WD 2005/ 029729 PCT/ US2004/ 030963 1 M XED REUSE OF
FEEDER LI NK AND USER LI NK BANDW DTH C ai m of Priority

waoie@sn2829 U. S. C. 119 [0001] The present Appl i cBECT/OR20040030963

[0001]

[0002]

[0003]

[0004]

Patent clains priority to Provisional Application No.
60/ 506, 102 entitled "M xed Relise of Feeder Link And
User Link Bandwith" filed Septenber 24, 2003, and
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of Invention [0002] The invention generally relates to
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15@5 #%d y ro¥ed gﬁm& 1 provide conmuni cations

V|r y “any . Satellite systens can al so be
conparatlvely |nexpensive because very little

| and- based i nfrastructure fo exanpl e,

t el ephone |ines and celﬁﬁ$g$£5ﬂ9£$qq IS needed to
cover very large areas and/or very |long distances.
These advant ages nake satellite systens ideal for a

L Hieldefringengionf appl i cations, including high speed
data communi cations and/or w rel ess broadband access.
[ 0004] However, a nunber of challenges still need to
be OVEKE piventich péRydlbiercdatedicewiefeks communivaton eyétahk eand more

satellite based data conmunication service. Flrst of
pATliculgyly [t Wircless CORYBYRIBREOTF systens eApIQying Muyltiteany satellites ad

%%%ﬁq&anéauﬁd%ﬁwt ationary orbit to cover a service

€ Sl ze a large country, a relatively large
nunber of beans, in the range of several tens to a

f ew hundr ed, ul.d Q required to achieve a desired
9 acity. These beans form
tightly-packed "cell" patterns to cover the service

area to service a large nunber of users. Such an
appr oAcdatetlite a¢cetves atségnab&mm p ttapsthisier aiceneyiocation and forwards the
stzlglga {59(/) é?é%%eg? 403}%2%84/ gga 1?0%2 Bgy g:[()Jg 1ng3u%ﬁ1iaglsf &ff sateﬁltes satellite

é}@{eﬁ{sfc,%h%‘@ﬁdéeﬁﬁﬁmhﬁcaﬁ&m virtually anywhere. Satellite systems can also be
comparatively inexpensive because very little land-based infrastructure, such as, for
example, telephone lines and cellular towers, is needed to cover very large areas and/or
very long distances. These advantages make satellite systems ideal for a wide variety of
applications, including high speed data communications and/or wireless broadband
access.

However, a number of challenges still need to be overcome to provide a more
efficient and reliable satellite based data communication service. First of all, while it is
possible for a single multi-beam satellite in a geostationary orbit to cover a service area
the size of a large country, a relatively large number of beams, in the range of several
tens to a few hundred, would be required to achieve a desired communication link
capacity. These beams form tightly-packed “cell” patterns to cover the service area to

service a large number of users. Such an approach creates inter-beam interference



kept to an absolute mninmum Therefore, there is a
need to address the inter-beam interference probl ens
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Enbodi ments di scl osed herein address the above stated
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return/uplink in at least a third region.

In another aspect, a method for receiving uplink transmission at a satellite in
which forward/uplink and return/uplink portions are assigned within an available
frequency bandwidth comprises dividing a service area into multiple regions, and

receiving the forward/uplink and the return/uplink signals in a mixed mode assignment



of the avail able frequency bandwidth in the nmultiple
regi ons. Receiving the forward/ uplink and the
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[0009] In further aspects, an apparatus for a satellite communication system in which a
forward/uplink portion and a return/uplink portion are assigned within an available
frequency bandwidth may comprise means for dividing a service area into multiple

regions, and means for shuffling the assignment of the forward/uplink portion and the



regi ons, and neans for shuffling the assignnment of the

forward/ uplink portion and the WO 2005/ 029729
w8204/ 030963 4 return/uplink portion in BPEEUS2004/030963
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refer to |ike elenments, wherein: [0011] Figure 1 shows

Flgure 2 shodtictit DESKHIHZPSORCRRB/DERT GRS
anong different comrunication [inks; [0013] Figure 3

shows an exanpl e beam pattern in a nulti-beam ‘
[0010] sat el Vartoms eorbodiméntswilbbe desctibed in] dpoaik yithirefigreace tosthg fgllowing

ow a bea tern coul d be, proj d X
SRnes Tor Bisn e FeRsRee afmaHhRL IR Ot
[0011] CONMMMbGALI POwS ¥h eRMpISisigllide chmufichtioh Oftesgt el | i t es;

[0016] Figure 6 shows an exanpl e division of % )
[0012] bandWiigus 2moheweli &1 caxample BRI Cht R ohandwigth; gmeng  different

c%urﬂrﬁﬁﬁ'?a‘?%ml&%;el lite conmunication system

[0013] Figure 3 shows an example beam pattern in a multi-beam satellite

communication system;

