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[ 0001] This application clains priority to U. S. Provisional Patent
Application Serial No. 60/580,810, filed June 18, 2004, which is

i ncor por atwed 26pefed7rs by reference in their entirety. BRCKGRAOMNDIO®. Field

[ 0002] The present invention relates generally to data conmuni cation, and
nore specifically to data transmission ln a nulti-carrier nultiple-access
comuni cation system H. Background [0003] A multiple-access system can
concurrently support communication for nultiple termnals on the forward
and reverse |links. The forward link (or downl il—ﬁﬁ refers to the

communi catMUhTIPREXING T @RA BAdb TECARRIER CELLIL AR GOMMUNIGATION:  reverse
link (or uplink) refers to the com@¥igFa&Mon [ink fromthe termnals to the
base stations. Miultiple term nals may sinultaneously transmt data on the
reverse |ink and/or receive data on the forward link. This nmay be achi eved
by multiplexing the nultiple data transm ssions on each link to be

orthogonal to one another in time, frequency, and/or code domain. Conplete
ort hogonal i t GROSS-RBFERENCIH 0 BRERADFAHAPBLIGHEIONNSt ances due to various

factors as chanpe itl : I i I . . ON.
evert nfEE, “Fhe. orhipbaih el g5 (oY £rbBGH Thlep) Rovgdtch Séhaf
transm ssi on fXN6. &HE80,916r flleddunerit B 208K] yhichtieifcerpesated hdreinlty witance in _
transm ssions for the other termnals. [0004] A nmulti-carrier conmunication
system utilizeQSHEMIFN e carriers for data transmission. The multiple
carriers may be provided by orthogonal frequency division rmultiplexing
(OFDM), discrete nmulti tone (DMI), some other multi-carrier nodulation
techni ques, or sone other construgA(FEQREUNDtI vely partitions the
1. Field
[0002] The present invention relates generally to data comununication, and more
specifically to data transmission in a multi-carrier multiple-access communication

system.

II.  Background

[0003] A multiple-access system can concurrently support communication for
multiple terminals on the forward and reverse links. The forward link (or downlink)
refers to the communication link from the base stations to the terminals, and the
reverse link (or uplink) refers to the communication link from the terminals to the
base stations. Multiple terminals may simultaneously transmit data on the reverse
link and/or receive data on the forward link. This may be achieved by multiplexing
the multiple data transmissions on: each link to be orthogonal to one another in time,
frequency, and/or code domain. Complete orthogonality is typically not achieved in
most instances due to various factors such as channel conditions, receiver
imperfections, and so on, Nevertheless, the orthogonal multiplexing ensures that the
data transmission for each terminal minimally interferes with the data transmissions
for the other terminals. _

[0004] A multi-carrier communication system utilizes multiple carriers for data
transmission. The multiple carriers may be provided by orthogonal frequency
division multiplexing (OFDM), discrete multi tone (DMT), some other multi-carrier
modulation techniques, or some other construct. OFDM effectively partitions the



WO 2006/ 009715 PCT/ US2005/ 021056 2 overall system bandwidth into nultiple
(K) orthogonal frequency subbands. These subbands are also referred to as
tones, sub-carriers, bins, frequency channels, and so on. Each subband is
associated with a respective sub-carrier that may be nodul ated w th data.

[ 0005] An wothmgosvas frequency division nultiple accesedrafRMibzeystemis a
mul ti-access systemthat utilizes OFDM An OFDVA system nmay use tine and/ or
frequency division nultiplexing to achi eve orthogonality anmong nultiple data
transm ssions for multiple termnals. For exanple, different term nals may
be allocated different subbands, and the data transm ssion for each
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Techni ques that can .support si t anepus.t ransm,ssi.on for nor erm nal s
t han the nunbgﬁﬁnws%?]ilsh Oéolﬁg]l%lp{%l Lfﬁ[g' Si g?F ﬁ’rﬁqnfps}e’(%&é{?ﬁﬁ%a%%zﬁ STELV ens_i ons)
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may correspond to a _group of one or nore subbands in_.one or nore synbol
periods, and i% thesutbgadphsllocated te the twepingly S MBS EIPINPT RO FYEHFRI PNy and
time. These teghnl iR Galifls, URSbac dnlAg AR Inalhd tRhXisgay @hd may
be used to no%g%ﬁj?lﬁl rigfgeQIHé S|’tﬂ|&tona ncapamgty tﬁgﬂln&y bescrgat ed in a
spati al di mensivaidedyr redysied)and guproved rrfermance enayids actiicwdbase station. These
techni quggecan al sqyreduge LN AU i9lle for data transmission is limited (to K) by

the OFDM structure used for the OFDMA system, The limited number of subbands

places an upper limit on the number of terminals that may transmit simultancously

without interfering one another. In certain instances, it may be desirable to allow
more terminals to transmit simultaneously, e.g., to better utilize the available system
capacity. There is therefore a need in the art for techniques to concurrently support

more terminals in an OFDMA systen.

SUMMARY

[0007] Techniques that can support simultaneous transmission for more terminals
than the number of orthogonal transmission units (or orthogonal dimensions)
available in the system are described herein. Bach such “transmission unit” may
correspond to a group of one or more subbands in one or more symbol periods, and is
orthogonal to all other transmission units in frequency and time. These techniques
are called “quasi-orthogonal multiplexing” and may be used to more fully utilize
additional capacity that may be created in a spatial dimension by employing multiple
antennas at a base station. These techniques can also reduce the amount of
interference observed by each terminal, which may improve performance.

[0008} In an embodiment of quasi-orthogonal multiplexing that is suitable for an
OFDMA system, multiple (M) sets of traffic channels are defined for each base



interference observed by each term nal, which may inprove perfornmance.

[ 0008] In an enbodi ment of quasi-orthogonal nmultiplexing that is suitable
for an OFDVA system multiple (M sets of traffic channels are defined for
each base WD 2006/ 009715 PCT/ US2005/ 021056 -3 station in the system Each
set cont aWis20aed®iE5l e (N) traffic channels, e.g., one epcEU$I0C/020056nnel for
each orthogonal transm ssion unit available in the system Each traffic
channel is associated with the particul ar orthogonal transm ssion unit
(e.g., the particular subbands) to use for each transm ssion interval. For
a frequency hopping OFDVA (FH OFDVA) system each traffic channel may be

associ ated W thtiginkid syStefil HacIesdt B@Ita1ﬁ§ﬁuﬁ1‘pier @U@@Iﬂcﬁhﬁﬁ@é}bg dhé frefment
subbands in different transm ssion intervals or periods. The traffic

channel s in eehndder eack ogthegrsgbasmissiopfwit aaw&tb#em taﬁayaﬁw Fech§eifido- r andom
Wi th respect E&nﬁ{l%tisgz{fﬁdt&i Ghanag! cﬂza?ad;rﬁ g%r]lai *%ggsrﬂfsmﬁ wde- % egse{hé A

total of M N traffic channels are en av use int system
The m ni num nparbedarchblsetls) tofuse fcmfeﬁwlntrmmmhsnt(awyl nigoy refregentytlwppmgport - a

gi ven nunber I ect d sSm SSi er m nal
oy be moet ofERMA (GRS shfih 1 el BB iR BB PSR @R it

channels. [ OOQB%Lelﬁeqﬁattp@éﬂaort&hdohﬂﬁlaaaté 8ifféedne sTHbER @ dlmﬁmtr@fs@us@mul ation
synbols for data) on its traffic channel. Each term nal also transmts
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station receives d transm ssi frogﬁ% ﬁl %ngals and .qbt ai ns

vector of rec&siFEy L sei§ BhYRgec DAY BF U554, Blﬂ’pm?the base
station may dgiiwg nﬁmﬁ&aéﬂ(@i)téﬁﬂﬂa@sr selRiell ifr dobd t@RahssimbbaRd thasRdnap channel
response estirmtes obtained for all termnals transmtting on that subband.
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nbol i t | hat
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synbol s sent bata) dreits a'afﬁcnﬁlamauSiEB@l teh@inal also fransmits pilot symbols. (which are

modulation symbols for a pilot) on its traffic channel to allow a base station to

estimate the response of the wireless channel between the terminal and the base
station. The U terminals may transmit simultaneously on their assigned traffic
channels.

[0010] The base station receives data transmissions from the U terminals and obtains
a vector of received symbols for each subband in each symbol period. The base
station may derive a spatial filter matrix for each subband based on channel response
estimates obtained for all terminals transmitting on that subband. The base station
may perform receiver spatial processing on the received symbol vector for each
subband with the spatial filter matrix for that subband to obtain detected data
symbols, which are estimates of the data symbols sent by the terminals using the
subband. .

[oo11] Various aspects and embodiments of the invention are described in further

detail below.



subband. [0011] Various aspects and enbodi nents of the invention are
described in further detail below. WO 2006/009715 PCT/ US2005/ 021056 4

BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] The features and nature of the
present invention will becone nore apparent fromthe detail ed description
set forthwsetoosoowhien taken in conjunction with the dresngsosgiigshi ch |ike
reference characters identify correspondi ngly throughout and wherein:
[0013] FIG | shows nultiple termnals @and a base station in an OFDVA
system [0014] FIG 2 illustrates frequency hopping in the OFDVA system
[0015] FIG 3 shows Msets of FIT sequences for quasi-orthogonal

mul tiplexing; [0016] FIG OIN FH sequences to U
termnals; [0017] FIG 5 s%%lm%fg Fgéﬁf |a§?ﬁ‘aﬁ1ﬁ%}fﬂ§g§?mm(?%- antenna term nal
and a njiDi3}- ant erfive feasnes aad patene cbf figOdBIenFin@ent®nshidhrecomb rpek aptiacegt am of

t he base statjagn. TAILLED DESCRI PTI 001 The word " ex | ary: is used
herein to nean ™ élé? %ﬁ@eda esﬁ%@ asr?g-#ﬁ\b %W'n"gt@#@et?l?e& 1 ?qWE%FY%h.mB Any
enbodi ment  ordrgemizgh WEiSK likd aderhieehitacisrs idaKerRspondinglyinbtougkngasarily to
be construed as preferred or advantageous over other enbodi nents or

desi gns. [0028ISIFRe quasi - ort hogonal nul tipl exi ng techni ques descri bed
herein be use f rd td [ AR i ns, e.g.,
an CFDI\PEgsJed syst(:iFeKn}i gﬁl}:oﬁ&ﬂgg&%ﬁ%gﬁrﬁ%gggbg% T eseérfggﬁ%%ghﬁﬁay al so be
used f ol00¥]ngl e- alenhilvaimates ineuencydnpmng i thy OFBMA spstanngl e- ant enna system

utilize e ante r data , t sm ssion and.reception...A nulti-antenna
system @Pfﬂl zes ogrﬁaé gqﬂﬂs%ﬁ?téoﬁé?ﬂﬁgces ?O(Slqu@éff)ﬁﬁ?&gﬁgﬁ}lﬂgg Cofeand mul tipl e
ant ennagofg)r dat a FIGCS fhdwan: prddieshr ARiphii FUBsquémRys Rl RriRaysed for time

di vi si on dupl exed (TDD) and frequency division duplexed ,(FDD) systens, for

the forlBFH and r dU6r Seshopiies blogh diagranh o2 wingleranienty ggiykynd a mult-

antenna terminal; and

[0018] FIG. 6 shows a block diagram of the base station.
DETAILED DESCRIPTION
[0019] The word “exemplary” is used herein to mean “serving as an example,

instance, or illustration.” Any embodiment or design described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over
other embodiments or designs.

