁlfﬁt‘?"te&ﬁﬁlr‘ﬂ"i’"tcé? suchas reiote

typi cal repea t .

| ocati on wher éﬁ%\#ﬁ@ﬂ&e‘;y qgte}a&?\%leﬁ%gn géIEI ved %ﬁ?ﬁg%aggscﬁ‘g{tﬁ%n and
woul d anpl i fy ciandelsathnsaetion pxbeessmgmd electromc dafilintercbngaicenld also bana coul d be

cross-polarized to th res b ante in order 3
i nterference 18Pl E‘EPB%‘E"E ‘g‘gﬁ ﬂPP Gatigns i ‘féﬂ’é%ﬂ?r emeigency bt a5 ©

2 NQOR 7&%@7§y7d1stancc education and corporate training, and high capacity switched
PCT/ US96/ 06034 The LMDS system 100 nay be used to provide

wi rel ess Htcedatafer imags/fransfery andgemefe consultation ps medica\users,  IneFCHYSYSES but i on
and t el ephony, bt g 1RiEraLERAARR W mes, and reSidbddal e 2
appl i cati ons. %ﬂ.}d‘éﬁkc{e){ Ohg%'ﬁ edf‘%‘}éﬁf"u%@gt gonsr such as v0|escent rg | eph gn

per sonal business data from sub-T to multiple T1 rates. Implementation of digital modulation

formats allows the LMDS system provider to take advantage of improvements in digital
compression technology and expand to HDTV as these technologies become available.
15 Presently proposed LMDS system architectures generally differ in terms of cell
size, modulation format and hub antenna type. Other system design parameters include
antenna patterns, antenna heights, antenna pointing, cell spacing, frequency reuse plan,
polarization reuse plan and link budget. The particular conﬁguration of parameters
selected for a given LMDS system will generally depend upon which of the previously-
20  mentioned communication applications the system is intended to support, and the
underlying architecture philosophy of the equipment and service providers. An cxemplary
consumer-oriented LMDS system proposed by CellularVision (CV) provides analog FM
video distribution with a 4.8 km cell radius, and utilizes polarization reuse, directional
subscriber antennas and frequextcy interleaving to reduce interference between cells. The
25 CV system also utilizes return links (subscriber-to-hub) operating at a lower data rate in
the guard bands of the downlink broadcast video channels. A two-way multiple access
LMDS system described by Texas Instruments (TI) to the FCC Negotiated Rutemaking
Committee (NRMC) on the LMDS/FSS 28 GHz band, July-September 1994, utilizes 52
Mbps QPSK and four directional sector antennas at each hub to provide omnidirectional

30  cell coverage with a nominal cell radius of S km. Dedicated spectrum is used for return
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vi deo tel ephony, backhaul for per sonal communi cations services (PCS) and
| SDN 5 mul timedi a services could be acconmopdat ed. Packet-oriented

services such as renote dat abase query, interactive entertainnment,
personal i zed information services on virtual channel s, transaction
processing and el ectronic data interchange could al so be I npl ement ed.

Addi ti onal <vd9%2&apl i cations include primary or energency lrathispsstaisa
transport, two-way di stance education and corporate training, and high
capacity svmtched 10 data for_inmage transfers and renpte copnsultation for

medi cal ~ userl&ks,3nddn asymmetrical waffic applications; ysars afs mulplskedyB Acqordanerwith a
shoppi ng, i rﬁ:ﬁé@@ﬁ)m\s%ﬁah@e QctﬂmMRPQcﬂrﬂ@Jed il @k cwim TI LMD§ dfelté?ﬁssa?e data

fromsub-T1l to nul ti 1 rates. Inplenentation of digital no ati1on

formats al | clesignefor mas%méhn hoyenated 2?6-23935@@(3\94@%23%582% ovenents

in digital 1R

t echnol ogi esreouencﬁecﬁg{i/s:?ﬁab ew@%ggxaé%g’@g@&ﬁr# "‘3" r?r@t d\{"gé’atlﬂf@i)s system
ar chi t ec ur eRepofrrufitied LMDS/FSSBZS GHz BandBRMIC cS¥ptember 23, 1994;eumdmdul ation
format and hub antenna t Q her syst m desj gn paraneters include

ant enna pat t‘é‘?‘ﬂ'@"’a'&ﬂtb@ H"é? herrin Thed&GHz band aruserhereia pafers gencrally to
frequency r dswmchnemdamzxeymedﬁtﬁ@maw{bﬁr@m'miwﬁ% grhe
particul ar con uratlon of paraneters ected for a given R}b

system wi | | xgéwenraendydd@pehide freanencips mfrqqnencm@aths labout 20.5 andré&ﬂu oned
comuni cat i qiy e rt
under I'yi ng ar c%ﬁ?é@%ﬁ?’%% I%gegpﬁg&g@%mbﬁﬁ%n%’rﬁ dg;%rdvzlgcl?%% ovi ders.

An exenpbar yGHz. It shmﬂdbclmnbd that EMDSCeyktvfiS ntay silse be ponfigusalito loperaielih ul ar Vi si on

(CV) provides anal og F vi.deo distribution with a 4.8 kmcell radius,
and utilizes'epEVALC g&f%ﬁﬂ?‘?@h@”é’“dl rectional subscri ber antennas and

frequency interl eQyighichfl pFdibAe Whichhed rRELNHCRnARYERTL AR labsve-deb@ivga  CV
systemal so utilizes return links (subscriber-to-hub) operating at a | ower

data rate i -MDS systems isghefagt hatracrpmber efspaceohnned 41 tesrestitab epspmynigation
e & DB S50 i U ATE GRS CHlR R
t he LMD$S FSDan8. Ebizexamplt, paktibns- cﬁﬂps baridchave Be24 requesiéd hemolSR satellite sellis QPSK
S0 10U O S Sl g B ETBh k BE L S TR o0 e
I S used for sagllité Bervice (FSS) providers for fixed-location subscriber uplink transmitters. - 3
Microwave equipment manufacturers have also requested allocation of portions of the
band for point-to-point microwave service. The above-noted LMDS/FSS 28 GHz band
20 NRMC was formed to study these and 6the_r interference issues and to make
recommendations to the FCC for i\llocating and/or sharing the 28 GHz band between
LMDS and satellite services. The NRMC investigated a number of interference scenarios
covering interference from FSS earth station and MSS feeder link uplinks into LMDS
subscriber receivers and interference from LMDS hub transmissions into FSS and MSS
25  satellite receivers. Satellites in both geosynchronous orbit (GSQO) and non-
geosynchronous orbit (NGSO) were considered. The scenario which showed the greatest
potential for harmful inter-system interference was FSS earth stations interfering with
LMDS subscriber receivers. LMDS and FSS system proponents envision widespread
distribution of LMDS subscribers and FSS earth stations, respectively, throughout the

30  same geographic areas. The description of proposed FSS systems submitted to the
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WO 97/ 26717 links, and in asymmetrical traffic applications, users
are multiplexed in accordance with a ti me-domain nultiple access
(TDMA) technique. Both the CV and TI LMDS systens are desi gned for
operation in the above-noted 27.5-28.35 and 29. 1-29.25 GHz LMDS

frequency bands. The CV and Tl systens are described in greater

the Final 5 WORBBSMT of the LMDS/ FSS 28 GHz Band NRMC, Sept 8%’@%&‘&@"1"‘1994

which is i ncorporated by reference herein. The 28 GHz band as used
herei n refers a@ne/ds! 28 ¢Az band NRMCEHERASY thard €fg W FES BpliflCirdasifit@F cai Guse
situated in proximty to 28 GHz. The 28 GHz band I's thus intended to

i ncl ude fr equesanfingrieronse tnmulipleAMBS preeite®n about 27.5 and 30.0 -

GHz, such as the a Riafinke frQh/

29.1-29.25 10 tﬁ&e}%mﬁgﬁfﬁﬁge not e#‘@%%@y@%eeﬁ%h%négég I?,;}g{ﬁbe
configured to teapemnter140aml LMDS subsatibe] lyubahdmpcener feceiqerehng/gibamﬁl The

A signific nt obl em wh has.ari-sen. in nne

above- desc?i "a"s““qfﬁ/h)@]g%f“étﬁﬁn}’ "’tkl‘fég t&anﬁiﬁgtrecgwr%ﬂ% Wﬁﬁl?msthﬁce based

and terrest r I aéxaﬁﬁmwmesai safllite receivers Yht VEDSAiitE 1 10- 0 Barssattsand re@ﬁ@ésadigtﬁlk
within the same portions of the 28 G4 freguency 15 band. For exa

portions of tHyanBeddMRsubsseber Ilagnday maedogbonmay gtiliza an LYIDS repeater &
d
(MBS) provi er&nfn‘ﬁfmé W o&&%ﬁs&%ﬁ%@%&&?&ﬁﬁ@éggum e%@&)’édee

and by fixed Ite service r fi1xed-1ocation
subscri ber upl FSSmplmhamiﬂ.MDSr signal paths ard/shovones selidlinesp ifbr dashed lirfes otdivaer s

h I d. al.l i or f
ool nt 1 o 3B niorapuebirapBTEMe . Fiah b8 5a ton B 2 b BBy upt
NRMC was f or mesigriaDrepiesietits idiﬁﬁ:ﬁfeﬂﬁgdsngﬁdmthe LMDS ibseriter 1 B3 e MDS Hub 108Ke

reconmendations to the FCC for al l ocating and/ or shari ng%‘{ he 28 GHz band
bet ween anftis laMEPSsrspeataril 6@ Ty iptegistencerRowaugRReratad Adiregihy BOPAriRnRiR

Of interf er enGge #SERH {ition antennd QAU 6vel B BE HREHOR 8 e UMDSHBATHER 115,
station and MsS feeder |i1nk uplinks into LMDS subscri ber receivers
and i nt er f er enéeirfglorss w@Emitten can thussiingansously inteferogtnmany\digerzat LMDS
satellite,cece llite “gfﬁ e r r ) and non-
geosynchro%ousg éﬁ”ﬁﬁ&@ vveréléa%ons|§(}é®e§§¥éh%§e§%g%g?r?oﬂvﬁﬁrc% Showed t he
gr eat est magnified when the FSS uplink experiences rain attenuation since proposed system

designs implement power control to adaptively increase the transmitted power under
heavy rain conditions. Similar interference problems arise between other types of
terrestrial and space-based systems.