[0014] Figure 4 shows how a beam pattern could be projected on the CONUS;

[0015] Figure 5 shows an example multi-beam satellite communication system using a
plurality of satellites;

[0016] Figure 6 shows an example division of a bandwidth among different
communication link in a multi-béam satellite communication system;

[0017] Figure 7 shows an example method for implementing a shuffling scheme;

[0018] Figures 8A and 8B show examples of shuffling schemes;

[0019] Figure 9 shows another example of a shuffling scheme;



[0017] Figure 7 shows an exanple nethod for
i npl ementing a shuffling schene; [0018] Figures 8A

waras8B7ehow exanpl es of shuffling schenes; [ 0RABS2004/030963

[0020]
[0021]
[0022]
[0023]
[0024]
[0025]

[0026]

[0027]

Figure 9 shows another exanple of a shuf 1 i ng schene;
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mlbbveconcasfemlmhoa:@mqmem qiderzpfithg apesaions nabeiecmranged. A
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cel lular tel ephone Wi rel ess handset a wre ﬁ
pﬁnda teafanGtions ¥s gripgnation CRHBINY dg o B Gy %ﬁ e function to the

%?ﬁﬁ &?&d&r{héﬁfaﬁ{ io?¥ nobile radio- tel ephones.
erno

re ferm na‘l’1 may be hand-hel d, portable as
in veMoﬁdo&ems ntisetbsed herein, a terminal is adapted for communication with a

satellite, and may be one of a plurality of different types of fixed and mobile user
terminals including, but not limited to, a cellular telephone, wireless handset, a wireless
modem, a data transceiver, a paging or position determination receiver, or mobile radio-
telephones. Furthermore, a terminal may be hand-held, portable as in vehicle-mounted
(including for example cars, trucks, boats, trains, and planes), or fixed, as desired. A
terminal may be referred in as a wireless communication device, a user terminal, a
mobile station, a mobile unit, a subscriber unit, a mobile radio or radiotelephone, a
wireless unit, or simply as a “user,” a “subscriber,” a “mobile” in some comrmunication

systems.



(i ncluding for exanple cars, trucks, boats, trains,
and planes), or fixed, as desired. A termnal may be

WO efosneeed i n as a wirel ess comuni cati on devi CECT/HS2984030963
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wthin beam1 i ncluding a gateway. 180 and a nunber
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net wor rou satellite 120 and gate 180. [00
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Whidh Wﬁnod:ukdes neigndigs tmngnated froansgitewad 18®nosaatsllitet 420. A

120 to gat e\/\gg
return/downhnk which includes signals transmitted from satellite 120 to gateway

180. A forward/downlink 160 which includes signals transmitted from satellite 120 to
terminals 130 in beam 110. A return/uplink 170 which includes signals transmitted
from terminals 130 to satellite 120. Accordingly, forward/uplink 140 and return/uplink
170 together comprise the uplink, which includes signals going to satellite 120.
Forward/downlink 160 and return/downlink 150 together comprise the downlink, which
includes signals being transmitted from the satellite. Similarly, forward/uplink 140 and
forward/downlink 160 together comprise the forward link, which includes signals going

from gateway 180 to terminals 130. Return/uplink 170 and return/downlink 150



180. A forward/ downlink 160 which includes signals

transmtted fromsatellite 120 to termnals 130 in
whemsid® A return/uplink 170 which includes BCTIS1084/030963

transmtted fromtermnals 130 to satellite 120.
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portion 260 and a return I| 270. Boun
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pom%lgﬁtkbn system 300. In system 300, satellite 320 divides its service area 310

into multiple beams 330. Each beam 330 is similar to beam 110 of Figure 1 in that
beam 330 may service a number of ground stations, including potentially many
terminals (not shown) and possibly a gateway 350. Multiple-beam systems can be used
to increase overall data capacity through the system by reusing the available frequency
bandwidth.

[0034] In system 300, service area 310 is divided into 24 beams, wherein each beam

uses approximately one-third of the available frequency bandwidth for the return/uplink



[0035]

[0036]

may be set based on the needs of the system That is,
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numbers of beams may be used depending on the type or capacity of signals being used,

geographical regions to be covered, number of terminals to be serviced, power
available, frequencies available, and other satellite or system design constraints known
to system designers. Accordingly, there may be frequency reuse schemes, other than
the example shown in Figure 3, that use more or less than 24 beams, wherein each beam
uses more or less than one-third of the available frequency bandwidth. In addition,
gateways 350 in system 300 are in beams labeled “3.” However, the location of

gateways 350 may be changed without affecting the operation of the system. For
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Satellites, such as satellite 510 may be placed into one of a variety of orbits, for
example, a low Earth orbit (LEO); a middle Earth orbit (MEO); or a geosynchronous
orbit (GEO), each having well known or understood characteristics. A geosynchronous
orbit is sometimes referred to as a geostationary orbit. For example, a geosynchronous
orbit may have an orbital period of 23 hours, 56 minutes, and 41 seconds, which has the