[0020] The quasi-orthogonal multiplexing techniques described herein may be used
for various multi-carrier communication systems, e.g., an OFDM-based system such
as an OFDMA system. These techniques may also be used for single-antenna and
multi-anterma systems. A single—aﬁtenna system utilizes one antenna for data
transmission and reception. A multi-antenna system utilizes one or multiple antermas
for data transmission and nultiple antennas for data reception. These techniques
may also be used for time division duplexed (TDD) and frequency division duplexed
(FDD) systems, for the forward and reverse links, and with or without frequency
hopping. For clarity, quasi-orthogonal multiplexing is described below for the
reverse link of a multi-antenma FH-OFDMA system. |

[0021] FIG. 1 shows multiple terminals 110a through 110u and a base station 120 in
an OFDMA system 100. A base station is generally a fixed station that
communicates with the terminals and may also be referred to as an access point or

some other terminology. A terminal may be fixed or mobile and may also be referred



hoppi ng. For clarity, quasi-orthogonal nultiplexing is described bel ow for
the reverse link of a nulti-antenna FH OFDVA system [0021] FIG 1 shows
multiple termnals 110a through 110u and a base station 120 in an OFDVA
system 100. A base station is generally a fixed station that conmunicates
with the waymoo@bsisand may al so be referred to as an agceesopizidsOr SonMe
other term nology. Atermnal may be fixed or nobile and may al so be
referred WO 2006/ 009715 PCT/ US2005/ 021056 5 to as a nobile station, a

wi rel ess device, or sone other term nology. The terns "term nal" and "user"
are al so used interchangeably herein. Base station 120 is equipped with
mltiple (R anlennamit tada! 2 Jifels Bhasl of 6 ik Whlifllogy) TRE WA ey
be equi pped with one antenna (e.g., termnal 110a | e ant ennas
(e.g., term fietmifdOund f'oserd ateaalse apsinings¢hangahly h@clapth stérima ROaiat ennas
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transm ssi on, en the nmultiple antennas for these selected termnals
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illustrates frequ ncy hoppi n ransm ssi on sc f£2)00 that nay be used
for the O:DNArnsymﬂeemtplﬁr(hﬁl)efmiyaﬂsmmmgom&n rgremllntk ﬂfmqlﬂ@lcctymdnalemsl ty

agai nst del eter| fgathleffec s and.ra H}Szatlo? oge i ntfer erence, Wth
frequency hopp e R T N AR dnuldnie anieAmnas 16 HF SiEleRH
sequence t hat tei-rﬁﬂlhléacto%ctwtehereﬁﬁﬁéﬂt% i} (80 fdr@rakis Bnlt Ara@AGEioROP”
period. An FH sequence nay also be _called a hop pattern or sonme other

t er mi nol ogy. mdibglq@amlwpmsfox reergeikfrangmisgiops  spent on a gi ven subband,
may spa lruﬂclr- .
transm E]SI on | nt erva £x ‘flugt%’)a%%et 8{0&% %qu r@g%ﬁn Eﬁe?gt?hgﬁ%éﬁ]nﬁy
pseudo- r andonbgusd fedhe OHBbAM dﬁtdrmrFrbmwntse]ncmpugl can Eroeri:ﬂmefmqyemtbrdénesntyy is
i 11 or ont hoptgi SHeios paL AR S BRPRAER S IR S ) e 0 aed as
conveni ent Waysppiie, Xdh temsihilthserafisy) B ARIEhedh dIFFIRRR PUBsequence that indicates

the particular subband(s) to use in each “hop” period. An FH sequence may also be

called a hop pattern or some other terminology. A hop period is the amount of time
spent on a given subband, may span one or multiple symbol periods, and may also be
called a transmission interval or some other terminology. Each FH sequence may
pseudo-randomly select subbands for the terminal. Frequency diversity is achieved
by selecting different subbands across the X total subbands in different hop periods.
FH sequences and traffic channels may be viewed as convenient ways of expressing
assignment of subbands.

[0023] The FH sequences for different users in communication with the same base
station are typically orthogonal to one another so that no two users use the same
subband in any given hop period. This avoids “intra-cell” or “intra-sector”
interference among the terminals commumicating with the same base station
(assuming that orthogonality is not destroyed by some other factor). The FH
sequences for each base station may be pseudo-random with respect to the FH
sequences for nearby base stations. Interference between two users communicating
with two different base stations occurs whenever the FH sequences for these users
select the same subband in the same hop pericd. However, this “inter-cell” or “inter-
sector” interference is randomized due to the pseudo-random nature of the FH

sequernces.
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[0023] The FH sequences for dlfferent users in comunication with the sane
base station are typically orthogonal to one another so that no two users
use the same subband in any given hop period. This avoids "intra-cell" or
"intra-sector” interference anong the termnals comunicating with the sane
base st at maoog@smsm ng that orthogonality is not destrpoieshoiyzs@ie ot her
factor). The FH sequences for each base station nmay be pseudo-randomw th
respect to the FH sequences for nearbygbase stations. Interference between
two users communicating with two different base stations occurs whenever
the Eli sequences for these users select the sane subband in the sanme hop
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unsynchronized nmmg at the terminals, and so on. The loss of orthogonality may

cause inter-carrier interference (ICI) and inter-symbol interference (ISI). However,
the ICI and ISI may be small in comparison to the interference that would be
observed if the users are not assigned orthogonal FH sequences.

[0026] The number of subband groups availablé for data transmission is limited, e.g.,
to N for the embodiment shown in FIG. 2. If one subband group is assigned to each
user, then more than N users may be .supported by time division multiplexing (TDM)
the users and allowing different sets of up to N users to transmit on up to N groups of
subbands in different hop periods. More than N orthogonal transmission units may
thus be created in the frequency and time domains, where each transmission unit is
orthogonal to all other transmission units in frequency and time. The transmission
units may also be viewed as orthogonal dimensions. The time division multiplexing
of vsers may be undesirable since if reduces the amount of time available for data
transmission, which may' then limit the data rates achievable by the users.

[0027] In certain instances, it may be desirable to support more users than the
number of available orthogonal transmission units. For example, additional capacity
may be created in the spatial dimension by employing multiple antennas at the base
station. The base station may then be able to support more users with the additional
capacity. However, the number of orthogonal transmission units available mn the

OFDMA. system is determined by the system design and is typically limited and



[ 0026] The nunber of subband groups available for data transm ssion is
limted, e.g., to N for the enbodi nent shown in FIG 2. If one subband
group is assigned to each wuser, then nore than N users nmay be supported by
time division nmultiplexing (TDM the users and allow ng different sets of
up to N us@ ®o¢/@otisansnit on up to N groups of subbanest/useedsd2ies ent hop
periods. Mdre than N orthogonal transmi ssion units may thus be created in
the frequency and tinme domains, where each transm ssion unit is orthogonal
to all other transmi ssion units in frequency and time. The transm ssion
units may al so be viewed as orthogonal dinensions. The time division
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total of M N PH sequences are then available for use in the system
on a frequency-time plane for that set. The remaining N —1 FH sequences in each

set may be vertical and circular shifted versions of the first FH sequence in the set.
The N FH sequences in each set are orthogonal to one another. Thus, no interference
is observed among N data transmissions sent simultaneously by N users assigned
with the N FH sequences in any given set (assuming no loss of orthogonality due to
other factors). The FH sequences in each set may also be pseudo-random with
respect to the FH sequences for each of the M —1 other sets. In this case, data
transmissions sent simultaneously using the FH sequences in any one set would
observe randomized interference from data transmissions sent using the FH
sequences in the other M —1 sets. The M sets of N FH sequences may be generated
in various manners.

[0030] In one embodiment, the N FH sequences for each set are derived based on a
pseudo-random number (PN) code assigned to that set. For example, the 15-bit short
PN codes defined by IS-95 and IS-2000 may be used. The PN code may be
implemented with a linear feedback shift register (LFSR). For each hop period, the
LFSR is updated and the content of the LFSR is used to select the subbands for the N
FH sequences in the set. For example, a binary number corresponding to the B least

significant bits (LSBs) in the LFSR may be denoted as PN (z), where B=1log,(N),



[0029] FIG 3 shows Msets of PH sequences that may be used for

quasi -orthogonal nultiplexing. The first PH sequence in each set is

i ndi cated by the darkened boxes on a frequency-tinme plane for that set. The
remai ning N-I PH sequences in each set nay be vertical and circular shifted
ver si ons OYOeleg0drsst PH sequence in the set. The N Peopeguenedssi N each
set are orthogonal to one another. Thus, no interference 1is observed anong
N data transm ssions sent simultaneouslyg by N users assigned wth the N PH
sequences in any given set (assumng no | oss of orthogonality due to other
factors). The PH sequences in each set may al so be pseudo-randomw th

respect to the;Fl 30aUSNEEM @e‘?srof%fif&qﬁéncw%ndv}1s%n%d8§%r3%§ﬁzemb&‘ g case,

data transm ssions sent simultaneously using the PH se ces in any one
set woul d obEHdssgenas doset Zaday theebd dafend es:f r om dat a transni ssi ons sent
using the PH sequences in the other M-1 sets. The Msets of N PH sequences

may be generated . in various .man s..[0Q30 n e enbodi gent, the N FH
sequences for eaéhl(tsa(ﬁ;a{yfgﬂdéfaﬂ?gg&)oﬁlsedg%r‘ézai "‘p@gﬁ?}%ifgn’d nun%%fl)( PN)
code assigned to that set. For exanple, the 15-bit short PN codes defined

by 1S-95 ang,hla]% %goa?]tlmfgle ﬁeﬁfﬁ%ggn ne%i% be inplenented with a

i near feedb regl s gacH op period, the LFSRis

updat ed and the gﬁ@@@ﬂw@.&hpm@e@ﬁﬁmget%ed to select the subbands for the N
PH sequences in the set. For exanple, a binary nunber corresponding to the B

| east  si gniThé @t ediation (1)SBsgunitsfok bﬁukEﬁBgmﬁ)ehe tanedradyids Pl ofwhere B
=10g2(N) , WO 2006/ 009715 PCT/ US2005/ 021056 is an index of the Msets
of FH sequerf€eshedfid seauesces i, (ah dedicqtes tha pprtis @Mé‘d’bﬁq@@tﬂusﬁlipfs@?ﬁhéﬁ@es in
set 2 may then be defined as: ff,;(t)=([PNL(t)+i] nmod NJ+1 , for =1 ... M
and i=1 . PRgio (1) where i is an index for the N FH sequences in each

set; anfbogi (1) T8y Wiglicy ‘gﬂg Jﬂeﬁﬁfwn&m PNS 8deS usdd or the 1M s%ﬂt@mn (1)

account s for an indexing s me that starts wwth “1' I nstead of The FH
sequence f q; (tequénves may és definedgabe iditarent tisetsbetscf g)commcmsE\T fcode. eTadhﬂs hop

period 1. case, each set is assigned a unique time shift, and the PN code for that set may be
identified by the assigned time shiff. The common PN code may be denoted as

PN(?), the time shift assigned to set ¢ may be denoted as AT,, and the binary
number in the LFSR for set £ may be denoted as PN(¢+AT,). The N FH sequerices

in set £ may then be defined as:
[, =([PN(t+AT,)+i] mod N)+1, for £=1.. M and i=1.. N. Eq(2)

[0032] In another embodiment, the M sets of FH sequences are defined based on M
different mapping tables, one table for each set. Each mapping table may implement
a random permutation of an input. Each mapping table receives an index i for the i-
th FH sequence in the set associated with the table and provides the subband(s) to use
for this FH sequence in each hop period ¢. Each mapping table may be defined to be
pseudo-random with respect to the other M —1 mapping tables.

[0033] The M sets of N FH sequences may also be defined and generated in other
manners, and this is within the scope of the invention.

[0034] FH sequences may be assigned to the users in a manner to reduce the amount
of intra-cell interference observed by all of the users. For simplicity, the following
description assumes that one orthogonal transmission unit is assigned to each user
selected for transmission. If the number of users selected for data transmission (U) is

less than or equal to the number of orthogonal transmisston units (or U<N), then



[0031] To sinplify inplenentation, the M PN codes used for the Msets of FH
sequences nmay be defined to be different tinme shifts of a common PN code. In
this case, each set is assigned a unique tinme shift, and the PN code for
that set may be identified by the assigned tinme shift. The common PN code
may be deMdsl Was/@g71SPN(t), the tinme shift assigned to setr/usmys/hesdenot ed as
AT,, and the binary nunber in the LFSR for set 2 nay be denoted as PN(t +
AT,). The N FH sequences in set 2 may 9$hen be defined as:
f4,i(t)=([PN(t+AT1)+i] nmod N)+1 , for 2=1 ... Mand i=1 ... N Eq(2) [0032]
I n anot her enbodi nent, the Msets of FH sequences are defined based on M

di fferent nmappkRgudeAthSFbe MRRNEEBHRD IR 1BRERuEREs iFaR beMBIIhO SuhRR e My
i npl enent a random pernutation of an input.” Each mappi ng tabl e receives an

index i for tusersiis grenteFthandbraproberial orthegasel trapsadssioatusits wit B t Ne, thabl e and
ides th b ' ' . iodt.
Bhoh oot ng, CABRBRSgheals ol 8 LA UhBERNEEE ok o BploRon

Each mappi ng e nay ined h™réspect to the
other M -1 mepgidiged Bohed{fobMORB] ard et bitlsebsalab die Rbheguentas remal iml so be

defined and generated i n other ners, and this i ithin the scope of the
i nvention. [OBFAPCFINEEYERSCEE ﬁ:’én;{g’ﬁtem&%%etr st glc’flﬁiew‘ﬁélé al A0 Bi¥§hner to
reduce the anpyfty, Opﬁ HifiRnee hhmbat G {e8f 81)CRAR5 &) ¥aHoRYUalsbrsGhay BE USErs.

For sinplicity, the  ow ng description’assunes that one orthogonal
transm ssi on exprassddsisassi gned to each user selected for transmission. |f

t he nunber of users selected for data transmssion (U) is |ess than or
equal to the nunber orthogonal transm ssion units (or U N), then WO
2006/ 009715 PCT/ US }@MQSG 9 the U users may be assigned orthp@ynal FH
sequences in one set N|f the nunber of wusers is greater than the nunber of
orthogonal transm ssion units (or U> N), then additional FH sequences

f  -04,h ts . b d Si. t.he FH f
T erome oSNt e bt B e Y SO0 ™
intra-cell iﬁ{%h%‘cr{?%gnce, the smal | est nunber of sets should be used at any

gi ven none € m ni mum nunber of sets (L) needed to support U users may
be expjio3sied as: If L sets of FH sequences are used for U users, then each user will observe

interference from at most L—1 other users at any given moment and is orthogonal to

at least U~ (L —1) other users. If U is much larger than L, which is typically the

case, then each user observes interference from a small number of users at any given
moment. The U users may then be viewed as somewhat orthogonal, or “quasi-
orthogonal”, with one another.