20 Prior art techniques for resolving tﬁese and other interference problems include
full allocation of a given frequency band to either FSS or LMDS systems or band
segmentation in which both FSS and LMDS systems would receive less bandwidth than
desired. For example, a band segmentation approach has been proposed for resolving the
potential interference between FSS uplinks and LMDS subscriber receivers in the above-

25  noted 28 GHz frequency band. However, these known techniques unduly restrict the use
of a given frequency band and thereby prevent optimal delivery of the above-noted
communication services to subscribers.

As is apparent from the above, a need exists for improved interference reduction
which allows simultaneous operation of shared-frequency terrestrial and space-based

30 communication systems.
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potential for harnful inter-systeminterference was FSS earth stations
interfering with - LMDS subscriber receivers. LMDS and FSS system
proponents envi sion w despread di stribution of LMDS subscribers and.
FSS earth stations, respectively. throughout the 30 sane geographic
areas. The description of proposed FSS systens submitted to the

4 WO 972600 97/ 26717 PCT/US96/06034

PCT/ US96/ 06034 LMDS/ FSS 28 GHz band NRMC i ndicates that a single FSS
~uplink transmtter can cause harnful interference to nmultiple LMDS

receivers. FIG 2 illustrates potential interference between

an FSS eart Susimdivel thilnveltion ~transmtter 140 and LMDS subscri ber, hub

and repeater receivers in a given cell. The 5 FSS_ transm tter 140

transmits an upl TRkPEFEhEVeRtpnprovides aaetiod and appasatiph for reduping perference
exanpl e i's @efgath ahstinkifsrhifReCdr st c?;ﬂﬁ:dnmfmf%% i%rEdeivef af?ﬁb%rﬁi and

i
receives signals from.the LNMDS subscriber 115 and as noted above may
utilize Jan kivDSunisptéontsysterboThe first system mayrbamspaca-based systent sweh asthbFixed ber s i n
a corresponding.repea ub-cell. .The desijed . ESS.uplink and LMDS
i gnal © par nS Bt SHERE eSS Bsidht and qd 8EoRd §ls s ¢ elresiil Ry i &
undesi r abl e Liocdl ¢MildpoimistribmidnsServite (MDPEsystemn The figst bhdsecand dyademk B FSS
transmtter upli ?% si gnal r_egrgse,nts an interfering signal to the
LMDS subscr Fefiguiedio shargay Iggska peftion epa given frequengybandsuchfse parpemeidhe 160,

The i nt er f eBRGCEIRQINRE 28 GIB Rl IfHettSwalle TREhdny BiraP Babh SRk tafsmitter of th?® FSS
earth station antenna sidelobe-level in the direction of the LI\/E)S

subscri Her firg system located withiglacpariglar eelhefithe seeondesystemlisiassigherd t aneousl y
interfere W'p}e em%ec%rur% Rltor Ip%Pe%ed transmission frequencies. Different frequency lists

are generally assigned to uplinks of the first system located in different cells of the second

system, while uplinks located within same cell may be assigned the same frequency list. A
given potentially-interfering uplink transmitter selects an uplink transmission frequency

15 from the appropriate ordered frequency list if (1) the uplink is unable to operate outside
the frequency band shared with the second system where it may cause interference and (2)
there are no available gaps ih the second system spectrum which can accommedate the
uplink transmission without causing interference. The ordered list may be selected by an
LMDS service provider such that the impact of interference from FSS uplinks is

20  considerably reduced. The invention thus allows simultaneous access to an entire shared
frequency band for both LMDS and FSS systems. For example, an FSS provider
implementing the invention is not prevented from using any particular uplink frequency in
the shared frequency band, while the potential interference to an LMDS provider
operating in the same band is directed first towards a single predetermined channel. The

25  invention may be similarly utilized to reduce interference between many other types of
terrestrial or space-based communication systems.

In accordance with one aspect of the invention, a method is provided which

includes the step of assigning at least one preferred uplink transmission frequency to each
of a plurality of uplinks of the first communication system which are located in cells of the

30 second communication system. The preferred uplink transmission frequencies are
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15 subscriber receivers, as well as LMDS hub and repeater receivers. The
problemis magni fi ed when the FSS uplink experiences rain attenuation
si,nce proposed system desi gns i npl ement power control to adaptively

i ncrease the transmtted power under heavy rain conditions. Simlar

I nterference_probl ens ari se between other types of terr ' nd
space- based 45417 20 Pri or ar?ptechniques forl?ﬁg%%@ﬁ%ﬁﬁthese
and other interference problens include full allocation of a given

frequency bangkssigie@®kich@hiat b Rivef bpliddIScaedih @S of the cdlis Bfithe second SB@ERL at i on in
whi ch both FSS and LNDS systens woul d receive | ess bandw dth than

desired. For assignpd adiffereph prefesred fisauency than appplinkderaleddn prather selbefdhed for
resol ving theg.,ndsysR@i.ential interference between FSS uplinks and LMDS
subscri ber recervers i n the above- 25 noted 28 GHz frequency band.
However, these knolmactemdanveqithsanothdriaspect of the inventidne anjapparatus is providad gi ven

' ' . | . b B d -
20Uy 20 8 e S b St 19D 08 BT ERB

the above, a pgein @d Glefativoto selepr @Mplink Fhafigiondfquéned furtthePansmitter. T Ch
al l ows simul taneqQus operation of shared-frequency, terrestrial and
space- based 38plinkdmapensy dnselestsd §5¢§t angrdered frequency list which includes a number of

g CT/ US96/ 0603£refép@.d%§ﬁi2§3n frequencies assigned to the transmitter. The preferred frequencies
for a given transmitter are assigned based on the particuiar cell of the second
10  communication system in which the transmitter is located. The apparatus further includes
a memory coupled to the processor and operative to store the preferred u'plink
transmission frequencies. ' _
- The present invention provides a"spectmm-sharing protocol which accommodates
simultaneous use of a shared frequency band by space-based and terrestrial
15  communication systems. -In a preferred embodiment, neither system is denied access to
any portion of the shared frequency band. The interference is reduced by the process of
an FSS provider first directing uplink transmissions to gaps in the terrestrial downlink
spectrum and then selecting uplink transmission frequenciés in accordance with
predetermined preferences which differ from cell to cell in the terrestrial system. This
20  allows the potential interfering signals to be spread out in actual RF transmission |
frequency, but also to be directed towards the same channel or channels (information
content) of a given cell of the second system. The spectrum protocol of the present
invention does not place an onerous burden on either FSS or LMDS system providers.
For example, the protocol may be implemented with simple modifications to existing
25  channel access and dynamic reassignment procedures fm; FSS uplinks. The protocol
preserves the possibility of global allocation of portions of the 28 GHz band for FSS
uplinks while allowing substantially complete deployment of LMDS systems in the same
geographic regions. Benefits are thereby provided to both FSS and LMDS system
providers by achieving co-frequency sharing of the 28 GHz frequency band. Similar

30  advantages are provided in other shared-frequency communication sysiems.
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Summary of the Invention The present invention provides a

nmet hod and apparatus for reducing interference bet ween an uplink
transmtter of a first communi cation systemand a receiver of a second 5
communi‘cation system The first system nay be a space-based system such as
t he Fi xed . Satellite Service (FSS) system and the second system nay be
a terrestrivadbomssizem such as a . Local Miltipoint D stpChussemsosder vice
(LMDS) system The fi rst and second systens are configured to share

Above descr | bed SSemDd A ERUES A AVGHRPR R Ay AR e

transm tter nfke 5;Jpammfromfmera%&mﬁmym@ drdgiageshdihé followingliRt-iled Bésefipical. | Of
t he second systemis assigned a predeterm ned ordered list of

preferred transm ssion frequencies. Different frequency lists are
general |y agsifBetritiondritdDrdtfinkd® first systemlocated in different
cells of thmto‘néﬁ'—sy'&'eﬂrkvmue uplinks located within sane cell
may be d@ssigned Fle ISHustrafes égtbasic poinperentsAf an exempjarydiocal Multipoint

potential |y nterfer transmtter selects an uplink transm ssion
f requency 1 Bistriyrion, FF(%"EBM@%N%?‘B ordered frequency list if (1) the
uplink is unabl eFt® 2GNesAtes af dkenhply interferefda@cdnafie UEWRIh mﬁﬂuﬁhﬁhﬁﬂm@lf th
t he second S}/stem where it cause interference and there are
no avai | abl ef yfigd ﬁawntthéef!i'é%@%@) systame ipterferastwithrecaptiom ocadrvwerdiok signdat e t he
uplink tran %ﬁ% The ordered |Iist may be
sel ected byﬁ‘g?n%:dt bﬂ &@%?9#%%“;&%&8%& that t he i npact of

i nterference froR-SSs agdiagraksofiag ekémplagyahanntt freduiepcy iattdeaing shitable forent i on
thus all ows si. rrulﬁ@gg access to an entire shared frequency band
for both LM '8A8 Eg%tems For exanple, an FSS provi der

i npl ement i ng t heFIGIaNtstRRs aFref@ncp "sﬁééﬁ'ﬂﬁl&dsuitidgrﬁdlﬁ hppicivn dfRiterifeencar
uplink frequency in t he shared frequenc and whil e the potenti al

i'nt er f er enc E°dPEAUYn RRAOGIAIEGYith he invention gy sxerp MDS and F§§n‘¥5‘5‘§ﬁd is
directed first tpuarsds,fowicRek 6f & WMFL%Q%L"O rT#?& i nvention
8 t Intert

may be simlarly utillze o0 reduce erence between many ot her types
of 15 t encoosdanceawitivtheppesent-ipeentidn.communi cat i on syst ens. I n

accor dance W th B 1SS Ql oo ANBONN M inde BT il B BVfigg Wh! ch

i ncl udes the step ©Of assignn erred upli ransm ssion
frequency to eacHIG. 7 is a blook dﬁgﬁhwst’cﬂnl dxymplhryjpiplanimmtnbn bﬁ«he presert invention

conmuni cati on s em whi ¢ é | gcat ed i n t he 30 second
conmmuni cat i 5}#‘;@{%@%@% cétarfﬁﬂ"fﬁ‘fp'l ’r‘gﬁ% B equenci es are
6

20 Detailed Description of the Preferred Embodiment

The present invention will be illustrated herein in conjunction with an exemplary
local multipoint distribution service (LMDS) terrestrial communication system and a fixed
satellite service (FSS) space-based system. It should be understood, however, that the
invention is more broadly applicable to any terrestrial or space-based system which

25  includes an uplink transmitter capable of interfering with a receiver. The invention may
thus be utilized to reduce interference between two or more terrestrial communication
systems as well as between two or more spacé-based systems. Furthermore, although

- Hllustrated using millimeter wave frequency bands in the range between about 27.5-30.0
GHz, the invention may be utilized in systems operating in any of a number of alternative

30 frequency bands.