effect of causing a satellite to appear to reside in a stationary location above the surface
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equi pped or configured to project NNm beans to a
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Typically, frequency reuse schemes are considered and well known for application
within either the feeder links or the user links. Reuse schemes such as 1:1, 3:1, 4:1 up
to 7:1 are well known. Particularly, 3:1 is a desirable scheme for either the feeder link
or user links separately and have been applied to terrestrial systems for many years in

the cellular industry. However, the shuffling scheme as described below mix the

transmissions of user links and the feeder links in the same spectrum allocation. This
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Jﬂi‘ﬁk%d@fﬂtﬁ% RGdEEnl BEd BABS Lder link. As shown, in a first layout, the
forward/uplink is assigned to the first half and the return/uplink is assigned to the
second half of the uplink bandwidth. In a second layout, the return/uplink is assigned to
the first half and the forward/uplink is assigned to the second half of the uplink
bandwidth. Therefore, two layouts or a reshuffling of two can be produced.

Figure 8B shows an example shuffling scheme for one beam when the ratio of
forward-to-return bandwidth is approximately 2:1. Namely, approximately 2/3 of the

uplink bandwidth is feeder link and 1/3 is user link. In such case, the forward/uplink is
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l%youtabase(} on how the service area is divided. Figures 10A and 10B show examples

of service areas divided into four regions. For service area 1010, the first and fourth
regions may use one layout while the second and third regions may use the other layout.
For service area 1020, the first and third regions may use one layout while the second
and fourth regions may use the other layout. Here, if three layouts are available as

shown in Figure 8B, two of the four regions would use the same layout. For service
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f : eqdéme AEuises segiarethen there gy a@?\)ﬁiﬁ@és’tth"él aﬁF‘i pf layouts
n eRn,t

BT By (S BRrMET B (R e oo s

Iﬁi'fomnancbnnadé iand otHeakoown cemttire aFohesntiie when three layouts are

for plink_assi to the first half and .th

B PP SLEBABCE B eSS BIRIeRAR g icg i frst layout and
tﬁé’ @ih'e@@g?orpﬁ‘l'él?\’MSQEﬁé Wby & thihe Tayr) cﬁko&%?l dhdy udelthé second
second [fayout; each beam has the return/u
lagait gd ¢k oﬂaet pegiorf inag tust def firghelr thire lammﬂ¢1d¢n@pnegm may use the

IR B SR LRy AT AR, o o

| ay outterdtord l{b@ﬁ:ﬂlt@@é) t Baeway()e o ttediudl{d)i y@rate hen@seive and/or
may be used in the nulti Ie re ions of a divided

tpappiteienalsaa. a mixedepss ofit leefgff%‘ﬁ%(‘yofl\’jloﬁ‘ep%?w%% Figure

ﬁr s%%\x;s Qﬁrkxtd&?fe m@{h%d q\ipﬂ) lu?é?f for k@%ﬁh’ﬁgﬁu IﬂFJ ﬁaﬂs :}ﬁ'ﬁlcﬁf‘zﬁ a satellite
on ‘na ayout. For exanple, when

1h asymuh sfoawed/aphnlt ahﬂ eresn/splmknpomioRs grer essighed amfchmw available

o oS58, e L0t 9hob aY Sk a2, S6anS 11585 g st
&%ghf N§he FOSArd/NFATM he rié‘ﬂun’f/@ﬂirfknﬁ ghAY aldSifie® !récei%d (1120) by

irst layout” or the second " | ayout based on
thé eatsléita/based an esshiffledi agsigadentkif ghe acilabla fm@ellwa@ﬁwwth in the

| es. reas . fivided into four re
PP REE: P BEAD, O EER oL FHQY ARPm Mot B GRS for uplink
PR MU RNOREm! @)g%‘eétwamh' ®hich Foseaan@liar Goktdd ¢ ﬁs@@n@@&mthm an
may use the other layout. For service area 1020,

th
szarl@ﬂe fraquanely rb@nql\@giﬂo nkn method 4200 e seayise ArogAs plso flwe:ded (1210)
con and .f our t r

uﬂ Hle tr?'ﬁl% | Igﬁ% é?%kﬁ%?ih%lséa eaggg)t Hﬁ fomélrﬁ}‘htphnk signals
lﬁhr@k{ €irsB ﬁ:eqﬁcﬁ@ydfanﬂ hetht @utewaggs NS fiveo mégom%dttMSmﬂs‘r(ﬂZBO) the
| ayout. For service WO 2005/ 029729 P S2004/ 030963
fopvarphiplink signalsising # 8¢cond dreflBency bap g‘P HIVIg Secovgple, if the
gzﬁ]gvatwfs i fegbﬁ’&@egw the gat%}ﬁ v MRGRY brandiit lt}?e fo'i‘@ard/uphnk signals