[0036] FI1G., 4 shows a flow diagram of a process 400 for assigning FH sequences to
users with quasi-orthogonal multiplexing. Initially, the number of users selected for
data transmission (U) is determined (block 412). The minimum number of sets of
FH sequences (L) needed to support all of the selected users is then determined
{(block 414). If cach selected user is assigned one FH sequence and if each sei
contains N FH sequences, then the minimum number of sets may be determined as
shown in equation (3). L sets of FH sequences are then selected from among M sets
of FH sequences available for use (block 416). Each selected user is then assigned
one (or possibly multiple) FH sequences from the L sets of FH sequences (block
418).

[0037] The U selected users may be assigned FH sequences from the L sets in
various manners. In one embodiment, users with similar received signal qualities are
assigned FH sequences in the same set. Received signal quality may be quantified by

a signal-to-interference-and-noise ratio (SINR) or some other measurement. For this



L=INI~M Eq(3) where "[x|" denotes a ceiling operator that provides an

I nteger value that is equal to or greater than x. [0035] If L sets of FH
sequences are used for U users, then each user will observe interference
fromat nost L-1 other users at any given nonent and is orthogonal to at

| east U (BOY0OGRAES users. |f Uis nuch larger than L,PeliUsdeodeiasypi cally
the case, then each user observes interference froma small nunber of users
at any given nonent. The U users nay tllen be vi ewed as sonewhat orthogonal,
or "quasi- orthogonal”, with one another. [0036] FIG 4 shows a flow di agram
of a process 400 for assigning FH sequences to wusers w th quasi-orthogonal

nul tipl exi ng. ephttidirhedt] the 1 RSerd HAD e kel WRESH &EHRESMRE0E o, ddhdhighasm ssion |
(U is determ ned (block 412). The m ni rum nunber of sets of FH sequences :

(L) needed t oSI\Fpfsolotves BING.  Ome user eyt Bel Ppsessed pk a (s el seeRHah @ader (bl ock
414). If eac Epa%é‘d G e dark aﬁéasgigﬁécﬂéh% Qéhgm rf ﬁﬁg%’&%e@dﬁﬁ %gﬁegﬁ& set
u e e

contains N FH sequences, then t m ni mum r of sets my term ned
as shown i n Aoethdriseinof{E3] sequeses & uséd Whtrseenmdinde sequeaces irethefediaetlese f r om

anong M sets , of FH sequences, avail able for use.(bl gck 416). ch sel ected
Goer Ui ¢ hen WL G (DR PR PaharE B TR SR CRER R  he L
sets of FH seqyense€BH(sblRE: sef LBor exkidpId Alserkh6catddsdsefioate bse katibRIhabe

assi gned FH sequences fromthe L sets in _various manners. |In one

enbodi ment,  ussieye Wigher SINRS e maychs apeaned Gh sequgiesp in prsssehr Bseradospigled FH
sequences in Ehe 08 the Be&SLtEd t(??g‘ge(r&g{rﬁgg@’lol%’s@é) 1Y a %v%lf@s%r' grivRd by a

signal -to-interterence-and-nolse ra sone” ot nmeasur enent . For
t hi s WD 2006/ &d9iahp beGELYGRDBH/ £734a66 inl fhothed aeli. mhis, erhbwliddentseays alvay be

ranked based gn._their SINRs g., fr hi ghest., SINR to | owest SINR One

Lser may be proRLS R OB iRtk viss duRtTRlP BF Fetor HEUFORAY REF anki ng,
and assi gned @BreHhtesRRHENGUsE M othef bdcfolrs SRE mY bé HirsRELRNEMSmit ab\Rdher set
of FH sequences is used whenever all FH sequences in the first set have

been assi gnedpoWEiilgyelsimbodi ment can map users with similar channel conditions
to [0038] In another embodiment, users with different received SINRs are assigned FH

sequences in the same set. This embodiment may improve detection performance for
users transmitting simultaneously using FH sequences in the same set. In yet another
embodiment, users are categorized based on their “margins.” Margin is the
difference between the received SINR and the required SINR for a given rate and
captures the excess SINR available for that rate. Users with larger margins are more
likely to be decoded correctly than users with lower margins. Users with different
margins may be assigned FH sequences in different sets, which may improve the
likelihood of separating the users. For example, users with large margins may be
detected and decoded first, the interference cauged by these users may be estimated
and canceled, then users with lower margins may be detected and decoded next, and
so on. In yet another embodiment, users are multiplexed based on their spatial
signatures. Users with uncorrelated signatures can be more easily separated using
recelver spatial processing, as described below, even though these users may collide
in time and frequency. Various combinations of spatial signatures for different
groups of users may be evaluated to identify uncorrelated signatures. Users may also
be categorized and multiplexed in other manners.

[0039] Quasi-orthogonal multiplexing may be used with or without power control.
Power control may be implemented in various manners. In one power control
scheme, the transmit power of each user is adjusted such that the received SINR for

the user, as measured at the base station, is maintained at or near a target SINR. The



the sane FH sequence set. For exanple, users |located closer to the base
station may achieve higher SINRs and may be assigned FH sequences in one
set. Users located farther away fromthe base station (or "sector-edge"
users) may achieve lower SINRs and may be assigned FH sequences in anot her
set. Thi svantse@éoaeist nmay al so facilitate power controrcoisihbszusers. For
exanpl e, the sector-edge users nmay cause nore interference to users in

ot her sectors and may be directed to triansmt at |ower power |evels. [0038]
I n anot her enbodi nent, users with different received SINRs are assigned FH
sequences in the sane set. This enbodi ment nmay inprove detection performance

for —users transSINR RyShiitd 30QQMEbY td/8hiGe A pSRAURN6RS of Porfiifat@® Set.
I n yet another = enbodi nént, users ‘are categoriZzZed based on their "margins.

Margin i s thee-gdlffrackst caobeia@ER)+ Fhisrewer serrossormerndiuskidhs sneimt 68 SI NR
for a given r

Users with | atr%l‘gm?c Fvgf ﬁ%hgg)ig ﬁowa s daﬁqﬂ%ﬁ%‘%wﬁ@&gecgﬁﬁd‘e nfgggsrﬁé‘%?mf&?ha

users with | omai[e sel gctmanngJﬁxer@smd tevell cﬁfflmrﬁmhand&arlgm netheaypotver assiofned FH
sequences i n d fferent set Iikeliho eparating
the users. @&% ’@cm?ﬁ%d:‘?‘]ﬁe{]\f ﬁaq ISWHQE{]W@EIM%FE‘?% i‘h

decoded fi rstyettam&hbma@fv&ee@c&m s@ﬁéﬂﬁ@%@yedeh@aemg;ﬁerp%va@mfmbea&swefrqs ed and
cancel ed, then users with |lower margins may be detected and decoded next,

and so on. |maiytained neAttadereeimabigionsihin areegesolaalictnul ti pl exed based on t heir
spati al gnhat ur g gqgs easily
separ at Qgﬁq}m ng re%%ul vfg{ﬁc’?\g‘é’l{g{hau#ﬁ%%é@h gllt n%ugﬁ gglﬁ?rblﬁ%ﬁ%g Sﬁpgven

t hough t hese Q&EDMAMRY acallliperccdss sdhieme tlea dsdsrqugsiemthypgondb mutiipdexirgnior nat i ons
of spatial signatur or different oups of users e e aluated to
identify unc SQSé’tf&SjFé iSERSPLREL Su Pkoégg ﬁ%§,c%{}chaent ewgaﬁl)léég Eamﬁfﬁﬂ

mul tiplexed i @NDGTH - CRIFDVIA hak 9(9§e9ldv%t§§és o%ltébﬁgéiﬂﬁhalm-ﬁ wmm'mcmy be

used with or w thout power control Power contr ol ﬁ be i npl erented in
vari ous MRnNnewsss omMoaﬁ@etpéthH@wm@s forglhvesre, Fohesmelapgnboar oposes with each

user is adj us s hat f red at
the base stati o‘h %gl nal net 5{]'12% Sg{u%hceggse%eh@ tagééﬁé‘: G@F@%‘Fﬁ%%\ﬁ%?gg%m 009715
PCT/ US2005/ 024356 idehfical to conventional FH-OFDMA. However, FH-OFDMA is limited to

only one set of FH sequences and may not be able to more fully utilize the additional

capacity created in the spatial dimension by the use of multiple antennas at the base
station. In contrast, FH-QOFDMA can utilize multiple sets of FH sequences io
support more users to take advantage of the additional capacity. Although the U
users are strictly not orthogonal to one another in the frequency and time domains
with FH-QOFDMA when U >N, various techniques may be used to mitigate the
deleterious effects of the intra-cell interferencé, as described below.

[0041] If the base station is equipped with multiple antennas for data reception, then
the data transmissions from the U users may be separated using various receiver
spatial processing techniques. Referring back to FIG. 1, a single-input multiple-
output (SIMO) channel is formed between single-antenna terminal 110a and multi-
antenna base station 120. The SIMO channel for terminal 110a may be characterized

by an Rx1 channel response vector h,(k,t) for each subband, which may be

expressed as;

h, (k,2)

B (.t
h, (k,7) = "-( ) , for k=1.. K, Eq (4)

h, x(k.E)



target SINR may, in turn, be adjusted to achieve a particular |evel of
performance, e.g., 1% packet error rate (PER). This power control schene
adj usts the anmount of transmt power used for a given data transm ssion so
that interference is mnimzed while still achieving the desired | evel of
per f or man®a& 20bét00am6t her power control schene, the receiwestoBiddRstor each
user is maintained within a range of SINRs. In yet another power control
schene, the received signal power for e@ch user is nmaintained near a target
value or within a range of values. [0040] Frequency-hoppi ng quasi-orthogonal
frequency division nmultiple access (FH QOFDMA) is a multipl e-access schene

that uses aygsie-pid BOGana! {om{% RLEHNG (R, MSals ok, O i é&%ﬂﬁgggs) to

support U users concurrently, re U nHy bé greater ~tha has

some advant aaRsiP¥Rnd FaMeRivendle dﬁlﬁiéﬁ%& at’\f@in‘ﬁhal M@%n&ﬂhlekﬁ&%n%% of N FH
sequences for all users. For a small nber of users with U5 N, only one

set of FH sb@ﬁﬁéﬁ@@@lz%foné@tbé@ﬂk@dwpﬁﬂwu\m degenerates to and is

i dentic 0 convept %i F E)l\%Af only
one set ?dm&]FH sequ’grg%lg@&arﬁ@m%: Wq) Jﬂ'ang f/& b{ﬂv%l z%ﬁlﬁ]he

addi tional capatiattstmingddiedandmuhiearsgat bade smht]rasﬁrm()orrhbmmﬁ@ chaebfornul ti pl e
antennas at the base station. In contrast QOFDVA can utilize nultiple

sets of FH s e@ﬁéﬁé’elsloﬂdnaﬁb‘?)%ﬁﬁ%?fbbﬂ%r%xTo(’hﬁﬂlkf‘é respousstagiax L, (k4k

addi tional capacity é h thg s.are strictly not orthogonal to
one anot her i " £ PR RESH Wigy B¢ ins wth FH QOFDVA when U>N,
various techni ques nmay be used to mtigate the deleterious effects of the

intra-cell int eriﬁp(;e@c—.e[,h A%, Nles e, hed ]bq:tz@yy] [ 004pr kE-1t.hek base Bgedion is
equi pped with nul ti pl e antennas or data receptl on, then the data

transm ssions fromthe U users may be separated using various receiver

spati al proedssi hg(t.erhr gles... Reﬁeﬁmwhgniahcdspdme Fecor Betwaers amiglog-ji atput

mul ti pl e- out put SI MO) channel is forned between si ngl e- ant enna t er m nal
110a and nuldrminahhi@naal thast asteaitas @h baseGtativh d 28| Oswipamh &lin hop pt@edii.nal 110a

Cubband, et SHE D RN BSb . ) REPATA R A RS RGO Kb iR or kg

K. B )qua‘uon (4).

[0043] In general, each terminal may be equipped with one or multiple antennas and
may be assigned S subbands in each hop period, where S=1. Each terminal would
then have one set of channel response vectors for each antenna, with each- vector set
containing S channel response vectors for the S subbands assigned to the terminal for
hop period ¢. For example, if terminal m is assigned S subbands with indices %
through & +S—1 in hop pertod #, then the vector set for each antenna j of terminal m

would contain S charnel response vectors h,, ,(k,#) through h, ,(k+S-11) for

h,,
subbands % through % +8-1, respectively. These S channel response vectors are
indicative of the chamnel response between antenna j at terminal s and the R
antennas at the base station for the S subbands assigned to terminal . The subband
index k for terminal m changes in each hop period and is determined by the FH
sequence assigned to terminal m.