8 .
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PCT/ US96/ 06034 assi gned such that a given uplink |located in one of
the cells of the second systemis assigned a different preferred
frequency than an uplink located in another cell of the second
system In accordance with another aspect of the invention,
an appar at usWPSTR$MVided 5 which includes a processor cobplFU§ %Y,
uplink transmtter in the first conmmunication system and operative

to select an uplinkGt 8 3RSwE HTkERpIhfySIREIHCOS alsRired RBqiehdy spRtthin®? AllochRa in
uplink frequency is selected froman ordered frequency list which includes

a nunber of accordanggmdthethe prgsant inventions The pertion gbthe iabevenpigddictaHe frequancy
transmtter. .T r r A [ . ' . 1t are
nsel gned basdOARPRES o il SRRE RS gnd [MDS B pRiyeR it LRRAIN biEls,
system i n whi400e NIHe wida it exhmple iof FiG Gashedrs pdinef agharedat00 MHz poitien of thel udes
a nmenory coupl ed to the, processor and o tive to store e erred

upl i nk s g’?ﬂ“ﬁ?@rhaggf”_cﬁ? q?@ﬂﬁ@rﬂ?’g’g?g EM video LMBS SYS“T‘HeLfB? %@@5& i nventi on
provi des a SPERIHRsSRAETMIS SR 480 MPlzGornRa GOCHIRALNR&Finto 20 MleghﬁﬂHeisaneous

use of a shared freque_ncg band b s&g{ce- based and terrestrial ]
conmmuni cat i orwithyan egeupied hangdwidte b t& MiflzenenchnnnelnEachafiatspries of yedativehii s deni ed

access to . | [ . Lnte rence
o Feduced by PaRY s B iheBRa So hieschl Aaibual ERHRRE AR gl Bl

t ransm _ssi onsfrém agAMD$ huts 1io-itte subseritersal 1 5deidiih thelcorresponding ¢edlcI0SHiMTAed t hen

sel ecting.uplink transm ssi equenci.es, | cordanc | &

predet er _nechﬁ‘ftEaf@éﬁ'ﬁ‘&ﬁ’ﬁﬁge&ﬁﬁ%ﬁcﬁ?p“fﬁfﬂﬁga&f W{‘ﬁ‘"_&é‘ﬁ} %1 Mgzﬂéwpér restrial
system Thi s cidnnel 2ThOUMDSTOwRBAIE§Hel @ m thtéiole Sdliies Freqitabgdpd oPfoouppead out
in actual RF transm ssion frequency, but also to be directed towards

. uency
the same chanM&lz bepvesn signaliseecirn RPQinadiacent channels. Thessfeqeencygaps ag dlen cel |

of the secon D%Mﬁ SRS H¥nRs ot ocol of the present -invention
does not pl agce an&gﬂ}eerfous tggsf%;ea% on "Ee'i ther FSS or LMDS system providers.

For exanpl e, the [f possibid, FERyplink tranmprhissienst azeldivdcted into thel lLeMBPSdotvinlisk | ons t o
exi sting 15  frequency gaps such that the number of co-frequency interference exposures to LMDS
subscriber receivers is reduced. This is illustrated in FIG. 3 in the form of several
narrowband FSS uplink spectra 210 arranged within the 2 MHz frequency gaps between
adjacent LMDS downlink spectra 200. The uplink spectra represent uplink transmissions
from FSS transmitter 140 to a space-based FSS receiver 150. It should be noted that the
20  uplink spectra will not be directed to the gaps in this manner if the uplink spectra will not
fit within the gaps. In the example of FIG. 3, the FSS uplink signals have a bandwidth of
less than about 1 MHz such that at least two different uplink transmissions may be
accommodated between each pair of LMDS spectra 2b0. The spectra 200 may be from
several different FSS uplink transmitters, or may represent different uplink transmission
25  channels from a single multi-channel uplink transmitter. The placement .of the spectra 210
within the shared LMDS/FSS spectrum is determined in accordance with a technigue to
be described in detail below.
An ordered list of frequencies may also be utilized in each LMDS cell as
determined by the LMDS provider for sequential use by FSS uplinks located in that cell.

30  This is illustrated in FIG. 3 by narrowband FSS uplink spectra 220 transmitted in the same

2
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25 channel access and dynam c reassi gnment procedures for FSS uplinks.
The protocol _preserves the possibility of global allocation of
portions of the 28 GHz band for FSS- uplinks while all ow ng
substantially conpl ete depl oynent of LMDS systens in the sane

geographi c regions. Benefits are thereby provided to both FSS and LMDS
system wo9t6aVi ders by achi eving co-frequency shari ng REfru89e06084 GHz
frequency band. Simlar 30 advant ages are provided in other

$har ed-freq %Hfbx\xi)ﬁ'g}y%g ?ﬁficg’@m% 3 bfdiband LMDS downlink signal spectrum 230.

PCT/ US96/ 06Thé LMDS signal spectrum ZBbem répresents herngrewns ehanaeldighdhwhiti s of
the present i nve f rom t he acconpanyi ng
dr awi ngs an(!?e‘f"n% 3%%?1‘]9”@ s&\"’l“'ﬁd’"ﬁ’é@&?’f *b?‘isb el Which may be pptepidally,  pt i on
of the Dr aW'uﬂ&?eredSwnh by an FS§ hﬁmkltrdnkﬁﬁé?x&ﬁ af &%émgﬁﬁie%&é}ﬁﬁ&@ Wdick of an

exenpl a?/ Local ti poi nt Distribution Service (LMDS) system
I

FIG 2 id|udMBS ehanad te Jensphibinbyi firstehecking o make avathabthe FSHimplitk signalipl i nk
L T Y L AL
LMDS subscr ifiequencit®within frequencyfghgs aré%alre‘adyibdngagﬂﬂm by other RSSaipjihiar y channel
frequency | r!];[ax?s{rrlugs?(\)/x{sn q‘h ?-'Sg ?rglls?nntwr then selects a treanslnunssnon re'\c/;[gesncg% rom an ordered
list for that cell as designated by the LMDS service provider. In this example, the LMDS
10 service provider has designated two possible FSS uplink transmission frequencies within
the channel occupied by LMDS spectrum 230 as the first two entries in the ordered
frequency list for the given cell. The FSS uplinks are therefore free to transmit uplink
spectra 220 despite the fact that those spectra may create undesirable interference with
the LMDS downlink signal spectrum 230. The LMDS service provider selects the
15 channel or channels in which it permits interference in accordance with a reduced
availability channel plan as will be described below.

The present invention thus involves directing potential interference within a given
LMDS cell to a specific channel or channels in the LMDS downlink spectrum. The
availability of a specific potentially-interfered LMDS channel may then be lower than the

20  availability of the remaining non-interfered LMDS channels, and the LMDS service
provider can decide whether or not to offer program material in the potentially-interfered
channel. It should be noted that both FSS and LMDS systems retain simultaneous access
to the entire frequency band in all geographic areas. This provides advantages over prior
art band segmentation techniques which would deny access to portions of the frequency

25  band to both LMDS and FSS systems.

FIG. 4 illustrates an exemplary reduced availability plan for an LMDS system in
accordance with the present invention. The LMDS system includes at least 42 different
channel frequency sets designated 1A, 2A ... 20A and 1B ... 22B. The designations A and
B refer to the location of the guard band in that cell for a system employing frequency

30  interleaving. The plan may be utilized in a multi-cell LMDS coverage area 240 that

10
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FIG 4 illustrates a frequency spectrumresulting from application of

I nterference reduction in accordance with the invention to exenplary
LMDS and FSS systens. FIG 5is a flowchart of an exenplary

i nterference reduction process in 15 accordance with the present

I nventi on. FIG 6 illustrates an ordered frequencE‘ | ist i n
accordance w%W92THd1] nventi on. FIG 7 is a blo€

an exenplary inplenmentation of the present invention in an FSS syst em
whi ch shar es @oinkRes!RRE % poAT otk plrtRblal MO coWsigeirea. THE LMIBDS toVekfid area
Description of the Preferred Enbodi nent The gresent I nvention
will be il us2f@isqapmgentadin this eenplmasta squareiares compasiegipikiripur separateLMBS

mul ti point di %&lis R4 i Lol Remél %}rm@ @F@Eéﬂa ed%%{&@éﬂ | &j? en rno Sé)?t éfn and

a fixed tellite service ased sys

under st ood, hcas\shwn, Thezharinebdesignation in aginen@ell 245 mpm:zmmadéty;fallmahdfgcabl eto
an_uplin

-b t whi ude
ransm tr et cASABGESar o EFS BPkgrREHeL OPER IR b St REORHE ALY BFeTay
thus, be utili zﬂchuhmgrm@lwmi fitieh&y £4PS BrebRNIS hkntiviedOFSERpBnksHitHESthe | 2l
conmmuni cati on ystens as well as between two or nore space-based

systems. Furt W‘Frﬁ?lbafe‘&?‘!%a ¢hws not prohipited fserm Arapsmitinigog argivanichatnel wave
frequency ban (ﬂ% éﬁc} h)%t 5\‘8 %@caﬁ%r@ﬁ&? oYL f&la)r?frqulegmes l?cforc qﬂzﬁ{)fé?qu&mes

i nvention may l'1zed 1h systens opera

al ternative 3(depenﬁmg o ¢heccell 245 dhswhich a given uphnk is located. The frequency interleaving

& 10 in this example specifies that the frequency gaps for channel sets A and B are interleaved
such that two sets of 2 MHz gaps are available for each channel throughout the multi-cell
area 240. It should be noted that the locations of the gaps could also be stored as a list
similar to the above-described ordered frequency list.

As noted above, if there are no frequency gaps available for uplink transmission,

15  an FSS uplink located in a given LMDS cell searches an ordered list of possible uplink
transmission frequcnci_cs designated by the LMDS pro,vi'dcr for use by FSS uplinks
operating in the given cell. The uplink continues to search the ordered frequency list until
a transmission frequency is found that is not cuﬁenﬂy in use by other FSS uplinks
accessing the FSS satellite receiver. The frequency gaps and the ordered frequency list

20  together cover the entire shared frequency band so that there is no capacity penalty for the
FSS system. Frequencies on the ordered list thus coincide with operational LMDS hub-
to-subscriber downlink transmission channels. The single LMDS channel designation
shown in a given cell 245 would thus be the first LMDS channel in that cell to encounter
harmful interference from an FSS uplink transmitting in the given cell, such that the

25 downlink signal quality of this channel would be lower than that of the other LMDS
channels in the given cell. By sacriﬁcing some availability in a single predetermined
channel, the present invention substantially reduces the potential for interference with the
remaining channels. In other embodiments, the ordered list may include frequencies

corresponding to more than one LMDS channel.