enalnlng ayouts -aré asSigned respectively to

ustpptha ise@nd dgiqaascy HaB05 Biirthdrmions Fegue 430@ sis)wseegmcﬂnsd 1300 used

han_there are, avail abl e | ayouts he ] . .
ﬁtoawyp transmission from a terrmnXl }'In Wthth rer%ur%/usp(fltnko;f)omon is assigned

within an available frequency bandwidth. In method 1300, the service area is divided
(1310) into multiple regions. A terminal then transmits (1320) the return/uplink using a
first frequency band if the terminal is in a first region, and transmits (1330) the
return/uplink using a second frequency band, otherwise. For example, if the terminal is
in a second region, the terminal would transmit the return/uplink signals using the
second frequency.

It should be noted that the satellite, gateway and terminals would be

implemented with a machine readable medium and a processor, as well as other known



[0053]

[0054]

[0055]

may be selected fromthe available |ayouts for the

regi ons based on the system performance, needs and
worhs2Reopwn constraints. For exanple, when thPEEUS2004/030963

| ayouts are available as shown in Figure 8B for two

regions, one region may use the first layout and the

ot her region may use the second or third l[ayout, or

Eﬁ%ﬂ%ﬁ 'ogfogf'é ¥ S SpdciSe FRAMIL 110843 oé?z?lédtﬁ RisbShethods 1100,

126WARN J0BYmEK Be Lk fot Bingld He@ﬁmyﬁteﬁﬂﬁnﬂhmlatﬁmm syetgmsn Finally,
may use the first or second | ayout. [0051] Therefore,

assams} fareaaple. Gat & AREyIcs PreaRIPPIaH Madesyr YIS aYIE-hegm' satellites

11ﬁ06%¥§U$ndlor transmt signals in a m xed reuse of

Y& abl e frequency. Mre particularly, Figure 11
showgigiie &4 stiplsea sirtphified bIbOR disgesin HHther@RNDSi dqgnderbmtqn foultiple
transmssmn at a _satellite whi ch f.orward

rasions, ebarn ot PALUS & epvstiet by 585 ratd Saoerphiay Mvided into
tﬁgékégﬂs%arﬁélf QK& Eé’ntﬁf’l’%ﬁ&"eﬂs&rﬂeglbﬁh &lsb, Ctﬁeréh@@lS gets of 3 beams,

service area divi ded (1 into nultl i ons.
ﬂhhmﬂo reselt dfisgle,nkircle ohntdhslua@t @rm/amnedka spogﬁm %aﬁh@ available
then received (1120) b

SEAURPT- odh LS Gh SOROrt oS S0 P apioctor <R Efl et and inbound

tlké?f'ikd W'I‘H’é BateWaydfre thatl EloRpe&d, fsﬁ@ht@ﬂﬁmesiﬂ% kter Wyst rEgignirtee central
shows "an exanpl e nethod used for uplink

rcglam@nd dht onst ffﬁgimla I@@Péhﬁ;g%%mm,mw, fleF GEaEplgoPs fpcated in the
Rems et R T O Bfoﬁloﬁwebé‘}ﬂ{ bt i dsBINARAN the art that

|ce area is also
the \doU'S(dahl 6 colvélted mﬂgt apdiffereagipatiem (mbegas emé/pr a different
then transmts (1220) the formard/u i nk gna
digsing. alnf pdditiory, rtba Statcbs FoYarRs b&tae&ﬁtf’ A2 Ribgr of beams
a%hfo?ﬁxﬁ@e%'lﬁ{bmgféq)rtlés@gééfbﬁss (1230) the forward/ uplink

S using a secon requency band, otherw se. For

ex athgurel 15 tliwews gt mgrumsasslgnmegtscﬁqﬂler ‘élgﬁreorpglqme when three
gat enway

) dt mt the.f
Rt Db B et P VR R BORRLG e vt and
} &ﬂwﬁ & tH@td@'ﬂﬂk 12A@widse dhilkohe lté)Jnhﬁiﬂs ttFaARHIT Wigothe third
rom termnal i'n which return/uplink portion is
mstsomg e dhe véntial region, dhapitawhys Tansqievne Brdwt achthigdwhile the

nmet.had 1300, the servic a i 1

tRpipR |tgm§ré18|tg}&g K ﬁﬁ%?lﬁ rﬁort’ h%ntﬂ% r gﬂgg n‘ig]tO('l %%3%36 ‘ﬂ{}ﬁ transmit
UsBieUhe/ deRbhd knd! $hif@ vahilef the Sérofinslquement bsing thé firdteportion. The
termnal is in a first region, and transm.ts 13&0) .
stchgne ﬂ]é@\w fgruapqmqﬂ@r ggmﬁgt t@é@@rﬂ}lq p@gﬁ;éﬁ@?‘ceg&w& e combined set
(%I e%a W yS &ans'rzl%su?lﬁ e{?arrrx]niﬁlg} st | Png{t H?mr?r: ttﬁel¥ i &pBetive geographic
lmhu [duati@ﬂsl itko shgnelghbosing gattehﬂee sgeeinn Withay Lﬂarscscheme the net