[0044] The channel response vectors for the U terminals selected for simultaneous
data transmission are typically different from one another and may be viewed as
“spatial signatures™ for these U terminals. The base station may estimate the channel
response vectors for each terminal based on pilot symbols received from the terminal,

which may be time division multiplexed with data symbols as shown in FIG. 2.




ha R(k,t) WO 2006/009715 PCT/ US2005/ 021056 12 where k is an index for
subband, and ha ; (k, t) , for i=1 ... R is the coupling or conplex
channel gain between the single antenna at termnal 110a and the R antennas
at base station 120 for subband kin hop period t. [0042] A multiple-input
mul ti pl e- oY@ pus/0(EMsMO) channel is fornmed between mul ti pcpotR0NG&16s8r M nal

110n and nul ti-antenna base station 120. The M MO channel for term nal 110u
may be characterized by an R x T channgh response matrix H' (K, t) for each
subband which may be expressed as: H' (k, t) [h.,, (k, t) h,,,2 (k, t)
oo hyr (k, t)] , for k=1 ... K, Eq (5) V\/nere hu,, (k,t), for j =1 .
T, |s t hannel v er I u and
the R A iinas at 'Sacaibran] o Ty e CE R s M L T

channel r esposisge-mtedmrterminalg ki ttl)rouginbzalansasﬁged:c’etmmat]s subbendhgeuyt hecatior m shown
in equation (4). [0043] In general, each term nal may be equi pped with one
or nultiple amwpepemad. adwel Rwhycltﬁ@n%isrﬁmn@dm&ﬂsuﬂﬂafw@l@rbeeﬁ)@mdt&p gsehk i od,

where S 2 1. Each term n woul.d hen h ve one set of channel nse
oot ors Tor cHBREGT Breh hgb PHTIELE HAGR SR ahe Loanas FesnTHse VoIaScRb ol

response vect@fﬁnglgﬁsﬁgglbgmﬁjm%g%m ghefow® the termnal for hop period
t. For exanple, if termnal inis assigned S subbands with indices k

through k + S -1 in hop perlod t, then the vector set for each antenna j of

termnal in WoB(R,ForR (kg a(nrrel rBspg)amge vectors h,,,, (k, t) through
h,, (k+S -1, t) for subban through ‘k+S-1, respectively. These S channel
response vectors are |y4d| g@,,t)l VR, gﬁ(tg he. cmann]ek) response between antenna |
at termnal in and the nten 14s a t he ba £ st at iggng £9r the Sgwhybands
assigned to termnal L "‘1 ba(rt |ndé9( i f r’ termnal in changes in
each hop period and is determ ned :by the FH : sequence assigned to term nal
in. [0044] The channel |fpes ﬂseh ve rs far U termnals selected for

si mul t aneous data tra s”rhR gi’on yp| cart d| ferent from one another and

may be viewed as "spatial si gnat ur es" for these Utermnals. The base
station may gst! Eﬁb?, t)t, "8 %Qalnneﬂ” is the channel response vector for the /-th terminal
using subband £ in hop period £. The channel response matrix H(%,#) for each subband

in each hop period is dependent on the specific set of terminals assigned to that subband
and hop period.
[0046] The “received” symbols at the base station for each subband & in each symbol

period n of each hop period ¢ may be expressed as:
rk.t,n)=H(k, ) -x(k,t,n)+nlk,t,n) , fork=1..K, Eq(7)

where x(k,7,n) is a vector with L “transmit” symbols sent by the L terminals on
subband % in symbol period # of hop period #;
x(k,.t,n) is a vector with R received symbols obtained via the R antennas at the
base station for subband % in symbol period » of hop period ; and

n{k,z,n) is a noise vector for subband £ in symbol period 7 of hop period 7.

For simplicity, the channel response matrix H(%,?) is assumed to be constant for an

entire hop period and is not a finction of symbol period #. Also for simplicity, the

noise may be assumed to be additive white Gaunssian noise (AWGN) with a zero mean

vector and a covariance matrix of ¢ =o”-I, where ¢ is the variance of the noise

and I is the identity matrix.




response vectors for each term nal based on pilot synbols received fromthe
termnal, which nay be tine division nultiplexed with data synbols as shown
in FIG 2. WD 2006/ 009715 PCT/ US2005/ 021056 13 [00451 For sinplicity, the
foll ow ng description assunes that L=U N and L single-antenna term nals nz,
t hrough r Mo anent@3si gned t o each subband group in eachechoppeiiiend. An R X L
channel response matrix H(k, t) may be fornmed for each subband k in each
hop period t based on the L channel response vectors for the L termnals
usi ng subband kin hop period t, as follows: H(k,t) =[hm (k,t) h",(k,t)
hmL(k,t)) hm,(k,t) hm,(k,t) ... h.,,(k,t) hn 2(k,t) hm2(k,t) ...

h,,,L,2 for le .zl .. : h ( : R(K, 1)
wher e htrqm? , 1), }gotrra;!limIé SﬁbOIE&cho@l’ s‘&(?’rr?en)(?&)gn}%%} "ng?p%%tsfgenvgcﬁoggpef%r the 2

-th termnal oibbhi ifUABRGmkbINpd PeédcR thob. peHod. CBadaas difREMORSS dTat I'i X
H(k, t) for each subband 1n each hopbperl od is dependent on the specific

set of terni nErwinglssiayhedstignediadiffrmbahgands iya giysn per paipd, pobiemingfe
" i ved" | i on..f Ki |
e o o L0 b o bl SEUEEGRN RRNS) K A By

r(k, t, n) =H(k, bintdaorleadh) HR(erbd My be f@melt B differerdfsctraf Fell'naﬁﬂaﬁ.r EaXf{ Yoctorn) 1S a

vector wwth L " "transmt" synbols sent by the L termnals on subband kin
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response nmatri’x H IS assune constant for entite hop period
and is (48R functKaecebfedsymbol veptars, adk,nx) Abs @ flor. Ki, ayd obtaihgd fot ke Knoi se
may be assumed to be additive white Gaussian noise (AWGN) with a zero nean
vector and a e@ébardsancechnembpkpafodgpfzadihop|peripfhe Packoyeztar (kfier) veniaimce of
the noise anggr!ecelivsedtsgxgbél(sjgl?tgfnteg vig%erﬁ )éﬁtennas at the base station for one subband in
one symbol period. For a given subband %, symbol period n, and hop period ¢, the j-

th transmit symbol in the vector x(k,z,n) is multiplied by the j-th vector/column of

the channel response matrix H(k,#) to generate a vector x;(£,z,#). The L transmit

symbols in x(%,2,n), which are sent by L different terminals, are multiplied by the L
columns of H(k,?) to generate L vectors r,(k,¢,n) through r, (k,z,n), one vector

x;(k,t,n) for each terminal. The vector r(,z,n) obtained by the base station is

L
composed of the L vectors r,(k,z,n) through r, (k,t,n), or r(k,t,n)= Z_l: ik, t,m).
j=I

=
Each received symbol in x(k,z,#) thus contain a component of each of the L transmit
symbols in x(%,#,7) . The L transmit symbols sent simultaneously by the L terminals
on each subband % in each symbol period »n of each hop period # thus interfere with
one another at the base station.

10049] The base station may use various receiver spatial processing techniques to
separate out the data transmissions sent simultaneously by the L terminals on each
subband in each symbol period. These receiver spatial processing techniques include
a zero-forcing (ZF) technique, a minimum mean square error {(MMSE) technique, a
maximal ratio combining (MRC) technique, and so on.

[6059] For the zero-forcing technique, the base station may derive a spatial filter
matrix M_ (k,7) for each subband % in each hop period ¢, as follows:




WD 2006/ 009715 PCT/ US2005/ 021056 14 [00471 K transmit synbol vectors, x(Kk,
t, n) for k =1 ... K, are forned for the K subbands in each synbol period
of each hop period. Because different sets of termnals may be assigned to
di fferent subbands in a given hop period, as determned by their FH
sequences, the Ktransmt synbol vectors x(k,t,n) for each synbol period of
each hop pP€? el be forned by different sets of ter REHWERDIS/BAGKH vect or
x(k,t,n) contains L transmt synbols sent by the L term nals using subband k
in synbol period n of hop period t. In5general, each transmt synbol may be
a data synbol, a pilot synbol, or a "zero" synbol (which is a signal value
of zero). [0048] K received synbol vectors, r(k, t, n) for k=1 ... K, are
obtai ned for the bards, i\n 18 period of each hop pgriQd. Each
vector r(k,t,n) cgﬁ(ztiutzg?ﬁl?@’%e)c%ﬁggﬁ gmgbs’ obtained via the R gﬂ nnas at
the base station for one subband in one synbol period. For a given subband
k, symbol peaLbRc: A ghgied APchfildaRrinspdsBE The bdde lstADR BstimaésTaQ! cafindine
vector x(k,t,n) is nultiplied’by the j-th vector/colum of the channel
response matesponski(thatris ) H{/gr)g émesaal eubbaudce.py brsed qik pilots transmittElebyLther ansmi t
synmbols in x(k, t, n) , which are sent by L different termnals, are

mul tiplied lbymidats. | ThedatastmsnaherH{des the estimgted elraatel respopstoatsix rH (k) tipn)

t hrough rL(k,t,n), one vector rj(k,t,n) for each termnal. The vector
r(k,t,n) obtgivetrenipatiflefiliprsmatsixatr Fomclpaty, thee yiowdng dercriphen pssy@es §Ps r3 (k,
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period t thl}njgﬁ(;dgth%g eé/e%-owitth one anot her at the base station. [0049] The
base station nmay Us® NArTGus recei ver spatial processing techniques to

separ at @081} t he dEkebdse alntion vy poorserdro-firamp tparvessug) fpr bachtsnbbandtienni nal s
on each subband in_each ol , period., Th receiver spatial processing
t echni ques i nE#§EID pf@?%xgg?a&}lﬁﬁp ?‘f‘ff’f”{aé%?sﬁlﬁﬂvffue, a mni mum nean square
error (MVBE) technique, a

X, (kt.m) =M (k0)-r(k,t,n) ,

= [EH(kat)H(k’ t)]-‘l '._H_H (kat)°[H_(k9t) 'E(k:ts n)'l'.].l..(kvt’n)] 2 Eq (9)

= E(ka tan) "['Ll.zf(k’t: n) H

where X,-(k,t,n) is a vector with L “detected” data symbols for subband £ in symbol

period n of hop period #; and

n, (k,1,n) is the noise after the zero-forcing processing.

A detected data symbol is an estimate of a data symbol sent by a terminal.
[0052] For the MMSE technique, the base station may derive a spatial filter matrix
M.,,..(k,t) for each subband % in each hop period ¢, as follows:

M, (k1) = [H" (k,2)- B(k.0) + 0 -1 -B” (k,1) . Eq (10)

If the covariance matrix @  of the noise is known, then this covariance mafrix may be

used in place of o -1 in equation (10).
[0053] The base station may perform MMSE processing for each subband % in each
symbol period  of each hop period ¢, as foilows:




maxi mal ratio conmbining (MRC) technique, and so on. [0050] For the
zero-forcing technique, the base station may derive a spatial filter matrix
M (Jr. t) for each subband kin each hop period t, as follows: WO

2006/ 009715 PCT/ US2005/ 021056 15 M.(k, t) =[HH (k, t) H(k, t)]-' HH (k,
t) ., Eq (8o:zmbemers” H " denotes a conjugate transposepciigobagessst ati on
estimates the channel response matrix H(k,t) for each subband, e.g., based
on pilots transmitted by the termnalsig The base station then uses the

esti mated channel response matrix H(k,t) to derive the spatial filter
matrix. For clarity, the foI | ow ng descri ption assunmes no estimation error

so that I1(k,t)=H k, i N d to be constant across hop
period t, the sa :g%nt’i B "I"*teg?‘ )n%i ﬁ%’z’nﬁ)’ maybe used for all synbol
periods in hop period t. [005}] The base station may gerformzero forcing
processing for each SUbband:lkmmlefkt)E%:bhe@ytaﬁﬁ(kﬂébﬂ]@an +afk.badh, hEﬂ)(blérl od t,
as follows: i (k,t,n) = Mf(k,t)r(k,t,n) [HH (k, t) H(k, t)]- H' (K, t)
[H(k, t) x(k, t, n) + n(kg ktr;l))]m,mmgrg) =x(k,t,n)+n . (k,t,n) where
i1(k,t,n) is a vector with L "det ect'ed” data synbol s for subband ki n synbol
period n of hop period t; and u,- (k, t, n) is the noise after the
zer o- f or ci ngvhpreo@essiing. is Adﬂgmmd:v@bmtamtainmrﬂmdﬁagmahﬁem@m ot eatok a dat a

synbol sent by a terminal. [0052] For the MVBE techni (kl;g, t he base station
may derive a spatial EVEL, e Sl G Ol\/lll}n;séfésf@‘ﬁ,dlﬂgiMn%( cHsObwadd ki n each

hop period t, as fol LM, : = [ HH t) H(k, t) + U2, I]-" HH
(k, t) Eq (10) Efnnrst(ﬁé%ﬁgﬁ@hgé@%%?W$]%HW ighe noise is known, then
this covariance matrix may be wused in place of a2 | in equation (10).
[0053] The Hheeymbaltasimatonfromethé spainMIUBE My, od&s}¥ iaragurinormal et eginwdesmd ki n
each synbol period n of each hop period t, as follows: WO 2006/ 009715

PCT/ US2005/ @il (easmit symbols in x(%,z,n The multiplication with the scaling matrix

! (k1) provides normalized estimates of the transmit symbols.