- 11
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PCT/ US96/ 06034 FIG 3 shows an exenplary portion of a shared
frequency spectrum allocated in accordance with the present

i nvention. The portion of the above-noted 28 GHz frequency band
proposed for sharing between FSS and LMDS service providers is typical.ly at
| east wo2éMtz W de. The exanple of FIG 3 shows part POT/U&&Nsexded 400
MHz portion of the 5 frequency band in an exenpl ary broadcast FM video
LMDS system The . do spectrumin the share portion
I's channelized i r#g%'{Dgg W 'éﬁ“?"ng g"empéﬂ RIO&FS 8&?8%%%‘9‘3‘3 of 18

M-z per chanipihk tda@fedt Hfuitable tahdission fr@judhidyy h Mep 250, a chirerkeasd r§4ugmd
spectra 200 represent _individual downlink FM video L&nal s transmt'ted

from an LNMDSDiled by an FSS subserihes indicgung;a desire ig sepd an vplinkdgpsmissionofing cel |

cach 20 i CiRRos i o 3478 © Rt A0 feclye PSSPk RRRRELY 111

i ncl udessf rewaem@M@@kabﬁmammmt i8, whether thehiplibletrausmittes icguld poteptiadlyr a 200 i n

adj acent chann fre n aps ar.g.al so comn I red to
as guard barLusrlere R w1 iBs'do %Hﬁ? "%3&& BP%, gﬁrbﬁr?lm?efera ﬁ?’ g}f oﬁ‘é‘ﬁg :
directed i ntservideerdilidy wieiadsighinghhe prefeneq fequercigsfos trwells iniké LMDS nunber  of
co-frequency interference exposures to LNMDS subscri ber receivers is

reduced. Thisyste®- Fprexample, the aceessedaplink trapsmifier may be sitheg dnpidegr outside the

nar r owband F a gaps
botween | SEaRLARg SHEE of th EUPSTAIZDAREFSS LbidRe ReMdqich B fiafy

repr esen® upgh nevpotentinh foriisteiferemce with an Wbmsmisqrﬂﬁmmdi@tesm ahy a

Spectra wi | 1VRSTeRET h¥Flattig et b Sefmalh Dl b TS o vt i
spectra wil |thﬂDtTransmnted ak sliownl inftep 2sﬂe1fgm:>sss :hp)mkluanmﬁ&en:ik fe0bn EMDS 3, the
FSS. uplink signals have a bandw, dt | ess than about 1 MHz such

that at | eastePloypentspeisthatihe porentink f‘t‘r‘%‘ﬁ@?ﬁ% eSS S§R2petermines yhederpdat ed
bet ween eachnppssy nkl-lg/gﬁe PG dte ot Sle thyi.‘i\dﬁ@ 8&dd. af HEAQpRY cASpEfapM

several different FSS uplink transmtters, may represent different
upl i nk ttPansowtsids tanMaDS bapdastens?38 mcixeatesdh@uangp!enmnsmsemm@pemp pitgide

transmtter shar ed

LMDS/ FSS spec%rirlgdrlrgl @acﬂge %ﬁer%%‘%egﬂ?%ﬁg@c c {al%glgnv[\ﬁ’ awt get%ér}slegeggedt o] be

descri bed i rfrehpemylin ktep 855. If the FSS uphnk is noAnblemimemtb outsitle the [IMPf bewd;i es may
al so be utiI.iz i.n,.ea rm ned b e LNMDS provider
For _sequont iS4 TP0dM A3 gt 3 GETHEL I Siiewgs PRFVIRHSY ioBtd chatas! ot 5 1 &

i1l ustrated jnforfmbien obtdived Tryms, Fvdekamplestec LMD kerfibepiovider 2fhid frareg@m tted in

t he sane
20

information includes an indication of any frequency gaps in the LMDS downlink signal
spectrum which are suitable for uplink transmissions, as well as an ordered list of
frequencies designated as suitable for uplink transmission by the LMDS service provider.
A determination is then made in step 262 as to whether the operating bandwidth
of the uplink is less than the LMDS frequency gap such that an uplink signal could be
25  transmitted in the gap. This is generally dependent upon the specific technical
characteristics of the FSS system. If the uplink bandwidth will fit within the frequency
gap, the process determines whether there are nnused frequency gaps available for uplink
transmission as shown in step 264. If there are unused frequency gaps available, step 266
indicates that a frequency within one of the gaps is selected, and an uplink signal is then

30 transmitted at that frequency in step 255. If the bandwidth of the uplink signal to be

12 |
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PCT/ US96/ 06034 portion of the shared spectrum as a broadband LMDS
downl i nk signal spectrum 230. The LMDS signal spectrum 230 thus
represents a single LMDS channel signal which has been sel ected by the

LMDS ser vi cewprgg%gﬂ.?r as a first channel which may be pot engdadhdotnsoss
interfered wth Dy an FSS uplink transm ssion. The FSS transmtter

determ nes which 5 LMDS channel to transmit in by first checking to nake
sure that thardn§Siteplis greaterthanethe frequencisgaps or ifithewi dré noyoyused frequengngdph/DS

frequency gap or .that all avail able ansni ssj on frequenci.es wthin
frequency gafy2Loe® d1EREAES 'B%Y‘ﬁg" SR ﬁ’oz’g avq;iﬁﬁ%et q{g?rre%fggqqgm:y?lﬁg retrieved in
transm ssi onsueplsd iSPivelded Beyiibdtlafly. SREN7TS ﬂét%ﬁﬁes&lﬂeﬂﬁﬂﬁ;%&:&ifﬁﬂuéﬁcg@ﬂﬁﬁcy
from an ordereg list for that cell as designated by the LMDS service

provi der. | n arfgred Bstispnuscd at the ESGatellte receinery ilfthe pexs freguency,an thg @sdegadat ed
two possible ' t gém, | ol 4t Ml P .channel
occupi ed gy I}Eg% uggégg{lrhﬁtnﬂ;%% agssgfﬁgt e{j ?‘f%?e’?vq\%ﬁéepnﬁd’i' @s‘rﬁn nup%lﬁkeSngr;hgéér:ed

frequency | i stanfmitted htthgselemedfedquencylin stes251 JF theloextfreguericy op tlerardéredlistt o

transmt upli.nk spectra 2 despite the.fact that se spectra may
croate undesit unyes o e EEFGPL ReB2(g it fal e fRpecal B AR FeeBieg o)
spect r um 230.an UnBsed fiequénRy WiitBleForQipliflE Sighd? krdkshissings beated. channel or
channels in which it permts interference in accordance with a reduced

avai | abi lity chanddP- prhowsas eygmplagordesedfraqpensy g 390 suitable foruse in the  The -
present hgven b Qg 416, 5.rR N S0GHnERELS 4 hnftef S Enkri K|, B &1 EE! g thin a
gi ven LrHrl\/DS cel Iéto aﬁgspec?(ﬁnc cﬁanngﬁaor c%n;elr% m"'f'gjre']q L

downl i nk spedudicate poSible uplink transmissiobificijuepcie$ foa F§$ uplinks located within a given
potential ly-infegfer anne then be |ower than the.2

Vel Tabil iy S A RS Rl i Ay PRy i e A PR Al iped abovens
service in porjinction watB FIGSL | Tie onlied bhfréqueticiésdin theolisd WilbgenBfallgibam mat er i al
'n the pot entdle?e”m).xx_ecli II;;[( Slref'l.glrlﬁg system provider. in order to minimize the impact of potential

15 FSS uplink interference on the LMDS operations. The list may be stored in a system
memory within each FSS uplink earth station or within a satellite system memory location
accessible by a number of different uplink earth stations. Detérh:ination as to whether the
ordered frequencies for a given LMDS cell correspond to downstream or return link
traffic may be left to the discretion of the particular LMDS service provider.

20 FIG. 7 is a block diagram of an exemplary implementation of the present
invention. An LMDS receiver 400 inélpdes an antenna 410 suitable for receiving signals
transmitted from an LMDS transmitter 420 via an antenna 430. The LMDS receiver 400
may be a subscriber or hub receiver, and the LMDS transmitter may be a subscriber or
hub transmitter. An FSS uplink 450 transmits uplink signals via an antenna 452 at

25  frequencies selected using the process of FIG. 5. The uplink signals are received as
interfering signals in LMDS antenna 410. The uplink 450 further includes a processor
460 which is coupled to a memory 465 and programmed to implement the process steps
described in conjunction with FIG. 5. The processor 460 may be a computer,
microprocessor, application-specific integrated circuit (ASIC) or other suitable digital

30  data processor. The memory 465 may be a magnetic disk or tape device, an optical disk

13
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channel . It should be noted that both FSS and LMDS systens retain

si nul t aneous access to the entire frequency band in all geographic
areas. This provides advantages over prior art band segnentation

t echni ques whi ch woul d deny access.to portions of the frequency 25 band
to both LMDS and FSS systens. FIG 4 illustrates an exenplary

reduced avaydaigriiy plan for an LMDS systemin accperasssmedsat h t he
present invention. The LMDS system i ncludes at |east 42 different

channel freguency sets_designat 1 A... 2 nd 1B .... 22B. The "

desi gnat i on€VjEegf glectronic P’°§%F’§fa§}c‘j’ T@‘?'ﬁ%“?"'&f&f aﬁ?ﬁbf‘f‘teﬁé"ﬁ?}ﬁ?'&“‘b%d in that
cell for a gpnahfdPafidtih QceSméh&GFUSHRY oftfer mehﬂ%ﬁdévﬁ:@‘éhi%le 5P SoRhSehe TRY bE
utilized ina nulti-cell LMDS coverage area 240 that

10 above-descripppdchapss} plan information. An uplink transmitter 470 receives an

PCT/ US96/ 06, . LOC] L1 0 (eTy I i ar _ESS coverage
area. The L at(':%‘vféorrg g&g‘;}é%%s“%ag'ﬂ%blgg{ar ap?gglféﬁr? %"%ﬁgﬁ aﬁ:l %ns&té’ﬁﬂl e as a
squar e &r eauplinkpignal a0 thas frequenéyovia asteman 452 Oflvbltise, numeroashltegnatid. Channel
sets A and B are freguency interl eaved betweep, adj acent rows of cells