[0052] It shoul d be noted that e satellite, Qga
raﬁ@tqdweﬁ RICSugss PR QST FR)P BREHIE SSAF CPPC U o ore from 18
dir d %o Ad1@Bighbor satellit

?&{?% ‘%g@‘;‘gﬁ%@z‘é‘ %gﬁ&%%%owésraﬁﬁ{é %o ighbor satellite
system. Hence, by using the spectrum shuffling scheme, with less total power radiated

up to the neighbor system, allows for an increase in power for the terminals while still
meeting the FCC required off-axis power limitation.

By mixing forward/uplink and return/uplink transmissions across the available
bandwidth of the uplink, a more efficient and effective transmissions is achieved. Both
gateways and terminals can produce transmissions throughout the full allocated uplink

bandwidth, thereby reducing the net level of allowed off-axis power levels generated by



PCT/ US2004/ 030963 el enents, to performthe respective

met hods 1100, 1200 and 1300. Al so, nethods 1100, 1200
w@e@sA30» may be used for single beam systens BETUS2004/030963

mul ti-beam systens. Finally, assume, for exanple,

that a service area supported by one or nore

mJItl -beam satellites is the CONUS. [0053] Figure 14

o) li .
he tv&g%le F)?sltéﬁ? "I‘eI jnzg%,] gﬁg gée@% ﬁ? Q%B‘éf TasIT @%ﬁ‘é‘ oﬂ)‘g&%r levels,

1osh11DEa iv6 h@glﬂr mramﬂhgreabi yaphcixy dedweltas moky efficient use of the
regi ons, nanmely west, central and east tr@é ons

alloertel Bpetrm. SRS leafs 19 MgrBowes gl opners ttmlaﬁl@ 3§ 2 group, .
QK t]?é(fca%%‘ﬂsﬁu@ﬁ ﬁ&' SaefoR cgﬁfntuhﬁ rbo@xfer 18Is to 1mfrove the
avai | ab S ectrum gat eway supports "each of th

s@tab td avise mathm andvellr &f the ddagnchte, rﬁpeo;mad efﬁ¢lalﬁcf}4 and Tapacity for the

a%&tg{%\/\?gép &ngg’ r oupe OWE@)éSn%OénBO I nt : ‘iekk?%MA uplink

t%%ﬁussfoﬁ%%fcﬁﬂ@éﬁerﬁ@éﬁs ilpfovexanpl e, be | ocat ed in the
beans represented by the circles. It should be

[0056] apparlﬁmhetmomhbsbowldi ibk [neted; that ﬂilé eaphodithents dessibedbsye may be

RSP 5, FArAFEES g ARy D53, or am

d‘oﬁrblmloﬁouﬁfem byWwhertli ifripsngited umb@nfmtre bfianwareandiddieware or
di vided into nore or |ess regions. 0054] Fi gure 15

wissaeode.he pRrasun Aol 95 PodmisgmenisiomEorm the necsgiagy fasks may be
: b or at

S\%}SH 11;1h2[ ?ﬁachﬂn@y@%f&a%l@%&dﬂl\sﬁ?n'(%&uéslﬁ)ﬁvéﬁt HA rcégtgéltan 1ay perform the

mesmq/ tagkst 140 nodH seihrentiphy rdprdimnﬁawpwcbdumb,l 4 Binttien, a subprogram,

termnals transmt u5| hethign %ortlon In th &

R EIREH ACOE ¢ HEDGH ety Sltn it AT TEHE: 3 iggs: or any
&ﬁ’lﬂ)lﬁeﬁioﬁ%ﬂ"ﬁkﬂr&t%ﬂ? dhL5MRALS dr' B8 stdhddtst D& code segment
second portion. In the east region, the gateways
mepbenidupladstongnaether sedeosagneent! o He herdutsics eirewie by passing and/or

termnal _.transmi usi e firs ortion. The

SETAE PRIl s, PO RiseS OF poiry Qg iEGimation,
draeknahts dpAUmbREs, CRIDIRAE dnSebe Mbscdaferayddd dpSRnsMit@dSvia any
and termnals transmtting fromtheir respective

spélabjeappans inplding) wemoo Akaring; mestagerRAsHRBOIkAR passing, network
sat el. | lte tsystem Wt hout this schene, the net
tlr%ll]&fné TER 58\/\/er produced by the termnals fromthe sane