[0054] For the MRC technique, the base station may derive a spatial filter matrix
(k,1) for each subband % in each hop period ¢, as follows:

—mrc

M, (k1) =H"(k,1) . Bq (12)

[0055] The base station may perform MRC processing for each subband £ in: each
symbol period 1 of each hop period ¢, as follows:

j_i_mra (k!tﬂ H) = D.;:lrc (ks t) : M..mrc (kz t) 'E(k: t, ?1) 3

= Do, () - B (b, 8)  [H(E, 8) - x (K, 2,m) + m(k, 2, 1)] Eq (13)

=x(k,t,n)+1,,.(k.tn) ,

where D,..(k,f) is a diagonal vector containing the diagonal elements of a matrix
(17 (k,7)- H(k,1)], or B, (k,2) = diag [H" (k,2)- H(k,7)]; and
n,. (k,i,n) is the noise after the MRC processing.

[0056] In general, different sets of terminals may be assigned to different subband
groups in a given hop period, as determined by their FH sequences. The N terminal
sets for the N subband groups in a given hop period may contain the same or
different numbers of terminals. Furthermore, each terminal set may contain single-

antenna terminals, multi-antenna terminals, or a combination of both. Different sets




16 xmse(k,t,n) =Dmrse(k,t)' Mmnse(k,t)r(k,t,n) , =D
. n) +

me(k,t). Mmse(k,t)' [H(k,t)"'x(k,t, n(k,t,n)l , Eq(11)

=x(k, t, n)+nmse(k,t,n) ,1' where D,,.,,(k,t) is a diagonal vector containing
t he di agonal elenents of a matrix [M,nse (k, t) H(k, t)] , or DmBe (K,
t) =diag [M,,,,1le (k, t) H(k, t)] ; and nmse(lyt,n) is the noise after

t he MVBE BHoWeEMPH. The synbol estinmates fromthe spalCRERUSHITRESN le(k,t)
are unnormal i zed estinmates of the transmt synbols in x(k,t,n). The
multiplication with the scaling matrix 1D,,,,nse (k, t) provides nornmalized
estimates of the transmt synbols. [0054] For the MRC techni que, the base
station may derive a spatial filter matrix L | t) for each subband kin each
hop period t, ofgrhivalsqwhichvhay, fdairt Jortdif khetshme deEqliffd)t nop®eHS]T tdindndigse
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to different t}gﬁg PS....N | Vil i ad, gl by their
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period nmay CORkiulhs td@arSRERfBdrent dafals Bl 1o MOBRE StaBbn.t €r M nal s. Furthernore,
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di fferent nunbers of termnals I gne ven subband in
di f f er ent hop bpespacdksl byThe badeatatieh based on their uncorrelated spatial signatures, which

are given by their channel response vectors h,, (f,#). This allows FH-QOFDMA to

enjoy higher capacity when the number of antennas used for data reception increases.
Furthermore, FH-QOFDMA reduces the amount of intra-cell interference observed
on each subband in each hop period so that better utilization of the additional
capacity created in the spatial dimension can be achieved.

[0058] FIG. 5 shows a block diagram of an embodiment of single-antenna terminal
110a and multi-antenna terminal 110u. At single-antenna terminal 110a, an encoder/

modulator 514a receives fraffic/packet data (denoted as {d,}) from a data source

512a and possibly overhead/signaling data from a controller 540a, processes (e.g.,
encodes, interleaves, and symbol maps) the data based on one or more coding and
modulation schemes selected for terminal 110a, and provides data symbols (denoted

as {x,}) for terminal 110a. Each data symbol is a modulation symbol, which is a

complex value for a point in a signal constellation for a modulation scheme (e.g., M-
PSK or M-QAM).

[0059] A symbol-to-subband mapper 520a receives the data symbols and pilot
symbols and provides these symbols onto the proper subband(s) in each symbol
period of each hop period, as determined by an FH control from an FH generator
522a. FH generator 522a may generate the FH control based on an FH sequence or a
traffic channel assigned to terminal 110a. FH generator 522a may be implemented
with look-up tables, PN generators, and so on. Mapper 5202 also provides a zero

symbol for each subband not used for pilot or data transmission. For each symbol




response matrix H(k, t) for each subband in each hop period is determ ned by
the set of termnals using that subband in that hop period and contains one
or nore vectors/colums for each termnal transmtting on that subband in
that hop period. The matrix H(k,t) may contain nultiple vectors for a
termnal using nultiple antennas to transmt different data synbols to the
base st at Mgh200p/0B315 As shown above, the multipl e dat arCranzni/edisens sent
simultaneously fromup to L term nals on each subband k in each synbo
period n of each hop period t may be sidparated by the base station based on
their uncorrel ated spatial signatures, which are given by their channel

response vectors h,,,, (k, t). This allows FH QOFDVA to enjoy higher
capaci ty whenpdried, AlpRers20h catpusK atmsibe Gyhbsls dat therleaenl hdBaidacvBases.
Furt her nor e, I%H- QOFDNVA reduces the amount of _intra-cell interference

observed on eBHaawbafebol maghe A difa pypRali il syrebrl origereretyntbel | i zat i on of
the addiges@nal = CaRAGHMCHERHAG: 580al f1€ciRAK! BlnsliBAHOANE Mctb Syt eved.

[ 0058] 5 shows a blo agram of an e I ment” of single-antenna
term nal  110permdcindgendratess emespandmgiOIM Ep@hol fat thei sygibel pexiodn QDM i nal

110a, an encoder/ | at or, 514a recel t.raffic/ pa da depoted as
{da}) froma ﬁ‘gfh&atgggg@‘jemc%f%méﬁrﬂ’ eﬁS?%ﬁ\{gf";‘)“%fvE?lﬁg"éﬁ/ @@aﬁ“ﬁ%’%é’% 2 rom a
control | er 54Palic Prdkesmetitdr &39. ,For @ 1 béric; MW esit 53D erabifodde! K maps)
the data based on_one_or nore coding an nodul ati on schenes sel ected for

ternminal 110atransadf sypbelsde thedipedermdinusins ¢ aprintdgET 4 obiaina “agsformsdni nal
110a. Each da i realolUL RN by el ol Sonml al ue for
a point in a EI 3’% g%%dé?%ﬁ(atl on dg? a %%%ag%?%ﬁr}ﬁgééhi@pge- g. ,ee[glbgPSI C or
M QAM . [ 0059frankmstyatbiol cne camplelmEndd. n@ypler prefo geneger §Esrapbats dabdiosyofbol s and

pilot synbols and ovi des .t hese synb nt I‘{ﬁ@pro er subband(,s) in each
symbol  peri oﬁacgftraélgtléﬂn ‘E’nﬁ’é’??%goma@ ﬁ@é(fﬁxlﬁ@é cgﬂl%Eﬁ @3&??@}1&#0m an FH
generator  52%fere HigBROMMRE ob dAdpleRYeifE RPEALE TG rEidata n Rasged on an
FH sequence or a traffic_channel assigned to term nal 110a. FH generator

522a may be i ppdled Abieliccpretiy e ip yesd-th poritbas 1 ¥lscausn) by draipency selectiigdadieg. on.
or dat a1 anchy A SRER RetTQ P lRF RS T R sk B s T
symbol and is equal to N+C sample periods. OFDM modulator 530a provides a
stream of OFDM symbols to a transmitter unit (TMTR) 536a. Transmitter unit 536a
processes (e.g., converts to analog, filters, amplifies, and frequency upconverts) the
OFDM symbol stream to generate a modulated signal, which is transmitted from an
antenna 538a.
[0061)] At multi-antenna terminal 110u, an encoder/modulator 514u receives traffic/

packet data (denoted as {d,}) from a data source 512u and pdssibly

overhead/signaling data from a controller 540u, processes the data based on one or
more coding and modulation schemes selected for terminal 110u, and piovides data

gsymbols (denoted as {x,}) for terminal 110u. A demultiplexer (Demux) 516u

demultiplexes the data symbols into T streams for the T antennas at terminal 110u,

one data symbol stream {x,;} for each antenna, and provides each data symbol

stream to a respective symbol-to-subband mapper 520u. Each mapper 520u receives
the data symbols and pilot symbols for its antenna and provides these symbols onto
the proper subband(s) in each symbol period of each hop period, as determined by an
FH control generated by an FH generator 522u based on an FH sequence or a traffic
channel assigned to terminal 110u. Up to T different data symbols or pilot symbols
may be sent from the T antennas in each symbol period on each subband assigned to

terminal 110u. Each mapper 520u also provides a zero symbol for each subband not




18 period, mapper 520a outputs K transmt synbols for the K total subbands,
where each transmt synbol may be a data synbol, a pilot synbol, or a zero
synbol . [0060] An OFDM nodul at or 530a receives Ktransmt synbols for each
synbol period and generates a correspondi ng OFDM synbol for that synbol
peri od. OPPNRONGHEAIIEL or 530a i ncl udes an inverse fast Fommisewsoresst or m
(I'FFT) unit 532 and a cyclic prefix generator 534. For each synbol period,
| FFT unit 532 transforns K transmt symbols to the tine domain using a
K-point IFFT to obtain a "transfornmed"” synbol that contains K timnme-donain
sanpl es. Each sanple is a conplex value to be transmtted in one sanple

period. Cycli gsdarff i ﬁotqgraﬁfaaﬁﬁfsmmnraﬁwqai 8ach sRRIbb] ﬁtﬁhoﬁf outﬁ@@ﬂ( tramnsf or med
synbol to form an that contains N+ where Cis the

nunber of sanﬁm@lb@”f I%@@ap@@ndsrtﬁ@cp@wa@@ag Qﬁgﬁm@dulgt%ﬁ% called a
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g; 0one G:D'c\i/l @ynmb![peffhﬂns @Fﬁdulamodhlmbir ﬁn(Ihs&rphnsansymbiﬂs @@ﬂnﬁ_ﬂﬁt&ﬂllaag gg

a provides a s n a.
Tr anslron tter ufPEesB nb%bég: g!%‘iyégpgl ts]gbetip&?;# duhtér gg@

anmplifies, an%ﬁﬁgﬂ%@ﬁr&m\é&em of b?mpr%oiy pal traﬁisfn@@émdlﬁs gemnprate a
nodul ated signal, which'is transmtted froman antenna 538a. [0061] At

mul ti - ant enna farenghi 5341t 1Epetiveln E@dtwwttmamt 3@y progesersritsSHRM sympelf f i ¢/
packet oot (G0 EHL B0t LAY ST T AR TN Yocos o

over head/ si gna roma ¢ proocesses

one or nore mdsmngexanﬁtsﬁﬁﬁulthﬁougnsmhmmﬁatﬂadﬁaﬁemaeﬁﬁmalthrdﬂgm and
provi des data nbol S %ienot ed as {x"}) for termnal 110u. A denultipl exer
(Denux) 516u efﬂeﬁ ®s the data synbols into T streams for the T

ant ennagogga] t er m n@bnt%@lleg'MOa%ﬁ 3484 Qirsdt TRObpRiticRdM ténthinald 1{(Rran@aqhy ant enna,
and provi des each dat aeMy streamto a respective synbol -to- subband
1B

mapper 520u. Eesobetivelyp gouumbwava@d 54gn groyideastepab G sprogramiodet aly mhol s
for its antengﬁ‘aqln co%’crﬁﬁ Ogm%%dgxé‘rbgésg%e%l?mthe proper subband(s) in

each synbol eac errod ned by an FH control
gener at 00ddy an FHFDENEKAGWY a 52:214 dingredopm embddinesioqferasestational 20 affei C
modulated signals transmitted by the U terminals selected for data transmission are
received by R antennas 612a through 612r, and each antenna provides a received
signal to a respective receiver unit (RCVR) 614. Each receiver unit 614 processes
(e.g., filters, amplifies, frequency downconverts, and digitizes) its received signal and
provides a stream of input samples to an associated OFDM demodulator (Demod)
620. Each OFDM demodulator 620 processes its input samples and provides
received symbols. Each OFDM demodulator 620 typically includes a cyclic prefix
removal unit and a fast Fourier transform (FFT) unit. The cyclic prefix removal unit
removes the cyclic prefix in each received OFDM symbeol to obtain a received
transformed symbol. The FFT unit transforms each received transformed symbol to
the frequency domain with a K-point FFT to obtain K received symbols for the K
subbands. For each symbol period, R OFDM demodulators 620a through 620r
provide R sets of K received symbols for the R antennas to a receive (RX) spatial
processor 630.
[0065] Receive (RX) spatial processor 630 includes K subband spatial processors
632a through 632k for the K subbands. Within RX spatial processor 630, the
received symbols from OFDM demodulators 620a through 620r for each symbol

period are demultiplexed into K vectors of received symbols, r(k,z,n) for




channel assigned to terminal 110u. Up to T different data synmbols or pil ot
synbols may be sent fromthe T antennas in each synbol period on each
subband assigned to termnal 110u. Each mapper 520u al so provides a zero
synbol for each subband not WD 2006/ 009715 PCT/ US2005/ 021056 19 used for
pil ot or du@avosienisin ssion and, for each synbol peri odpcoupiatslsest ransm t
synbols for the K total subbands to a correspondi ng OFDM nodul at or 530u.