25 Shown.  THETS HHBPTERNOR AF PR H YRRy wHL oty FPEBrEde s thedset of
channel 5 jpthé gguencies that an FSS uplink transmtter |ocated in that

cell would use first after : exhausting the 2 M4z frequency gaps

previ ousl y ment i lomiementation gf the F8S/LATDRispectiim protocol will generallydnyolvg ea 240 are
t hus not pr%;mi E .ed: L1t . ' . . frequency,
but are instea ﬁ‘g:éaglé’é{bg@%%ﬁugl i%\é@%%@?l é‘?ﬁ%er{ggﬁgﬁgﬁgg% oF émg%er

f requenoi essystem design cepificitions may bdrequiredito Rriflerment tie prétoeol g ivihe exgrhplaly | S

ocat ed. Theemll;gd%%gnet Qe seribey i%rclox%%}i/én%% with FIG. 5 above, each FSS uplink maintains an

ordered list of the frequencies to be used for uplink transmission, obtained from the
LMDS service provider. As noted above, the ordered list and other channel plan
information may be stored at each FSS uplink earth station or in a satellite system

15  database. The appropriate location depends upon the channel access procedure specified
in the satellite system design. If located in the earth station, the list could readily be
loaded into memory once the fixed operational location of the uplink was known. For
transportable FSS uplinks, the operational location could be continuously updated using,
for example, signals from the Global Positioning Satellite (GPS) system. For an FSS

20  satellite-controlled access procedure, once the earth station identifier of the uplink
requesting service is known, the FSS satellite can perform a database lookup to determifxc
the appropriate frequency list to be used in finding the most appropriate operating ~ '
frequency. This may be carried out in a manner similar to that used to verify that a user
requesting access is a éustomer in good standing for customer billing purposes. For

25  simplicity, there may be a limited number of possible channel ordering plans that would
reduce the amount of additional traffic load caused by database access. Alternatively,
channel list information could be updated periodically in the FSS earth station memory
using information from downlink satellite transmissions. This method would also allow
for changes in the LMDS channel plan information to be conveyed to the FSS earth

30  stations over the FSS system itself.

14 :
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10 in this exanple specifies that the frequency gaps for channel sets A
and B are interl eaved such that two sets of 2 MHz gaps are avail abl e
for each channel throughout the nulti-cell area 240. It should be
noted that the | ocations of the gaps could also be stored as a |ist
simlar to the above-described ordered frequency |ist. As

not ed above, WPR&H? are no frequency gaps avail abl e for upPCRUSIE06034
transm ssion, 15 an FSS uplink |ocated in a given LMDS cell searches an
ordered list of possi | 1851 : | ixgnat ed
by o LNDS pr ov aare fiofid (Hinqel gln tot e 3REVASE TS ypRAGUEACFon (R 810 ©
cell. The upl ideterminad by thepotentiailyaffehtet RMIDS shrvicelprovisiquinribe/gdogeaphicrardal

a transm ssion frequency .is found that.|s t,currently in.use ot h FSS
ol ke gt e SRk i g8 <Ous pebleimélpa Y blehmbate it tifmleo A o
the ordered fnRgs@REFSS béivice Qrovideﬂﬁﬁﬁxb?y tRQxRedd 4@ lengitude ofduah aplidk @atiency
band -so that there is no capacity penalty for the FSS system

Frequenci e3 orftating tofhe EMIRS sereice providerer a9dnpdnstryvide BMDISdatabasy maintonance)-
t o- subscri ber &Wﬂ! i LR ; (3P thMDS el

desi gnati on d éﬁ%nﬁ.{cﬁ%g&g? eﬁﬁgfeéaﬁmgéglkﬁ%%?gmﬂws E]e t%‘p? Wg‘? LMDS
channel in t happoetiste bulceddmgneney list for thatuplink garth stateont €inep thas infarmation 5SS
uplink transmtti i n iven cell, . such that the 25. downljnk gignal
coal Tty of ¢ nicbtecsidaledn FS PR B, it ob A R fion oy Bplfied

channel s in t htaBhsécihe aplink willbesdthorizéd to MEnsHitth Rverdhmeivith the pfdtatoki Ngl €
pr edet er m ned channel , the present inventjon substantially reduces

the potendfal Yesificatignafcamplianse with the pretocol can easily b AfcRpPlished withdbe | n ot her
enbodi nent s, ta?@m?ﬁi%%@?ﬂexﬁh%n&ﬁé’doﬁk‘?' ude frequencies correspondi ng

to nore than o channe FI G 5is a flow
chart illustrating Teemsesesiepp obEKS S moddsa specinin grajotol whichrackggnodates

access r aques DM SRS sh RS ikihe CME R R e BuSRRET

to send an uplihteksysteaiintérfefencd). The full allocated bandwidth of the FSS system is available for

15  FSS uplink transmissions, even if all uplink transmissions are in the same LMDS cell.
There is no FSS capacity penalty for implementing the spectrum protocol because FSS
uplinks are not prohibited from transmitting on any given frequency. The LMDS system
also uses the entire frequency band in each cell, with reduced availability in only one or
more predetermined channels. Compliance with the spectrum protocol makes the FSS

20 uplink a "good neighbor" by directing the potential interference to specified portions of
the LMDS frequency band, thereby reducing the likelihood of co-frequency operation

~ with nearby LMDS receivers. Compliance permits LMDS service providers to effectively
design their Systcms and tailor their service offerings to deal with the occasional received
interference. ' |

25 A number of exemplary applications of the present invention will now be
described with reference to specific types of FSS uplinks. Each of the speciﬁc.FSS
uplinks referred to below is described in greater detail in the above-cited LMDS/FSS 28
GHz Band NRMC Final Report. One proposed FSS uplink is a Teledesic Standard
Terminal (TST), which generally requires a contiguous allocated bandwidth of 275 kHz

30  foreach 16 kbps system user. At least seven uplink frequency slots are therefore available
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determnation is made in step 252 as to whether the accessed FSS uplink
transmtter is 5 near an LMDS depl oynment, that is, whether the uplink
transmtter could potentially interfere with LMDS downl i nk
transnmi'ssions. This is generally determnmned by the LMDS service

provi der when assigning the preferred frequencies for the cells in the LMDS
system Forwesampl®e, the accessed uplink transmtter may RCTUS96/86034 nSi de

. or outside the signal receiving range of an LMDS cell, If the FSS

transmtter.is ed such that there 10 ' 0 potenti al r

e orf er encin i A VI feieRdk dap et iR LM ARl Thetc, 6 Sucn

transni ssi ofredueR6yS4ds in Mich frequenbeintedoived@nshnepat. (Bl the6ieaMDAVidedS upl i nk
signal is then transmtted as shown in step 255. If the FSS uplink

transmi t t er chagnelas thefirst qpety receive hagmfyl inferierencs prqyides an addiiongbteMHzdn f or

I nterferenc i el ) ' : Lhk is
able to ope?%c?ghgfa?' sc F%eg??%éﬁ f/%%t]gg?g%ﬁowgﬁgkﬁéﬁc?%ﬁs %:saﬂrﬁ%bg‘?gthgﬂ%gp

out si de & hethielvBBebofiths chahugd hetdreadyihern pesritized forawe indelln with therdteinai on
frequency oytside . the, LMDS hand i s |ect.ed.. The upljnk sjgnal is
then tr amsniER SIS, prerla R e qTs Bvel i EiBRYS T arhupey oledde R FS
uplink i s n@plirkb@sd beferdeauing hatthful iterfefmics Mdatkanth LMDS charfrleRiotif fhan

i ndicates that the uplink _then retrieves previously-stored channel plan

. P L€
i nf or mat i onthsisinglefedpced ayailability chanpgh| e, t he LMDS service provider. This :
fored oo s 1o e the : ' S h
store Into b ¥xetnp R r@ﬂqk\l’mﬁéwm link 1@1{%&]&81 Iéfcr]cgﬁgéa' n the

LMDS downl i nk si gna are suitable
t r ansmi ¥si opentigasusiahdwisith of 26ct M&ize Th centignbus T1 rate TS Rbandwidtke soughblyi gnat ed

as suitable for _uplink.tr 1SS b h S servi ce prqvi.der.

A det er ni naf?rgeﬁp‘i’ dst‘?‘n%?\lnﬁgggml’%%g?%%h%%é’ g\,slhlf\:@'eﬁl‘é'%b@rsoftﬁgg%ﬁg?aét i ng
bandwi dt h  degradatioh of &djaceplLIMBSivideb@hanneRAthe xtent bMATs degR@usoncyiliap such
that an uplink signal cquld be 25 transmitted in . the Thi s |

gener al |y BURRUAES tp BdiatchTapiels 4 enly EmAN aerlapping Wik e Juraler IS, o of
the FSS sysygifk. With (e spRibiprbass] v ﬂiefbr%h'in\fehﬁodf,\'e%sbmml&faﬁ‘e ArsERHATSY

gap, the process determ nes whether there are unused freQuency gaps

avai | ab\S% f eate THT pplink in each LIRS sall dedsaot eauseshasmfil interfarense patside the single e ar e

unused freq 1Ay “l%b t iadi t hat guency
wi thin one g@ - %I\éeagéga%gﬁyg se %‘c T ,ﬁan aﬂteﬁfﬁrf?cr? kvmg igg‘??g?ﬁfi osfaffr?gﬁ' %%
transm t t ed muitipldwagdlinks inqheesamyg IIMIDS telparg Simulthdeously adtiva d Thelintprodenieheinupl i nk
si gnal 12

to bEMDS availability therefore decreases when simultaneously active FSS uplinks are
clustered in a small geographic region.