[0057] SPect Thefefovs)thél feegEing eaibodBnenie a heredyt exasplendnd are not to be

result in a nore net power radiated i nt 0 nei %hbo,r
ensianed aselimigipgrtheinveanee, The dessTigon fe &@Qﬂd s 15 intended to
?éqﬁlgu#rétm §Iﬁ(€ﬁ&eto 1¥hit e s%%? Bpf}% claerad adhalRdhreddht teachings
nei ghbor system altows for an increase in
owbe feadily happlerdnito abthemhlypes sifi lapparatesgsi ragdt henfCalternatives,
quired off-axis po imtatio Xi ng
11‘\%3?%9% p?r}qw‘f@né‘ﬁagﬁ' @ﬁt‘?erﬁﬂh’ﬁ ke fg?%?g(ﬁf gj]slp %4{%0 r 0SS
the avail able bandw dth of the uplink, a nore

efficient and effective transm ssions i s achi eved.
Wiiahis claimed is:

(l).-l(l)




gateways and term nals can produce transm ssions
t hroughout the full allocated uplink bandw dth,
wao bh@seyr2e educi ng the net [ evel of allowed of fPERIUS2004/030963
power |evels generated by WO 2005/ 029729
PCT/ US2004/ 030963 15 the whollé system Terminals al so
receive the benefit of raising their power |evels,
resulting in higher SNR anﬁL ter capacity as el |
as nore efficient use of t Iocated spectrum This
| eads to hi gher power allomances for the termnals, as
a group, such that they can transmt at higher and
nore opti nmum power |levels to inprove the signal to
N1 s§, a%lraes% oﬂﬁlldm&%ioﬁ Pgsttgﬂt Pmb@b8 in WARALL f&"ward/uphnk
eff I ¢l ency capacl he system Accordi ngly,
;ﬁ)y@dlﬁatﬁdmemaflﬁnﬁmphﬁbpémbn bretdssigmidwihio aGRVAlalpe Fraguency
transm ssi on wavef aorm schenes is inproved. [0056]
bapdwideh. 1 method SRBBRFENEe noted t hat the enbodi ments

desc rdl@ﬁﬂlg??&l‘ﬁc%a Bfo niu'I'ﬂiﬂl@ R Iandy hardware,

sof tware i rmwar e, m ddl eware,” m crocode, or any

c onbishaffling thelrssigmhent\Wf gre ﬁonw)fllréhwhtlb Qottwngmﬂttkme@m/uphnk
fi rmNarE ware or mcrocode, the program code
ROFUQLg %M?Eegl“ﬂlsperformthe necessary tasks may be
stored in a machi ne readabl e nmedi um (not shown). A
processor erformthe necessary tasks. A code

X egnekhe maBJAOd @Emg@ thi wberpméb@ﬂh%theélmflaweﬁmcfﬁmpalses

subprg [

modul ag ggmgoaft?}agi';r%ﬁ%g@k%aglg 8 H{ecfpg\gzgal@ﬂﬁﬁ 9t b B€&ond frequency
Baadho firtreifn/oplinknistat least afist regﬁinaam ructur es

program statenmgnts. A code C I ed t

ot e Ep a<ha Bgiikgusey R ge e ipbaR i f) ek 8 Sedngd egion.
and/or receiving information, data, argunents,

par ameters, or menory contents. |Informati on,
3Ar guITEiRt methpd oé ki 2swherainsshuitiog thn:sa,ss@mnpmsfgéuer comprises:

f orwar ded, smtte a a e

incl Lﬁfpllgﬁl%hf)flgﬁt gfﬁgﬁlfinﬁ& g%@%‘ﬁ% ‘H}% it % S{E@EPﬁmk or the
ﬁﬁ&/‘u § . ssion, etc. [0057

ﬂ'% ere Pgl’rﬂéu{?%%&%‘r%trhélgoﬂéggmenbodl nment s aEe ma]r ely

exanpl es and are not to be construed as Iimting the

bt enfisetsed B e g Phidi Burlig RS RER fythd comprises
SCOpeasef, gnlﬁ ®iradiffuedy babid o elfH&ﬁ ofd etaa forinead/bplivdksor the

can be readily applied to other types of apparatuses
whun/ephigk il atdeashe pereBd regidi f i cati ons, and variations

will be apparent to those skilled in the art. Wat is
claimed is: WD 2005/029729 16 .
5. The method of claim 2, wherein shuffling the assignment further comprises:

assigning a third frequency band to either one of the forward/uplink or the

return/uplink in at least a third region.

6. The method of claim 1, wherein shuffling the assignment comprises:
assigning a first frequency band to the forward/uplink and a second frequency
band to the return/uplink in at least a first region; and
assigning the second frequency band to the forward/uplink in at least a second

region.