[ 0062] Each OFDM nodul at or 530u receiveg K transmt synbols for each synbol
period, perforns OFDM nodul ation on the Ktransmt synbols, and generates a
correspondi ng OFDM synbol for the synbol period. T OFDM nodul at ors 530ua

t hrough 530ut pprovide (hist Lg £a G s AP nhStedsold S M LBl phYit S 536ua
t hrough 536ut, re'speE:tv%EJ\llat y. a@gﬁ transm t'?gr aur??t 65S§6u processeS lzh’“:?dtls OFDM

synbol st r eapioadscbrgBi el et receives aosphitd fidecimagixndi{k) p tfeditssubbald, pdfomdul at ed
signals from transmtter units 536ua through 536ut are transmtted fromT
ant ennas 538uteceikierospptial B®cepsing presibetd) velith. M@OB33s dossribed labew, 3ada and
540u direct the gperation at term nals 110a and, 110u, respectively. Menory

unit 542a andPwmxsigs psHPH&(et.g) Rfclctcsied siatsgivabelio diy early symbrlrerisddK by
troll 540 d 540 timely. .[0064] FI | di
o bmoos canpaR oY st RORRIGHE s R & BB SR S B, L

the U term nalgictekEet 8¥ férQhe RatBbahdAo ar¥iBuheo-sifbol HBGEIPELURY R antennas
612a t hrough 612r, and each antenna provides a received signal to a

respect {0p66]r ecei vebPemapper (ROVRM NG fhe. K. Eete of deteded data symibol6 fot qarlospsisds
(e.g., filters,, anpl.ifies, fregquency d converts, ,and digitizes) ,its
recei ved si gnaq“mgr?&d Pﬁ?%@ﬁsd%?cggéﬁheﬁé{m%\é\g reAGh Al & opt aagriire%s{':?@g at ed
OFDM denodul at.or nod 20. Each Of e ul at or .620 ocesses its input
sanpl es and pﬁo&}}i%ggm}@t&%\‘?gdms@%bﬁ!’Q%ﬂ%% H%ar%_ Fg o'ign%“?% ®pically
includes a cyglibgnifdaely ¥n FEEERYR] g;éﬁ%fatteda@,dﬁF@%&neﬁ%rG@rbaﬁéﬁﬁwm( FFT)
unit. The cyclic prefix renoval unit renpoves the cyclic prefix in .each
recei ved OFD\Vsasyertselor thoflpbetainnel aasvignedi to gkt ternamedf ok demoduiatpidecodm&dSEFFT uni t
transforns each received transfornmed . ,synqol to e freqguen inwth a
K point FET CEUsE0E 1o pubER, A ot Ryt U REecabg Gkt B

symbols {£ } for each terminal and provides decoded data {d, } for the terminal,

[0067] A channel estimator 634 obtains received pilot symbols from OFDM

demodulators 620a through 620r and derives a channel response vector for each

antenna of each terminal transmitting to base station 120 based on the received pilot

symbols for the terminal. A spatial filter matrix computation unit 636 forms a

channel response matrix H(%,?) for each subband in each hop period based on the

channel response vectors of all terminals using that subband and hop period.

Computation unit 636 then derives the spatial filter matrix M(k,¢) for each subband

of each hop period based on the channel response matrix H(k,#) for that subband
and hop period and further using the zero-forcing, MMSE, or MRC technique, as
described above. Computation unit 636 provides K spatial filter matrices for the K
subbands in each hop period to K subband spatial processors 632a through 632k.

[0068] A controller 660 directs the operation at base station 120. A memory unit 662
provides storage for program codes and data used by controller 660.

[0069] For clarity, quasi-orthogonal multiplexing has been specifically described for
the reverse link of a frequency hopping OFDMA system. Quasi-orthogonal
multiplexing may also be used for other multiple-carrier communication systems

whereby the multiple subbands may be provided by some means other than OFDM.




subbands. For each synbol period, R OFDM denodul ators 620a through 620r
provide R sets of K received synbols for the R antennas to a receive (RX
spatial processor 630. [0065] Receive (RX) spatial processor 630 includes K
subband spatial processors 632a through 632k for the K subbands. Wthin RX
spatial proeeysseI’680, the received synbols from OFDVedemseiokatiozsss 620a

t hrough 620r for each synbol period are denultiplexed into K vectors of
recei ved synmbols, r(k,t,n) for WO 2006/09715 PCT/ US2005/ 021056 20 k =l

K, which are provided to the K spatial processors 632. Each spati al

processor 632 also receives a spatial filter matrix MKk, t) for its subband,
per f or mppp70pCei Ver QaRabiiddgoRilAaRISHIcRE QﬂaTyf 4140 be R3edot MdMdswhnt 18k, dRsCri bed
above, and provides a vector x(k,t,n) of detected data synmbols. For each
synbol peri odexanple geiminal sewipped with nBdIDle ARteIIGH B IRCSHOVATBANEIESI8 of

detected data Sl tar t a
subband-t o- syrfrlﬁ%ﬁmgﬂgﬁlaep%ggsgﬁgﬁ ?C%g%f’%%a : ppe}%%ﬁbé%gtdafitﬁg%@q ibésgt s of
det ect ed dat astateahsatiosubbachinsegcbgimbopperioddl Badh lpsostaidesmele reshaidodat a
synbol s for egch term nal mopto tream for that term , Jhere in
2 a0 Ty oot ABbEy B R Hi e, Pise' Satoa SRG I i
control gener gh@thaDYTIRFH EE@IBARE abRAbyEH dBRABEDAD staEnsHbr (1RAHHBNE QT

traffic channel assigned to that termnal. A denodul ator/decoder 65
processes (e. 8ot besguiinspnal daens aneidpnt Multeds base siaiiong swyawsd mulépledeect ed

data synbols e ] | . for the
term nal . [00(53‘){'}“]?&5’%S élﬁghﬁn%%gésﬁa%hﬁggl}heg%%‘e%ﬁépﬁg&?g?g?@e:%ngﬁ%gvﬁés%v Jol's from
OFDM denodul giess SHEsGaencby cnlide. 620¢ tamdhatl @raywes racebheaspatial paspaingetovect or
for each antenna of each it%ﬁn}lnal tr nsrrit.ti|'11 t 0o _base statio% 120. based on
the recei ved PPRGEe S¥yipBudipihdaiy Aambels it i t%ﬂ@aﬂvioaﬂhﬁr PG iy

conput ati on URielsaf3 8yl BEricH byciia A@ipld BRoaRdsRE ri x H(k, t) for each
subband in each hoghperl od based on the channel response vectors of all

t er m nall®7dki ng t hdke sypBanbogmel ropiperns declnmoyes desaribedh higrdin 836 behen
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in hardware, software, or a combination thereof. For a hardware implementation, the

processing units used for quasi-orthogonal multiplexing at a transmitting entity (e.g.,
as shown in FIG. 5) may be implemented within one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field programomable gate
arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, other
electronic units designed to perform the functions described herein, or a combination
thereof. The processing units used for quasi-orthogonal multiplexing at a receiving
entity (e.g., as shown in FIG. 6) may also be implemented within one or more ASICs,
DSPs, and so on.

[0072] For a software implementation, the quasi-orthogonal multiplexing techniques
may be implemented with modules (e.g., procedures, functions, and so on) that
perform the functions described herein. The software codes may be stored in a
memory unit {e.g., memory unit 542a or 542u in FIG. 5 or memory unit 662 in FIG.
6) and executed by a processor (e.g., controller 540a or 540u in FIG. 5 or controller
660 in FIG. 6). The memory unit may be implemented within the processor or
external to the processor.

[0073] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various

modifications to these embodiments will be readily apparent to those skilled in the




and hop period and further using the zero-forcing, MVSBE, or MRC technique,
as described above. Conputation unit 636 provides K spatial filter matrices
for the K subbands in each hop period to K subband spatial processors 632a
t hrough 632k. [0068] A controller 660 directs the operation at base station
120. A nemop yoemior15662 provi des storage for program cedessmighdaesa used by
controller 660. [0069] For clarity, quasi-orthogonal nultiplexing has been
specifically described for the reversexdink of a frequency hoppi ng OFDVA
system Quasi-orthogonal nultiplexing may also be used for other

mul tiple-carrier connunlcatlon systens whereby the nultiple subbands may be
provi ded by s ohe 1056 21
[ 0070] Quasi-ort ogon %E?%P%P%EF%%Q%%§¥%%é%@gégﬁgﬂ%fﬁ(ﬁﬁIt#gﬁ@géﬁg%d i nk.
For exanpl e, wathowr dpading efiri phe dpinit ton scopet pHite tavewimas Thay the pedso dat a

of he mul t1 piteRipeg nat B s Heieh W ihssandome BnnTe frst SRes O - Each

base station p&yrdet dSWidestlsCopelcbisidtat Withahe pisiolestanditoh- e feattiref tisslestdence
that the base statlon assigned to the termnal. The FH sequences used by

the differenthey8%e stations for the terninal may not be orthogonal to one
another. Miultiple base stations may send nultiple data synbols on the sane
subband in the sanme synbol period to the term nal whenever these FH
sequences cOVHAGEIS ChAIM@INIS2al nay use receiver spatial processing to
separate out the nmultiple data synbols sent sinultaneously on the sane
subband in the sane synbol period by the nultiple base stations. [0071] The
guasi -ort hogonal multipl exi ng techni ques descri bed herein nay be

i npl enented by various neans. For exanple, these techni ques nay be

i npl emented in hardware, software, or a conbination thereof. For a hardware
i npl ementation, the processing units used for quasi-orthogonal nultiplexing
at atransmtting entity (e.g., as shown in FIG 5) may be inpl enented

Wi thin one or nore application specific integrated circuits (ASICs),

digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmabl e | ogi ¢ devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, mcro-controllers, mcroprocessors, other



el ectronic units designed to performthe functions described herein, or a
conbi nation thereof. The processing units used for quasi-orthogonal

mul tiplexing at a receiving entity (e.g., as shown in FIG 6) may al so be
i npl enented within one or nore ASICs, DSPs, and so on. [0072] For a
software i npl enentation, the quasi-orthogonal nultiplexing techniques may
be inplenented with nodules (e.g., prgcedures, functions, and so on) that
performthe functions described herein. The software codes may be stored in
a nmenory unit (e.g., menory unit 542a or 542u in FIG 5 or nenory unit 662
in FIG 6) and executed by a processor (e.g., controller 540a or 540u in
FIG 5 or controller 660 in FIG @LAIM® nenory unit nay be inplenented
within the processor or external to the processor. [0073] The previous

description of the disclosed enbodinments i rovi ded to enaple any person
Skilled in the artAtbhakal sige {rweﬁ%giﬁgnqsrwéﬁ%ﬁm%quno%tem
nndificag&ﬁgﬁﬂﬁ' t hese enbodi nents will be readily apparent to those skilled
in the WD 2006/009715 PCT/ US2005/ 021056 22 art, and the generic principles
defi ned her ei detenayining Iapph iofdrafio: ciidneels dorived foreldttsrminils selattedidpadati ng fr om

the spirit or. sco of . the invention. Thus, the present. invention is not
|t ended "PTHRT BEE 080 H® SIGTE AR bt Reral i RS T e
accorded¢hiiR MafR3 tHRE Qdéeorﬂ%?%aff @ Bhe Whdther! el PhERE Bbem@hehdnayelin f eat ures
di scl osed herein. WHAT IS CLAIMED | S: 23 CLAIMS 1. A nethod of assigning

f r equencyachubbandet drtogorsdmibarelicicbmnsissn eash of dlandpr i ehergetsanider i ni ng L
sets OT t r af f h&s %pnantlﬁ}glﬁ aérﬁ]iﬁﬁ?sewfitﬂ It eU tr%ﬁ{crghg%lle?s fne{h%cﬁ %gts,f &ﬁergﬁit ch
transm ssi on, V\ﬁeré an are eac one or dgreater, whér’el N~ eac Set

i ncl udes t@fflct tipheel isr abddisted Matnehs ot hadre afi@uendyhegbaads t uandorat@s her, and
wherein the traffic channels in  each set are not orthogonal to the traffic
channel s URPSIEEEN HF e@ql?etr{nsqnggtqqemt%@l,sgndaw erein data transmissions for the U

terminals are sent using the traffic channels assigned to the U terminals.