20 Another exemplary FSS uplink is known as SPACEWAY, and was developed by
Hughes Aircraft Company. Mﬁltiple SPACEWAY uplinks operating at a 1/2 or 1/4 T
rate can generally fit in the 2 MHz frequency gaps between LMDS channels of the
CellularVision system previously described. In a single 18 MHz segment of spectrum, 9
T1 rate SPACEWAY uplinks could be accommodated in each LMDS cell without

25  causing harmful interference. Consider an exemplary partially overlapping frequency
allocation between the SPACEWAY system and the LMDS system in which the
SPACEWAY system is allocated a 29.0-30.0 GHz band and the LMDS system is
allocated a 28.5-29.5 GHz band. SPACEWAY uplinks operating in areas where LMDS
receivers are present should therefore first operate in the 29.5-30.0 GHz band whenever

30  possible, as indicated in steps 256 and 258 of the FIG. 5 process. When the entire 29.5-
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PCT/ US96/ 06034 transmtted is greater than the frequency gaps or if
there are no unused frequency gaps avai l abl e, the process noves to
step. 270 in which the ordered frequency list retrieved in step 260
I's traversed_sequentially. Step 272 determ nes whether the next frequency
on the wQ Hd list is unused at the FSS satellite r cRETYE06434 ¢ he
next frequency on the ordered 5 list is unused, that frequency is

sel ected as SHROGHZbanl #indédby GBEr BS sMnks) the PSS \@linkSshould operale’id3adTbe t €d
at the selected frequency in s){ ep 255, If the next lfrequenco;r/)ercailn lt hegg dered

i st i ei2f ayaiably 2 MHz freguencyegaps iithp2%0-29.5 GHZ MBS hrbadcast spectrit
traversal ste | : ' ncy. sui tabl e
for uplink si (;wna noftnlfq;ﬁ Sﬁﬂfg{gfl%ﬁn [ SE P%)cg a%héﬁ.a‘e b éé 5%%%9 25' lhg&]‘%\cy ars xl?ﬁt}\éman
exenpl ary or devageblé incanyensywheresL MESOdavunlinkbdnd SPAWCHEV A Y] uplinkscodfist. process

f FIG 5. Th j 0 j.ncl ud b f i F , F , .
Rl ert] . BL ar SPALEWAY Splifle et oRerdie 1o Feiins et s iy ouL RS fecetpi phould
frequenci es f@insinSntiRd 2906-29.5 G Sshivh bithe frdqiht4EBand so that tHe§ lab noﬁ?sg rﬁgLNDS

e

cell will generally have a different ordered |ist, as was descri bove
i n conj unct i oficArailable KSS systemigapagity f9r uplinksoperatinginascag wheied MDS s wi | |

T ze t ho Soployed. WARAPACEN AV yiiliks ey e BRDIDRERE alcs SRS Dos
oper ations. Téystemssind operatirg is ther2905-30.0 GHzy/tsind before operatifig ithy shdrédn910-each
FSS upl i ti o within. telljte,syst | ti

rccessi bid byt Shtzepd dpinehbboblahiflaBfkSoe oy WrseIPRRROR b BRI FraeEdon s

to whether the  The préveflih@shtibs GAY ARG b 81tifiRH vAhIIMDS s Sifirlth#AhL espond
to downstreamor return |ink traffic may be left to the discretion

of the parti cempla By Visiensystemareniouslyxdpscribed. As noted gtiogs, ap ekemplaty ock
di agram of ~angigxaTNBS ¥ étémhé‘seﬁ@dq# includdd $E0HON: AN
LMDS recei ver %00 i ncl u%les an ante ngiﬁ%‘sé&l}f?“giﬁgzﬁﬁlﬁw’rce‘é%“ﬁ ng ‘si ﬁnal S
transmitted fehgnmel handwidhs withs fiexiblerseri® offesingiof \adeopdma add flephbrey. LTSS

recei ver ;400 Subscri ber or .hub. receiver, d t he LMDS
t r ansni ttlgr n%&‘l)c%teed %‘&g%%xgisrﬁgg? 151fo uPl?"J( and ﬂ‘lff)‘ﬁ‘t“j‘é?g’i‘ﬁ“fst Jl"%%ﬂﬂsq33§ MBI i nk
450 transni t sonlpforibloaditagngivcey) but Ao atWRIBHEv PRy Mbltipfe acedsé EMMBRGERDns as
sel ected usi bgle 8ro,ces5 .0f FIG 5. The uplink signals are received as
interfering g%ﬂ |y ﬁcﬁbfwmfl%%ﬁ!ama%.conr_wenmsqonﬁwlthseeﬂ kb hAH LMRS udes a
processor channefile Wik abk isSd APHRKIRE dfde e BN Yo ftPoetiddigRELF piEEd O
I npl enent the process steps

capacity during the busy hour with some specified probability of blocking. FSS uplinks

20  could transmit on an ordered list of frequenciés that is specific to the LMDS cell where
the FSS uplink is located. Selection of which portion of the LMDS spectrum to interfere
with first would generally be different in each LMDS cell such that multiple FSS uplinks
could transmit in a given cell before causing harmful interference in channels other than
the one or more specified reduced availability channels for that cell.

25 ' Implementation of the spectrum protocol of the present invention may or may not
affect LMDS subscriber-to-hub return links depending upon the LMDS frequency plan.
The LMDS service provider has the option to tailor the implementation of the protocol to
most efficiently meet the system performance objectives. For implementations of the
FSS/LMDS spectrum protocol that specify LMDS return link frequencies at the beginning

30  of the ordered frequency list, the availability of LMDS return link channels becomes an
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described in conjunction with FIG 5. The processor 460 nay be a conputer,
m cr oprocessor, application-specific integrated circuit (ASIC) or other
suitable digital 30 data processor. The nmenory 465 may be a nmagnetic disk
or tape device, an optical disk

13 SUBSTI TUTE SHEET (RULE 26) WO
97/ 26717 WO 9726717 = PCT/US96/06034
PCT/ US96/ 06034 device, a electronic progranmabl e read-only nmenory

gm’ an efqf “F‘BPJn ng:t)ﬁc yStems, the renf¥ ﬂﬁﬂ}sga &&Hﬂﬁ%%%&ﬁgﬁﬁ% Re_any

rrermry eV| ce storin ﬁannel
pl an i nf or nizém &SS uﬁhnkmhnsnkssionareducesttmcaﬁﬂtyrafmei M Samnturn links. Retineat i on

from process 460 as t.0 u tr nc and transmts
P © o Rfcapn fao s B e e St R NS b B o mefordi e |

nu merous  al iIfeAed LMDS bandwidtl baisfle hd mlamafeawxmsnéouim @5&%

i nvention will be readily apparent to those skill in the art.

| npl eneft ?t e Bk rafficrgsnsuemeyainimumapiopated @tuwégnk cgpasity aWith thewol ve

connunlca [ r i ders.

M nor @}s‘?ﬁiyggg{&gn mgﬁwelsg%tlg%g}{kn%ﬁ Ea:é‘&'&;egl regﬁ{%ﬁf% é’%n t he

pr ot ocol Ifnequbmymssgmhanymular to almﬂmrdllmkmdes(AMbedhandoﬁ‘nmdmeél]m W th

FIG 5 ab h FSS upl i t t th
Ft equenci esaidfEEngloayshs ooHla PrimiPrted Gareysn dBRBL RSt PRriotte
LMDS ser Vi Cgreqehybfifterferbfice G £slvelihidnel | ADossitle aetndive invdls fiehise o hannel

pl an I nformati on may be stored at each FSS uplink earth station or in
a sat ellj t eintpylgtenps cancellers at hub receivers, but would generally increase the system

complexity. :

Each LMDS hub receiver gcnerally has an interference susceptibility zone around
it determined from the calculation for the minimum required separation distance between -
it and the FSS uplink transmitters. If an FSS uplink is located in this interference Zone, it

15  could cause interference to the LMDS hub receiver. One possible method of protecting
the hub receiver would be to implement the above-described ordered frequency list such
that FSS uplinks close to the LMDS hub operate on a frequency corresponding to one of
the LMDS downlink channels. The selected downlink channel may be a single reduced
availability channel or another LMDS channel. By tailoring the implementation of the

20  spectrum protocol for uplinks that are located near LMDS hubs, the LMDS service
provider can balance the LMDS downlink and return link availability. This generally does
not increase the complexity of the protocol, but instead only affects the order of the
frequency list.

The size of the interference susceptibility zone around a given LMDS hub receiver

25  can of course be reduced by modifying the LMDS return link system design. Possible
modifications include the use of a higher transmitter power at the LMDS subscriber unit,
and the use of multiple directional hub receiver antennas. Although use of a directional
hub antenna would increase the return link availability for some users, it would generally
not improve the performance in locations where both the LMDS subscriber and the co-

30  frequency active FSS uplink are located in the main beam of the hub receiver antenna
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15 dat abase. The appropriate |ocation depends upon the channel access

procedure specified inthe satellite systemdesign. If located in the
earth station, the list could readily be | oaded into nmenory once the
fixed operati onal | ocation of the uplink was known. For transportable

FSS upl i nks, the _gé)er ational |ocation could be continuously updated using,
for exanple, QYA %romthe G obal Positioning Satellite (

For an FSS 20 satel lite-controlled access procedure, once the earth
station identi fiirfdss e ihddeasttPlink Yhargin prov:&&ﬂiﬁﬁé SRS Xﬁt@ﬁa‘xﬁcr&ﬂ%e chdpge FSS
satellite can perform a database ["ookup to determ ne he appropri Ate
frequency |ist Rovesenawshdp pyereamedtheoffech of mmrﬁqmcepﬂsaofendppkaeaw@ub
frequency. This I that used to
verify that a ug@%ﬂ’cr?ﬁeﬁﬁa Uoﬁﬂja?l ﬁﬁ&gcceﬂs%n‘ps g?cé ?t“%“’h“%g%&“g?aﬂa. ng
for custoner blﬁréqumy:ym:ﬁfqaemelsantFanbfﬁﬁmterﬁrmglPSSmpynkthere my be alimted
nunber of pgssible hannel rderin l.ans th reduce the
anount of additi onal qwqmﬁtewa%%@w@m %é%‘ﬁ’egég’éé‘gl’enﬂﬂ‘éﬂlﬁ&twl!}el Y,
channel |ist i rfeQippiehtQd those!bfor@RatyREAlifthdey i odically in the FSS earth
station menory using information fromdownlink satellite

transm ssions. This nethod woul d al so al |l ow for changes in the LMDS
channel plan information to be conveyed to the FSS earth 30 stations over
the FSS systemitself.