CLAI M5 PCT/ US2004/ 030963 1. In a wireless
communi cation system a nethod in which a

w0 ooodmeadsupl i nk  portion and a return/uplink pPCT/US2904/030963
are assigned within an avail abl e frequency bandw dth,
the method conprising: dividihg a service area into
mul tiple regions; and shuffling the assignnent of the

for d/ upl i Qrti ad . j P OB -
i ¢ e Rl e sl the b M o P
wher @igterfihi el sebghdtfreuassi lgndentitien ope bf the forvasd/uplmingr the
a first frequency band to the forward/ uplink and a
refandeniinkip gtisaty thiEhEESt®- t he return/uplink in at |east

a first region; and assigning the first frequency band

to the return/uplink in at |east a second region. 3.

8The mikhodhaf oftdlgime, yhendie skifflingthé hésigngnent further comprises:

assignment further co i ses:..assigning.the firs

fr eq@éﬁ%&%lnﬁérﬁl&}r‘?r | e@*&ﬁaﬁ% e&?ﬁft%%?&%%w?f el op e
rétﬁﬁ'ﬁl(l)plfn‘f(tiﬁraf‘feﬂﬁlds@!foﬂdr}egbnj east a third region. 4. The
nmet hod of claim 2, wherein shuffling the assignnment

further conprises: assigning a third frequency band

to either on f. the forwar i hk o e
S et ury PP of i &g SRl 6 okt furthgy comprises:
met hqgsighing laahitd Bequ¥iey Bardl Bkithéd dmeftiefoaw sidgpitakor the
further conprises: assigning a third frequency band
retyrdiplink inghteagfa thiid 1¢889%war d/ upl i nk or the

return/uplink in at least a third region. 6. The

nmet hod of claim 1, wherein shuffling the assignnment )
100NpritRagethodesilgin howleeréinrths wirckesuememuhigattbn gysteteis a multi-
forward/ uplink and a second frequency band to the

heamy GORYRWHFAION SYSEN- | east a first region; and

assi gning the second frequency band to the

forward/uplink in at |east a second region. WO .
12005/ ARTA0s fof aRGTY¢sS200aDBRE 6B systen e witohipogrward/uplink

claim6, wherei huffling the assiannment.
R Pk o Bl Prigor A sbEDrE N PR aNe gy
tahliRelth, AR afffardthecdprivaigd/ upl i nk or the
means for dividing a service area into multiple regions; and
means for shuffling the assignment of the forward/uplink portion and the

return/uplink portion in the multiple regions.

12.  The apparatus of claim 11, wherein the wireless communication system is a

multi-beam communication system.

13. A method for receiving uplink transmission in which forward/uplink and
return/uplink are assigned within an available frequency range, the method comprising:
dividing a service area into multiple regions; and
receiving the forward/uplink and the return/uplink signals in a mixed mode

assignment of the available frequency bandwidth in the multiple regions.

14. The method of claim 13, wherein receiving the forward/uplink and the

return/uplink signals comprises:



return/uplink in at least a third region. 8. The
nmet hod of claim6, wherein shuffling the assignnment
WO eooslza72conpri ses:  assigning a third frequenkyT/bsavd4/030963
to either one of the forward/ uplink or the
return/uplink in at |east a d8cond region. 9. The
nmet hod of claim6, wherein shuffling the assignnent

furt .conplr | , L gni [

o el EFaf RS BFourABfgh S3hAT ok g AR ik e
ek aplinkphsinka sgzond freq@aaty baddinrad ldasto fist reglbn; ik

met hod of claim 1, wherein_the w.rel ess conmmuni ciati on

syst dRFEing tha fepuro/uplinins sl iing teitsst lagaupray m i least a second
@?ﬂf atus for a wireless comuni cation systemin which
a“tforward/uplink portionand a return/uplink portion

are assigned within an avai | abl e frequency bandw dth,

L PO oGP L el dovr R R
&ﬁ%ﬂgﬁﬂ@gwgfﬁeg%ﬁ&@wr d/ upl | nk porti on and the
return/uplink portionin the nmultiple regions. 12. The

apparmtaigingfeithé¢rainmof the fatweard/uplink er thierretuggplink using the first

fcomTuni %aa%'he%nt syst emii s a nmulti-beam conmunication

§%’F@?P{l 7302 rﬁ(g%g PUr receivi ng uplink transm ssion

in which forward/ uplink and return/uplink are

assigned within an avail abl e frequency range, the
& lplin

Het hoBhewaiped of elgim dit\whsrelg recedwpg fhedorya lpand the

LRl 8. Legl ; iving the forward/uplink and
ljtawéﬁ/l?lg%% %lg]g%fﬁﬁﬂleg&gnn%rﬁggl n a m xed node assignnent
of t hecavinigleithtreonkrof theciocy ardampdink ot theiretutifeplink signalseusing a

regions. 14. The nmet hod of. claim 13, wherein receiving

thigd fregreney dn aplerst R SETRRdEREONy et ur n/ upl i nk si gnal s
conprises: WD 2005/029729 PCT/ US2004/ 030963 18
receiving the forward/ uplink signals using a first
Tt equEnTyethad of alatin i hewhereinueesi vipg khrekfonnsardipplink endihe

fregue Jband.ip at least a first region; and
@Mn@ﬁﬁés% S PUrthgr FOISSNk i gnal s using the first
freq ul%eéayin%reit&%r SRAT theAfoPRRANPLNR Gk eHe- rethn/upiik iBiaOeking a

of claim 14 erein receiving the forward/ uplink and
third frequenayrin aplepsife thirdrpgian. f ur t her conpri ses:

18.  The method of claim 13, wherein receiving the forward/uplink and the
return/uplink signals comprises:

receiving the forward/uplink signals using a first frequency band and the
return/uplink using a second frequency band in at least a first region; and

receiving the forward/uplink signals using the second frequency in at least a

second region.

19. The method of claim 18, wherein receiving the forward/uplink and the
return/uplink signals further comprises:
receiving either one of the forward/uplink or the return/uplink using the second

frequency in at least a third region.



receiving either one of the forward/uplink or the

return/uplink using the first frequency in at |least a
Wa biosg297egi on. 16. The nmethod of claim 14, wheP€I/mS2004/030963

receiving the forward/uplink and the return/uplink

signals further conprises: rek®iving either one of the

forward/ uplink or the return/uplink signals using a

ird ] 17,
20, hodns FRLPARY i3t WABS Bod GARME fofflu@pikand U
ﬁmnnamﬁhhp@nﬂkﬁﬂﬁﬂmt@ﬁpnmﬂturn/uplink signals further

conpri ses; re e|V| f t he forward/ uplink

or t hEFRIngIp B i 145 ﬁmﬁ@?@ﬁn grhe TeRIr/gpknleterAlt ysing 2

th'ikd%}ecfuéﬁc%lln%tIeQétraC!;eE&ﬂl'r‘agmnw The method of claim
wherei'n receiving the forward/uplink and the

return/upllnk signal s conprises: receiving the

r /u S sing a.fir ban
3ha T Rbe SRtned P R B hntor s DY B e
hﬁmﬁhlhﬁﬂ&@nﬁshhﬂﬁ&c&ﬁﬂh&ﬁ;, and receiving the
formard/upllnk signal s  using the second frequency in

at | eteseiving eitbenond Crfé]@‘? fomwardduplinker thet tletyan/opliek sipwalssgising a
ré?’ ﬁ& %ﬁBYkm& Sd%%é ard/ uplink and the

Ik sig er conprises: receiving
ei t her one of the formard/uplink or the return/uplink
using the second freq uenc% in.at least a thir

#2gi oAPPIREIUS HOTEER g OP IR rusEy soiguish forwarl/uptink and

PR £ T MG G A ey e, o

omnpmﬁsgs: rece|V|ng ei t her one of t he formard/upllnk

or the return/uplink sjgnals u5| third frequenc
"0 at TCREOr 4IRS A ieg i B IMUNRI FREORSARS! I ai m

18, WhRARI for FRERiInG tﬁg férki)%rcf/%ﬁ/iﬁ(réil/dliﬁé fe'ﬁkrnl%@}ﬁnk B8nals in a mixed

return/uplink signals further conprises: reéeceiving
wiotlh essigmmeend bf thih @viitablealirejugpty bdaduridth e thegnultipleupgionk
signalss using a third frequency in at least a third
region. 22. Apparatus for receiving uplink

23.ans &l methed forupWhlk GBndnsiksed B Which fswaRdluplink portion is assigned
return/uplink portlons are assigned within an

within aavailable faereagy Fanggethe meshoghgemmaising:

dividing a service area into multiple regions;

transmitting the forward/uplink signals using a first frequency band if the
gateway is in a first region; and

transmitting the forward/uplink signals using a second frequency, otherwise.

24.  Apparatus for uplink transmission in which forward/uplink portion is assigned
within an available frequency range, the apparatus comprising:

means for dividing a service area into multiple regions; and

means for transmitting the forward/uplink signals using a first frequency band if
the gateway is in a first region, and otherwise for transmitting the forward/uplink signals

using a second frequency band.

25. A method for uplink transmission from a terminal in which return/uplink portion

is assigned within an available frequency range, the method comprising:
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dividing a service area into nultiple regions;
transmtting the return/uplink signals using a first
frequency band if the terminal 1is in a first region;

and transmtting the return/uplink signals using a

second frequency band, otherw se. 26. Apparatus for

uplink transm ssion froma termnal in which
return/uplink portion is assigned within an avail able
frequency range, the apparatus conprising: neans for
dividing a service area into nultiple regions; and

means for transmtting the return/uplink signals using

a first frequency band if the terminal is in a first
~region, and otherwi se for transmtting the

return/uplink signals wusing a second frequency band.