2. The method of claim 1, wherein the system utilizes frequency hopping
(FH), and wherein each traffic channel in each set is associated with a respective FH
sequence that pseudo-randomly selects different frequency subbands in different

fransmission intervals for the traffic channel.

3. The method of claim 1, wherein the traffic channels in each set use
frequency subbands that are pseudo-random with respect to frequency subbands used by

the traffic channels in each of the L—1 other sets.

4. The method of claim 1, wherein L is a minimum number of sets to support

the U terminals.

5. The method of claim 1, wherein each set includes N traffic channels,

where N is greater than one and L times N is equal to or greater than U.

6. The method of claim 5, wherein one set of traffic channels is selected if U

is less than or equal to N.

7. The method of claim 5, wherein L = ‘7%1 .




assigning the Utermnals with the traffic channels in the L sets, wherein
each traffic channel is associated with one or nore frequency subbands to
use for data transm ssion in each transm ssion interval, and wherein data
transm ssions for the U termnals are sent using the traffic channels
assigned to the Utermnals. 2. The nethod of claim1l1, wherein the system
utilizes frequency hopping (FH, andgwherein each traffic channel in each
set is associated with a respective FH sequence that pseudo-randomy
selects different frequency subbands in different transm ssion intervals

for the traffgc chann@kihodof dhien MELARG c@ﬂhpﬁéiag;m 1, wherein the traffic
channel s in each set use frequency subbands that are pseudo-random w th
respect egargegbencierauBlanwsl ggwgs piterminalss ongfgrpep ehgmark fpicash®h of t he

L-1 ot he : [ et L L 1eR] nber of
set s to fpertor T BrfEethplin Soll ks o BB et Bod R BT et
i ncl udes fildnt 2 @ffacdvesvanhiedfbic chaudnelse N is greater than one and L tines Nis
equal to or greater than U. 6. The nmethod of claim5, wherein one set of

traffic channgls is selected.if.U_is less than or equal to N, .7. The nethod
of claimb5, wherei ﬁhq_ mP% od\pf FJF‘E“{‘ 4 Vﬁl@felﬁ'ﬁlée Er@tteﬁgléflagsf g ggqp!gic} Bk her

conpri st Behypdbdsefieh P&eiv@@si?nil%{;ﬁ'ﬁtik@'a@hié%ﬂ(?oﬂ-thgU%]F?ﬁn&)lfs. termnals, one group
of termnals for each of he sets of traffic channels, wherein each group
of termnals is assigned traffic channels froma respective set of traffic
channel s. 9. The nEhhorthod ef elpim 8, whesiersrht greup) inwdpdes deymgnals dawpg anged

into L gfng%gfecgﬁgf?%gﬁﬂg@g@fésyed signal qualities achieved for the U

term nal s. claim9, wherein each group includes termnals
having simlar received signal qualities. 11. The nethod of claimS8,
wher ei n t he Ult.er nThahsctiaodeockandegdviiandin the LHtompsldasearogedantgi ns
achieved b tge éJterm'.naI ﬁl V\,H rein a margin. for a termnal is. .

groups based on margins achieved by the U terminals, wherein a margin for a terminal is

indicative of a difference between a received signal quality achieved by the terminal and

a required signal quality for the terminal.

12, The method of claim 8, wherein the U terminals are arranged into L
groups based on spatial signatures of the U terminals, wherein a spatial signature for a

terminal is determined by a channel response for the terminal.

13. The method of claim 2, wherein the L sets of traffic channels are
associated with L pseudo-random number (PN) codes, one PN code for each set of traffic
channels, and wherein FH sequences for the traffic channels in each set are generated

based on the PN code for the set.

14, The method of claim 13, wherein the L PN codes for the L sets of traffic

channels are different time shifts of a common PN code.

15, The method of claim 1, wherein frequency subbands to use for each set of

traffic channels are determined based on a respective mapping table.

16.  An apparatus in a communication system, comprising:
a controller operative to
determine L sets of traffic channels to use for U terminals selected for data

transmission, where L and U are each one or greater, wherein each set includes multiple




indicative of a difference between a received signal quality achieved by the
termnal and a required signal quality for the termnal. 12. The nethod of
claim8, wherein the Utermnals are arranged into L groups based on
spatial signatures of the Utermnals, wherein a spatial signature for a
termnal is determined by a channel response for the termnal. 13. The

met hod of claim2, wherein the L sets,:of traffic channels are associated

wi th L pseudo-random nunmber (PN) codes, one PN code for each set of traffic
channel s, and wherein FH sequences for the traffic channels in each set are

gener at egrRag Rt b ﬁreP&luﬁ%@l@a fi®ond Bﬁotﬁ&t andl §herEBEhEBEIRE cRfun€lk ah M 13,
wherein the L PN codes for the L sets of traffic channels are different

ti me shi fach sef are nefonthegoPlicibe &: afﬁ_’@EhaWéﬁ imeadhod tlagf Lcll ethen sets, sitdler ei n
frequency su bbandsasts%n#@eU tgrmlﬁﬁ ltﬁ ?tieé?afg\naha%{qéls ﬁlh %.n&?s Whiefh é%gltx erm ned

based on a respect 'V ppi ng apparatus i'n-a conmuni cation

system afffer tignA@: is &seambd O.)lrlﬂﬁbn@ml’lﬁ@ﬂeVﬁeunn@e‘Slﬁj’lﬁhcﬂ}ﬁtd_ usetfer odatraffic
channels to use for Utermnals selected for data transnission, where L and
Uare eadRnwiesien inyeesdt gansmigsianeinteradic pcs siherefc e deansmissiops &orote Yraffi ¢

channel s R ¢t | D& o t ¢ in the traffic
channel St%rﬁ%aés‘gzgﬁséé’]@ﬂ gg{éﬁ}& %ﬁa Igeg%%g{g ﬁ)ot ﬁé;ﬁt %@ﬁiﬁc channel s in each of
the L-1 other sets, and assi gn the Utermnals with the traffic channels in
the L sets, rel each ég annel is associ.n g.mnth ne .or nore

i.c C
frequency subB nds %a@%%ﬂﬁ% ‘Hﬁ@aprWQﬁgﬁﬁgéY%ﬂn“H FPAP e @ggon

i nterval ,rFANGaWRAIRIRA Haf ﬁaitﬁrcad?lﬁﬁﬂé% QA {e@tis Eﬁ%mh{edtvﬁmrh Radpsciperigent using
t he trafflc channel s assigned to the Utermnals. 17. The apparatus of claim

16, wher egquendse tls%ﬁsp@ndmamdpm@s stleeiguenieyenholpgrivaney (SPbhandaind WH&r®itn each
traffic %panne |p ?9 4 @Ftﬁlﬁ soglated with a respective FH sequence

t hat pseu&gsmlgﬁ%nfey efé e?‘}t frequency subbands in different
transm ssion intervals for the traffl c channel. 18. A nethod of transmtting
data in a comBni catim&hodyiaemittiogpats fi ngmmatitaionisiger, dongkiking: channel to

use for data transm ssion, wherein the traffic
obtaining a traffic channel to use for data transmission, wherein the traffic
channel is selected from among 1. sets of traffic channels, where L is one or greater,
wherein each set includes multiple traffic channels that are orthogonal to one another,
wherein the traffic channels in each set are not orthogonal to the traffic channels in each
of the L—1 other sets, and wherein the traffic channel is associated with one or more
frequency subbands to use for data transmission in each transmission interval; and

mapping data symbols onto the one or more frequency subbands belonging to the

traffic channel,

19.  The method of claim 18, wherein the system utilizes frequency hopping
(FH), and wherein each traffic channel in each set is associated with a respective FH
sequence that pseudo-randomly selects different frequency subbands in different

transmission intervals for the traffic channel.

20. The method of claim 18, wherein each set includes N traffic channels, and
wherein L is a minimum number of sets to support U terminals selected for data
transmission, where N is greater than one, U is one or greater, and L, times N is equal to

or greater than U.

21.  The method of claim 18, further comprising:




channel is selected fromanong L sets of traffic channels, where L is one or
greater, wherein each set includes nmultiple traffic channels that are
orthogonal to one another, wherein the traffic channels in each set are not
orthogonal to the traffic channels in each of the L-1 other sets, and
wherein the traffic channel is associated with one or nore frequency
subbands to use for data transm ssiong n each transm ssion interval,; and
mappi ng data synbols onto the one or nore frequency subbands bel onging to
the traffic channel. 19. The nethod of claim 18, wherein the system

utilizes frequepsg pPORRYAGols Ohtd) the andomheredicquansRubtaalié bdogdianteahe i n each
set is associated wth a respective FH sequence that pseudo-randomy
sel ect s Hpffceshaprel f wageiarihy dafaspd dlet pymbily pisrteapsmitiedpsitg e division erval s

for the hﬁﬁhﬁ%ﬁ?é@ﬁgﬂgl' 20. The nethod of claim 18, wherein each set

i ncl udes nnels, and wherein L is a mnimum nunber of sets to
support Utermnals selected for data transm ssion, where Nis greater than
one, U is one2br gtleatmathodarnd dlaiti rPds wheirsin etheadlats candopilgfr eatileols tanan U, 21.
The nethgd of. %Jgin118, further conprising: 26 mapping pilot synbols onto
the one SP"HIY KPBQIBAYY ™ Wubbands bel onging to the traffic channel, wherein
the data and pilot synbols are transmtted using tinme division nmultiplexing

(TDM . 22. Thes net igdmethod bRéANR 18, AvARE EdMipridiey:data and pil ot synbols are
transmtted fromone antenna. 23. The nethod of claim 18, further

conprising: deeralléiplekiagithrydaim syrelalninsy myBiple sireaws derl mpliple aesamend or

mul tiple_an S rel d r e mapped
onto the “@ﬁlteeﬁg&%r%?ae rbeo\({qwug)rrl%%‘/érh %tl%%g]a%é?%é%%@n%gtogg? ﬁgl 0’? % gr? &lmg hannel

and furt bgdbahdsabdongdiie theomfie chametiaall ddrthantanmitted2BomAm appetad us in a
communi cation system conprising: a controller operative to obtain a traffic

channel ®B°Y¥e for data transm ssi on, wherein the traffic channel is
selected fromanong L sets of traffic channels, where L is

24.  Anapparatus in a communication system, comprising:

a controller operative to obtain a traffic channel to use for data transmission,
wherein the traffic channel is selected from among L sets of traffic channels, where L is
one or greater, wherein each set includes multiple traffic channels that are orthogonal to
one another, wherein the traffic channels in each set are not orthogonal to the traffic
channels in each of the -1 other sets, and wherein the traffic channel is associated with
one or more frequency subbands to use for data transmission in each transmission
interval; and

a mapping unit operative to map data symbols onto the one or more frequency

subbands belonging to the traffic channel.

25. A terminal comprising the apparatus of claim 24.

26. A base station comprising the apparatus of claim 24.

27. A method of receiving data in a communication system comprising:
determining traffic channels assigned to U terminals selected for data
transmission, wherein a traffic channel is assigned to each terminal and is selected from

among L. sets of traffic channels, where L and U are each one or greater, wherein each set



one or greater, wherein each set includes nmultiple traffic channels that are
orthogonal to one another, wherein the traffic channels in each set are not
orthogonal to the traffic channels in each of the L-1 other sets, and
wherein the traffic channel is associated with one or nore frequency
subbands to use for data transm ssion in each transmssion interval; and a
mappi ng unit operative to map data syyols onto the one or nore frequency
subbands bel onging to the traffic channel. 25. A term nal conprising the
apparatus of claim24. 26. A base station conprising the apparatus of claim

24. 27. mhdiRfchoshi@fic 1R Yhdndeld aha drd) oﬁh@%ﬂﬁﬂuﬂ@i &t drdifhes Y SideWh&ORPhE Si NY:
determning traffic channels assigned to termnals selected for data

t ransni sé$adiv, chapesleinneagh setare net aHwandl t¢ Siedeliopleaanels iegadh afdhednhl and is
selectedohkpgkggggng L sets of traffic channels, where L and U are each one
or greater, érein each set 27 includes multiple traffic channels that are
ort hogonal t oparessiwpaidietransanigiod esived tonehe trafffcf dhanehanigingd ktntheadch set are
not orthogonal to the traffic channels in each of the L-1 other sets; and
processiﬁﬁ”ﬂ%ﬂ%.transnissions received on the traffic channels assigned to
the U termnals. 28. The nethod of claim 27, wherein the systemutilizes

frequency hoppgng ThERethodNE MRS 81 RIRAGH tld dlsfehf uGRREIRGud Ry BREHIngEL 1S
associated with a respective FH sequence that pseudo-randomy sel écts

di f f er ent(Fifly, eqd evlisyeis whthatrafici chadind fie cagit set tis assoointedivoith amespedadestifior t he
traffic channel ., 29. The thod of claiyn 27, .wherein each set ,includes N
Lratti o SRARAG o prpERbaRy Sl Al rEhEhT DobRids R ABEla " o o
great er tyhasmikhiommerwhere ke tkaffi® chaan#l Ni mum nunber of sets to support the U
termnals. 30. The nethod of claim 27, wherein the processing the data

transm ssions __conpri ses obtainjn% a group of regeived'sanbols for each of K
frequency subBnds Theapthasy of elatm 27 shaginseichwet BgbeyMoliptiicrdroilng R

received vﬁﬁép@pﬁ li§g1f69rér RaRBHERNAS HmARI € egfla"liﬂ)dor greater than U, and wherein L is

a minimum number of sets to support the U terminals.