14 WO 97/ 26717
PCTI US96/ 06034 The appropriate channel plan for an individual
FSS uplink earth station may be determ ned by the potentially

af fected LMDS service provider in the geographic area
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V\/nére the uplink is |ocated. One possible nethod for exchanging this

I nformati on woul d be for—the+SS—service provider t v t=re:

| atitude and |ongitude of each;, HM aks earth 5 station S@%@S BEEN
service provider or an industr eplaged hase mai nt gnance REPLACED
organi zation. The potentially E service provider w then ‘

supply the wWO97267ppropri ate o cy list for thRCTUS4G6034cart h

station. Once this information is entered into an FSS system nenory,
either in aq%ygl;nk earth station or a centralized dat abase, the
uplink wll thorized to transmt in accordance wth the protocol. 10

Veri fi cati orweklaimnpl i ance with the protocol can easily be acconplished
with the appr oprj at ystem di agngsti c, tool s. ) . The
process steps of ¥IG n}ﬁﬁsar’ﬁ@dam% THITRCH POV BT walink Hangmitenb adire s
both LMDS angirfiss cé%ﬁiuﬁi&ﬁdd&yﬁeﬁx%ﬁ‘i%éfﬁﬂbﬁ%%onh%l&@bérﬁnﬁﬁ@ﬁfbg”9 and
controlling inter-systéminterference. The full allocate andw dt h
of the F$S ssystemmwhereiatbe seadridecoimgpunia@tion syS@m ipélidds atpluralismiofesllons, even i f
all uplink t ] SSi 0O, e in.the same LMDS cell. There is no FSS
capacity pen‘%ﬁ@g%ng?ﬁﬁﬂ s%?fenti'ng t he spectrum protocol because FSS
uplinks are not prohi lstigining sideast orerppefedréd updink ramsnyissipnfesguéncy qoieathof a The
LMDS system . | so .uses the entire frequency band in each cell, with
educed avaiPBlwial PRk EARRpITEFR o dhe trst compligicstion SiempeaSIA celAt i <.
Conpl i ance Webéhd! ddghrRiGatibn §sing s8that i ies ohd'6f thSSpIafR tranttiiteRHodeddP0d

nei ghbor" by directing the potential interference to specified portions of
t he LMDEOT r congeofi the colinig assigned aldifferery prefersediftequemick thap aoetheref theawplinkquency
operation | ] H{Qﬁr cewvers. Conpliance permits LMDS service
provi ders to"???@ff@egﬁ%{'g% efstifeg%h%[’ﬁag?r systens and tailor their
service offerings to delattinguplink transmissivmifreqadncieeinghe/Bxdt communidatibesyserence.

25 . A nunber .of exenplary. applications of the present invention
W11 now be i SCeoNEE B ecp R BRI peci 11 ¢ types of F8S
uplinks. Each of the specific FSS uplinks referred to belowis
described in greater detail in the above-cited LMDS/ FSS 28 GHz Band

NRMC Fi Adl Report2. Ondhemagtheseaf claim 1yyhergin the step of assigaingat least spejprefprred

Termnal (T i : L | ' L wi dt h
o 275 kit | 0 R ERIGE olighii dh oRferdd SR p N SReRictOF Mokl RRY
frequency sleatkofthe pluradite 6fupdink vrandmitiére. .

15 -

3. The method of claim 1 wherein the first communication system is a fixed

20  satellite service (FSS) system.

4. The method of claim 1 wherein the second communication system is a

Local Multipoint Distribution Service (LMDS) system. -

25 5. The method of claim 1 wherein the first and second communication

systems operate in a shared frequency band between about 27.5 and 30.0 GHz.

6. The method of claim 1 wherein the step of assigning at least one preferred
uplink transmission frequency to each of a plurality of uplink transmitters of the first'

30  communication system further includes the steps of:
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frequencies further mcludcs the steps of:
determining if a given uplink transmitter is able to operate outside a
frequency band of the second communication system; and
selecting an uplink transmission frequency outside the frequency band of
20  the second system if the given uplink transmitter.is able to operate outside the frequency
band.

9.  The method of claim l_wherein the step of selecting uplink transmission
frequencies further includes the steps of:

25 retrieving channel plan information including an indication of any usable
frequency gaps in the frequency band of the second system and an ordered frequency list,
wherein the ordered frequency list includes the preferred frequency for a given uplink
transmitter;

selecting an uplink transmission frequency in one of the frequency gaps of

30  the frequency band of the second system if available; and
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al I ocati on between the SPACEWAY system and the LMDS systemin which the
SPACEVWAY systemis all ocated a29.0-30.0 G4z band and the Eml %EN
: : : X

al l ocated a 28.5-29.5 GHz baind shealcBYM Kepitkd Nks operatin

LMDS receivers are pres
29.5-30.0 GHz band V\/nenever
258 of t hewel9S#H26B7pr ocess.
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shared 29. 0- 29.5 GHz band, the | i kel i hood of interference fromthese
uplinks is subst ant i 2 prpcessarGeupled to the uplink transmittar g the festeqmmunication on nay
al so be utiljspefhngl k
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Mz preferred transmission fretjuency for the transmitter is assigned based on the cell of the

second communication system in which the transmitter is located; and
a memory coupled to the processor and operative to store the preferred
uplink transmission frequency.
15 '
11.  The apparatus of claim 10 wherein the preferred uplink transmission
frequency is part of an ordered list of uplink transmission frequencies assigned to each of

a plurality of uplink transmitters in the first communication system.

20 12.  The apparatus of claim 10 wherein the first communication system is a

fixed satellite service (FSS) system.

13. The apparatus'of claim 10 wherein the second communication system is a
Local Multipoint Distribution Service (LMDS) system.
25
14.  The apparatus of claim 10 wherein the first and second communication

systems operate in a shared frequency band between about 27.5 and 30.0 GHz.

22 -
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channel bandwi dths with a flexible—servi-ce—offering of video, data, and

t el ephony. The 15 al |l ocat ed SR tSL N i d| Vi de into
segments. Traffic usage is not "s e FiISVSHEET, HASIBEEN o
LVDBEPLAGED i ber g

_ °5 oadcast
i ncl udes two-way nultiple access I
initiate and term nate comuni cat hub
channel s ar av@BU7tbt used all the time since the syst em WORFHUSIS/06A34 gned
for peak capacity during the busy hour with sonme specified

probabi ity of bl ggki nqheEﬁ%&t&'dr@t&ﬁna@wheem&:ﬁ:ﬁmkdﬁ@q@ﬂcﬂt@w ed |ist
of frequencies that is specific to the LMOS cell where he FSS

uplink is | ommd t(SG,dCb@f p pluradity ofwpdink trensmiters ipcatedin @mﬁ@f thgrseqond
interfere ;n woul d general 'y be different in each LMDS cell
such t hat rrulc?'f“fﬂugm f)% hks - could transmt in a given cell before
causing harnful interference in channels other than the one or nore
speci fied reduced availability channels for that cell

| npl enent&iti on of 1Phe TheapRamAwsSAislamdP whereinbe processaf ‘s|°HVé'|‘1‘t°|tBﬁelF{ﬁ?“ or may
not af fyphik %é%?&%ﬁ&ﬁ{f&rg SR upBARMAhshitRK SidERROAMWShbPaR t he
LMDS frequency plan service provider has the option to
tailor the i mslepweofithe segandsystefl heivvoyplinkiiransmitter wijkrot pptentinlly interferere et
the systemp rI qfr#%?gee Obj ectives. For inplenentations of the

FSS/ LMDS spec rh ot ocol that specify LMDS return |ink frequencies at the
begi nning 30 - of the order ed frequency list, the availability of LMS

return |ink channels begcones
17 10 WO 97/ gq:]ippratus of claim 10 wherein the processor is operative to select an

PCT/ US96/ 0603llink transmisiior Freqhiéhicy F6HAgiveNuplidly §drSiRtier bitSidé 8 Frbqudnéy BildioB @
mul tiple access channel . | nterference -
the second system if the given uplink is able to operate outside the frequency band.

18.  The apparatus of claim 10 wherein the processor is operative to retrieve
15  channel plan information including an indication of frequency gaps in a frequency band of
the second system and an ordered frequency list, wherein the ordered frequency list

includes the preferred frequency for a given uplink transmitter.

19.  The apparatus of claim 18 wherein the processor is operative to select an
20 uplink transmission frequency for the given uplink transmitter in one of the frequency

gaps of the second system if available,

20.  The apparatus of claim 18 wherein the processor is operative to select an
uplink transmission frequency for the given uplink transmitter from the ordered list if the

25  frequency gaps are unavailable.
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from FSS uplink transm ssions reduces the capacity of the LMDS return

| inks. Return | ink capacity can thus be traded for downlink LMDS

avai lability. Sone portion of the al | ocated LMDS bandwi dt h out side the
portion shared with FSS could be reserved for 5 return link traffic, to
ensure some nini hum anount of return link capacity. Wth the

potential foW?¥ ¥ ¥ erence on these return links in shared spEEUSR6034

systens, nethods of frequency assignment sinmlar to automatic |ink
transfer (ALT) or handoff used in cellular and PCS radi o systens
coul d be inplemented to prevent dropped '|f4l1s" due to the presence
of interference on a given channel. A possible alternative involves the use
of 10 interference cancellers at hub receivers, but would generally

i ncrease the system conpl exity. Each LMDS hub receiver
general ly has an intéf0f erence suscepti bﬁlﬁy zane ar ound it

detetmned fromthe ceculation for the mnimumrequired separati ¢4
di stance bet ween t and the FSS upl i nk transnltters SS upl i nk
is located in this interference—ze
the LMDS hub re

recei ver would @g %/ p
such t hat FSS upl i nks close
correspondi ng to one
downl i nk channel may
anot her LMDS channel .
~protocol for uplinks
provi der can bal ance
general |y does
instead only affects
The size of the.ldlerfer
receiver 25 can of~Xxoutse he
syst em desi gn. Possj bl e
transnmitter power af tNGEWORKDS
multiple direction hub _rece »
hub antenna woul d increage the return I[i Wl abttTty fpr sone users, it
woul d generally NOt-=i=pt-orre-t-fe-periforramnce-i i ons where both
the LMDS subscriber and the co- 30 frequency active FSS uplink are

| ocated in the main beam of the hub receiver antenna

b single
t145. or|

18
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PCT/ US96/ 06034 unl ess the increased |ink margi n provided by the

di rectional antenna increased the carrier power enough to overcone the
effect of the interference. Use of nultiple sector hub receiver
antennas would al so increase the return link capacity, allow ng operation
on a fredfRAGS Hifferent than that of the interfering FREWPIHAI3I5
Nunerous alternative enbodi ments within the scope of the appended clains
wil | be apparent to those of ordi naryiki Il in the art. .

FIG. 4
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1. A nethod of reducing interference between an uplink transmtter of a
first wireless conmunication systemand a receiver of a second w rel ess
canmuni cati on system wherein the second conmuni cati on system i ncl udes a
plurality of cells, conprising the steps of: assigning at |east one
preferred uplink transm ssion frequency to each of a pIuraIi%¥ R; upl i nk
transmitters WPOU#I% i rst conmuni cation system located in ceffF&USPooRy
second comuni cation system such that at |east one of the uplink
transmtters located in one of the cells4z§ assigned a different preferred
frequency than another of the uplink trannsitters |ocated in another of the

cells, said step of assigning including determ ning the cell or
cells of the second comunication systemin which each of the plurality of
uplink transmtters is |ocated, Fg@ssigni ng a conmon ordered
frequency list to uplink transmtters |I'oCatéd Tn the sane cell, and

storing the comon ordered |list of preferred frequencies for the sane cel
in one or nore nenory | ocat.i ops—aecessibie—by—up— k-t ansnmtters | ocated

in that cell; and sel ec ?ﬁg uplink transm ssion frkquencies in the
first communication3dstemin ficordénce w th the assigngkd preferred
frequenci es. 2. \A net hpd—ef—reduetnrg—-nt-erferenee] bet ween an uplink .

transmitter of a first Wrelegs3conmuni cati on system and] a recei ver of a
second wirel ess comuni cationfsystem wherein the second] comunication
systemincludes a plurality of—eets—eorprsthRg—the—steps of:

FN-1

FIG. 7
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assigning at |east one preferred uplink transm ssion frequency to each of a

plurality of uplink transmtters of the first commun Eﬁgng:ssmen]/
| ocated in cells of t second communi cati on system ‘c ‘Pe%l

of the uplink -720 - e%p u@a@s@APeRgggg

| ocated in one of the cells is assigned a different preferr requency

t han anot her ; of at R bk t, cells;
and sel ect f\'ng%lﬁpleldn E%t f%ﬁ;ﬁ%???f t&E‘E% r ef%%%?% eb%t%%fw%{n ?’Iﬁll}}ﬁ{

comruni taansmisyetreaf ian fdasdar ﬁianeéewstd:omrhmiaeatgmchyﬁ m?_ 5o aff@qelﬁmeres
wher ei n he stegB f sel tlﬂ%o l i nk transm ssi on fre uenC|' ¥ utt her

.includeg t ReSSF freless mgun&é?@ﬁﬁpnﬁﬂﬁ Gem yhg ﬂﬁﬁqjﬁg Bnchsni tter
wil | poasmﬁmﬁhExtaehe§§§£smmﬂ81ﬁa§s réf‘;ﬁdﬁ‘f‘arlﬂ:f Eecats ndcsaﬁwaaﬁgt%
systen and Sel ecting an uplink T ansm ssi on requency inside a
bandwi dehepé offie receiver if the given uplink transmtter, wild not.,

f d
Pﬁ%:p;g?LLzel%%gé%g%gagitgppﬁ E%%?E%eferred upfinEAtraAgﬁaéglgéaHCIng

frequency to each of a plurality of uplink transmltters of the

flrst communication system located in cells of the second
communication system, such that at least one of the upllnk
transmitters located in one of the cells is assigned a different
preférred.frequenéy'than.another'of the uplink tranmsitters located
in another of the cells, said étep of assigning including

determining the cell or cells of the second communication
system in which each of the plurality of uplink transmitters is
located, o |

assigning a common ordered frequency list to uplink

s

transmitters located in the same cell, and
storing the common ordered list of preferred frequencies
for the same cell in one or more memory 1océtions accessible by up-
link transmitters located in that cell; and
selecting uplink transmission frequéncies-in the first
communication system in accordance with the assigned preferred

frequencies.

2. A method of reducing interference between an uplink
;9 transmitter of a first wireless commuﬁication system and a receiver

of a second wireless communication system, wherein the second
communication system includes a plurality of cells, comprising the
steps of:

assigning at least one preferred uplink transmission
frequency to each of a plurality of uplink transmitters of the
first communication system, located in cells of the second

communication system, such that at least one of the uplink

- 20 -
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transmtter of a first wireless conmuni cati on system and a receiver of a

second W rel ess comunjcati on system wherein the seconow$f,;,-| qll
systemincludes a pl urblty of cells, conprising the g flbé 0}4

assigning at |east one preferred uplink transm ssion freqmmnﬁ%mg “aggg
pl uraljty of uplink transmitters of the first comunicati

in cells of the second communication system such that at |east one of the
uplink transmtters located in one of the cells is assigned a different

ffer
Bt hertor-tRar EEFY 16905 RR°4A6nl) o Er el e, AR LT (G LELRATRES

in the ;sresern@mrﬁneqaéney 8}iahe ahbt hedt FFdahee w11 dib e Bessdinede s ef erred
frequenci e sajd selecting_step including determning if a

gi ven q’%‘ke@rlaﬁsﬂ’ﬂ?‘t%ﬁrl fabhe £8ldger @€ outside a frequency bandI of kt he
second co el ect.in uplin
transm ssion %%Egﬁ Mg%tﬂsﬁcdggtqﬁgmflrses&l?gncffe@%e&lc%e$hJén s%%%g%lgflgt emif
the gi veommuymhickticansysterr ihsaskbedanceparalte the Hske ghed f;ﬁﬁé]ﬂ@ﬁﬁéfd band.

4. A malj__; hod of reducip g i nterference between an uplink
requencies, whérein the step of selecting uplink transmission

frequencies further includes the steps of:
determining if a given uplink transmitter will
potentially interfere with the receiver of the second.communicgtion
system; and )
selecting an uplink transmission frequency inside a
bandwidth of the receiver if the given uplink transmitter will not

potentially interfere with the receiver.

3. A method of reducing interference between an uplink

.’/

transmitter of a first wireless communication system and a receiver
of a second wireless communication system, wherein the second
communication system includes a plurality of cells, comprising the
steps of:
assigniﬁg at least one preferred uplink transmission
frequency to each of a plurality of uplink transmitters of the
first communication system located in cells of the second
communication system, such that at least one of the uplink
. transmitters located in one of the cells is assigned a different
H} preferred frequency than another of the uplink'transmitters located
in another of the cells; and |
selecting uplink transmission frequencies in the first
communication system in accordance with the assigned preferred
frequencies, said selecting step including
determining if a given uplink transmitter is able to

operate outside a frequency band of the second communlcatlon

=20
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transmtter of a first wirel ess conmmuni cati on system and a receiver of a
second wirel ess communjication system wherein the second ¢o nication
systemincludes a plu ity of cells, conprising the .ep §

assigning at |east one preferred uplink transm ssion freq ﬁée%ﬁé gl‘éﬁo-l
' ha (boa

plurality of uplink transmtters of the first communicatio
in cells of the second comruni cati on system such that at |east one of the

uplink transmtters,l L. cal ls: | ' a.dLLkaLe

preferred fr equencsélte%g%h%ghg%&gp@{ ﬁtexjégiﬁc’ﬂﬁnissltérrgn%?né#t ergyl 8@%%%?% %the

anot her febqukacyebbad afithe secoaldesysngmupt i ke tgiaramusdiiotk foregisenicitese | n
ni cati on systemin accordance with the assi gned frequencies,

the first
thg Slt regsogggg}-léa PRETENS PRESises BhesifReyanmierRaRe: further including the~

steps of: retrieving channel plan information including an indication
of any usable frequency gaps in the frequency band of the second system and
an ordered faeqaemerhaodsivf weduming Hatrrshde doeewegn | ant upidhkdes t he
preferred fre ueg&y for iven uplink transmtter; tin

(ol | k. EFERSTLEEROF o aths VL SDRE S0 OB P BLIER FYEEAT SR P aSSH R cy
ooy SV, GRS AR G Syorenf URSLLI eheabioha
unavai | abmemnication system includes a plurality of cells, comprising the
steps of:
assigning at least one preferred uplink transmission
frequency to each of a plurality of uplink tfansmitters of the
first communication system located in cells of the second
communication system, such that at least one of the uplink
transmitters located in one of the cells is assigned a different
preferred frequency than another of the uplink transmitters located
b in another of the cells, and
‘selecting uplink transmission frequencies in the first
communication system in accordance-with the assigned frequencies,
the step of selecting uplink transmission frequencies further
including the steps of:
retrieving channel plan information including an indication
of any usable frequency gaps in the.frequency band of the second
system and an ordered frequency list, wherein the ordered frequency
list includes the preferred frequency for a given uplink
i, transmitter;
selecting an uplink transmission frequency in one of the
frequency gaps of the frequency band of the second systeﬁ if
available; and
selecting an uplink transmission frequency from the ordered

list if the frequency gaps are unavailable.
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5- An apparatus for reducing interference between an uplink transmtter of
a first wireless comugi cati on system and a receiver of condg\n re/ ess
comuni cati on system e second comuni cati on syst e 6t@3 Ll'
of cells, the apparatus conprising: a processor cou
transmtter in the first conmmunication system and operati
uplink transm ssion frequency for the transmtter fromat |east a preferred
transm ssion frequency assigned to that transmtter, wherein the preferred
transm ssion frequency for the transmtter is assigned basedlon thg cel | of
t he second nication s emin.which the transmtter is |ocate
nenory coupﬁggqg% ?R%aﬁ?%%% oF Eﬁﬁuﬁbﬁga?PE%rF§r§PSFebFHEeﬁPeﬁérHQ&%H& |nk
transnitsSEmimit ESHAE K, £ 8PSt wirel M8 Rinndd 41« % “ceknsagaeé 3d V€ $ &
retrieve channel plan information including an in tion of frequency gaps
in a fr%fq@eﬁéyobdn*dlmltm Ommumca@:cmnsamtean bhdesmbﬂ?emnmmdatsiorl;t hE
ordere e I ncl referred uenc or a given uplin
t r ansni éé%ﬁ?fﬁ@iuétpgT%épg_ %f%f%so fcﬁigﬁnrg gPB?ﬁ FHE FPBRESSIMG s
operative t G SetEEésSSr %mﬁre&r@asahéShﬁmlﬁkeefsﬂgmlﬁeért 18 GhKeR iy N«
transmtter in one of the frgguency gaps of the second systemif available.
7. The %Wrax%tmn@mtmnsa ePperative focedewt an wpkink mumﬁsmﬂﬁm an
upl i nk requency for the_given link transpitter, fromthe
or der edf'tﬁI @;éﬂ?fﬁ f"r*é%u%ﬂ% '&Jatb"se’érggﬁﬂa‘?}ﬁl &BfE. @ preferred
transmission frequency assigned to that transmitter, wherein the
preferred transmission frequency for the transmitter is assigned
based on the cell of the second communication system in which the
transmitter is located;
a memory coupled to the processor and'operative to store the
preferred uplink transmission frequency; and.
N wherein the processor is operative to retrieve channel plan
information including an indication of frequency gaps in a
frequency band of the second system and an ordered frequency list,

the ordered frequency list including the'preferred frequency for a

given uplink transmitter.

6. The apparatus of claim 5 wherein the processor is operative
to select an uplink transmission frequency for the given uplink

transmitter in one of the frequency gaps of the second system if

available.

N

7. The apparatus of claim 5 wherein the processor is operative
to select an uplink transmission frequency for the given uplink

transmltter from the ordered list if the frequency gaps are

unavailable.

o
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