30.  The method of claim 27, wherein the processing the data transmissions
comprises

obtaining a group of received symbols for each of K frequency subbands used for
data transmission, each group including R received symbols for R antennas, where R and
K are each greater than one,

performing spatial processing on the group of received symbols for each
frequency subband to obtain a group of detected data symbols for the frequency subband,
and

demultiplexing K groups of detected data symbols for the K frequency subbands

in each symbol period to obtain detected data symbols for each of the U terminals.

31.  The method of claim 30, further comprising:
obtaining a channel estimate for each of the U terminals based on pilot symbols
received from the terminal, and wherein the spatial processing is performed based on

channel estimates for the U terminals.

32, The method of claim 30, further comprising:




K are each greater than one, perform ng spatial processing on the group of
recei ved synbols for each frequency subband to obtain a group of detected
data synbols for the frequency subband, and denultiplexing K groups of
detected data synbols for the K frequency subbands in each synbol period to
obtain detected data synbols for each of the Utermnals. 31. The nethod of
claim 30, further conprising: obtainiygg a channel estimate for each of the U
term nals based on pilot synbols received fromthe term nal, and wherein
the spatial processing is perforned based on channel estimates for the U

termnals. 32forhitg M@iahed réshotdeandiidtr ehelr dthed KaeugpencyisiBband8bask®bi ng a
channel response matrix for each of the K frequency, subbands based on

channel e&kanmnpisBRIakes fora gewgl e opmerdiermpla usiag therfiaqagensyisHbbadeandy equency
subband; and -1 V] : tial: fll i R thy HEequency
subbands baseagﬁﬂhgag&nghgﬁ%e &bégggﬁgéoﬂ%%?%ﬁmigﬁq?ﬂ% ??%qu%ﬁég'subband,
and wher ehannthesgpat imatrbpfoabs eqency erbbead lunfl vdguan che spabiblagvdcdssinger f or ned
with the spatial filter, matrix for the frequenc subband. 33. The nethod of
Ol at m 32 fouagh Beaicpre SESEES &t Polored Wi SPAreE Yt B Sebband |
further dggydaMgd based on a zero-forcing (ZF) technique. 34. The nethod of
claim 32, wherein the spatial filter matrix for each frequency subband is
further derived based on a m ni num nean square error_ (MVBE) technique. 35.
The nethod of 321 ai Fh@2nethrkboéi daitrh2s phieicil the [spasial nflter | Ratkigr fos aeaigh

frequency. su nd..i.S;f her [V on. . i .rati o conbi ning
(MRCO) t%aﬁgﬁlfﬁ?%gﬁé&bﬁéq ‘%&'é‘%ﬁ%r a dubggﬁ%n&gas%g%%}%ﬂﬁ%g?? )otre1 snf/iut%ém conprising:. a
controller operative to determning traffic channels assigned to U termnals

sel ected for data Thansdsthebiofnglaiwhépemmerit niad fspatiat dtenehatris fosséaghed t o
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technique.

35. The method of claim 32, wherein the spatial filter matrix for each
frequency subband is further derived based on a maximal ratio combining (MRC)

technique.

36.  An apparatus in a communication system, comprising:

a controller operative to determining traffic channels assigned to U terminals
selected for data transmission, wherein a traffic channel is assigned to each terminal and
is selected from among L. sets of traffic channels, where L and U are each one or greater,
wherein each set includes multiple traffic channels that are orthogonal to one another, and
wherein the traffic channels in each set are not orthogonal to the traffic channels in each
of the L-1 other sets; and

a processing unit operative to process data transmissions received on the traffic

channels assigned to the U terminals.

37.  The apparatus of claim 36, wherein the processing unit comprises
a spatial processor operative to obtain a group of received symbols for each of K
frequency subbands used for data transmission and to perform spatial processing on the

group of received symbols for each frequency subband to obtain a group of detected data




wherein each set includes nultiple traffic channels that are orthogonal to
one another, and wherein the traffic channels in each set are not
orthogonal to the traffic channels in each of the L-1 other sets; and a
processing unit operative to process data transm ssions received on the
traffic channels assigned to the Utermnals. 37. The apparatus of claim
36, wherein the processing unit conpgkﬁes a spatial processor operative to
obtain a group of received synbols for each of K frequency subbands used
for data transm ssion and to perform spatial processing on the group of

recei ved sg¥phoks thofreQRAEY SRAMERMErdN BRANGoUPoOREAI R JntioRUiRc@fiesdet ect ed
data 29 ‘synbols for the frequency subband, wherein each group of received

synbol s ireseivadiesmiRls fos Rednjentias yhiorsi B afidbK are each @reates thapteae.cinfk and K are each

greater than ogne, and a denultiplexer.operative {0 | £1.pl roups of
det ect ed dat aa;a?%E‘pgexF%?per he tﬁ ‘%F“&Eit?ﬁ%@%%‘ﬁ%éﬁ ggeﬁ%eégtaﬁsygﬁ;ﬁﬁgoﬁﬁperi od to
obt ai n deieec fregudhal autshndiah sadlodyn®atperiodfto bh@inldetcrtedidagl ssmb3B. forldaeh appar at us
of claim37, further conprising: a channel estimator operative to forma
channel ©EgBdhgemipalsri x for each of the K frequency subbands based on
channel estimates for a group of one or nore termnals using the frequency

subband; and ﬁg'com??lgr ?qd-a%uswiciagg@?!ﬁhhé’recoﬁfﬁrigﬁ%j ve a spatial filter matrix

for each of the K uency subbands based on the channel response matrix
for the frequerbiynnsudshianthr opardtivarodpen a chinmekpsitdnad mpiraciessash of hedper at i ve

to perform spati rocessi ng.on the.group of received synbols for each
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39. A ba%gngrt@tf;@l@e&grggﬁﬂ,aﬁﬁpgldt he apparatus of claim36. 40. A term nal

conprising the apparatus of claim36. 41. A cggPuter r eadabl e nmedi um encoded
t

wi th instruct koesipoapablugitaheiadiage denvecuskatiabiilter watmxutos caglopt digdk gni ng

frequency._sub-bands in a co nicati on system executable determ ne L
sets of LRAFFIE amandifed T ah e bR i SEEF LSy S 3
transm ssitefin Weehetidl paddsddr & 6peeaBd toperfein gratiak Bbcesiigrofithe gROpP cset
includes nultiple

received psymbols for each frequency subband with the spatial filter matrix for the

frequency subband.
39. A base station comprising the apparatus of claim 36.

40. A terminal comprising the apparatus of claim 36.

41. A computer readable medium encoded with instructions capable of being
executed by a computer for assigning frequency sub-bands in a communication system
executable to determine L sets of traffic channels to use for U terminals selected for data
transmission, where L and U are each one or greater, wherein each set includes multiple
traffic channels that are orthogonal to one another, and wherein the traffic channels in
each set are not orthogonal to the traffic channels in each of the L-1 other sets; and

assign the U terminals with the traffic channels in the L sets, wherein each traffic
channel is associated with one or more frequency subbands to use for data transmission in
each transmission interval, and wherein data transmissions for the U terminals are sent

using the traffic channels assigned to the U terminals.




traffic channels that are orthogonal to one another, and wherein the traffic
channels in each set are not orthogonal to the traffic channels in each of
the L-1 other sets; and assign the Utermnals with the traffic channels in
the L sets, wherein each traffic channel is associated with one or nore
frequency subbands to use for data transm ssion in each transm ssion
interval, and wherein data transm ssggns for the Utermnals are sent using
the traffic channels assigned to the Utermnals. 30 42. A conputer
readabl e nmedi um encoded with instructions capabl e of being executed by a
conmput er for 42r anstredrhpurer @adadld mediu@oomptdositi mRtrsytidhe vpablgirbefighg:  codes
executable to obtain a traffic channel to use for data transm ssion, wherein
the traf®eeitehBnhhermpuerdar Eaisaiting Ht«ﬁlamaﬁgﬂrnu'élettsonaﬁfstﬁmaﬁKflthflS&ganne| s, where

L is one or c%Elé‘saéx%EutatYl@% SbiRinSAEATE %ﬁadn@l%‘i@@?orrﬂétat t'raEHsﬁustsfo%f fv!u@mﬁlhf"””eI S

that are orthogonal to one another, wherein the traffic chahnels in each
set are thetrafict dhegeaias sdletechBomraatongd. sttanheaf§ic channedc vhefe E freone ar ot her
sets, and wherein.the.traffic soci.at Wi t h, one m)re
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belonging to the traffic channel. 43. A conputer readabl e nmedi um encoded
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for data rans i-on erern a hannel "I's ‘assi gned t’'o each
termnal and |s smimtﬂtzedym&bm:amhgode cﬁ'ehts‘e(ftfeqtte’mjffsulﬁbaoﬁﬁm‘]edgmg where L and
U are each on r ate wherein each set includes nultiple traffic
channel s that %f‘gr‘“‘g [)nal to one another, and wherein the traffic
channel s in each set are not orthogonal to the traffic channels in each of

the L-1 ot he_r43's et g C@!ﬂﬁut@!r Re&H% Aadidmt dndR&ddl s Qﬂﬁuét%@lcé{@‘ﬂle%‘f Hel traffic
channel s asst@(gned to t Utermnals. 44. The nmethod recited in claim1l

wher ei n dgent Pt RPBRHIPTHIOMBYiSIEmM uses  or t hogonal freque_ncy di vi si on
mul ti pl exing &%P%Qecutﬁg’le tgra%teﬁg%%rt?atfﬁ'é cl?a%nélg%gglgr%dl @'tgah{f},a}@ sé'l‘@:?é’de in the

comruni cat1 on Sys
for data transmission, wherein a traffic channel is assigned to each terminal and is

selected from among L sets of traffic channels, where I. and U are each one or greater,
wherein each set includes multiple traffic channels that are orthogonal to one another, and
wherein the traffic channels in each set are not orthogonal to the traffic channels in each
of the L—1 other sets; and

process data transmissions received on the traffic channels assigned to the

U terminals.

44, The method recited in claim 1 wherein the communication system uses

orthogonal frequency division multiplexing (OFDM).

45.  The apparatus as recited in claim 16 wherein the communication system

uses orthogonal frequency division multiplexing (OFDM).

46.  The apparatus recited in claim 18 or 24 wherein the communication

system uses orthogonal frequency division multiplexing (OFDM).

47. A method of transmitting data in a communication system comprising:



uses orthogonal frequency division nmultiplexing (OFDM). 46. The appar at us
recited in claim18 or 24 wherein the communi cation system uses orthogonal
frequency division nultiplexing (OFDM. 47. A nethod of transmitting data in

a communi cation systemconprising: 31 obtaining a traffic channel for data
transm ssion, said traffic channel being one fromanong L sets of traffic
channels, where L is one or greater, rherein each set includes nultiple
traffic channels that are orthogonal "to one another, wherein the traffic
channel s in each set are not orthogonal to the traffic channels in each of

the L-1 otheroh86hs a R WhamEl Rrldif t4dfhidsonC baDNGHd aqaaﬁé{%n@:]&fé with one

or nore frequency Subbands to use for data transm ssion in eacC

t ransm sidroremangel \sals. of4Batfigrehapés; athese Lnisaorcopmensitent Wiareis ysicle et

conprisi.ng: .a contral l.er erabl e to recei a traffic channel f dat a
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multiple traffic channels that are orthogonal to one another, wherein the '
traffic €Haptbherehn badnilvethapped ihesodsehyiboap of arhdeqyerey sbberdsnnel s in
each of N i @il S8h2in ABEMNGIEIR ihiaff raffic channel is associ ated
with one or "nore frequency subbands to use for data transm ssion in each
transm ssion interval; and a mapping unit operative to map data synbols onto
the one or noide fAregiperatys isabbamisichedogygiemgeoprising: t raf fi ¢ channel . 49.

The apparatus as recited claim27 wherein._the co ni cati.on system uses

or thogonal 1 reCRISRES RS Bhresilt fplias iR SEER S g hig ap BAPATLs as
recited jnB yGh@l Madfel Wb eI £B8 NLGabl RERYRhENs, W38k 0hd beoanal
frequency division multiplexing (OF 51. The conputer program product as

recite igredbaivherin each st iadudel eneltiplhdratfio eranntls hatome syBegamuesncor t hogonal
fr equenC%noﬂie\r/,iw ie?er}n t el t%aifﬁcl: ¢ ainggs ﬁnGe:aWSét are not orthogonal to the traffic channels
in cach of the L-1 other sets, and wherein the traffic channel is associated with one or
more frequency subbands to use for data transmission in each transmission interval; and
a mapping unit operative to map data symbols onto the one or more

frequency subbands belonging to the traffic channel.

49.  The apparatus as recited claim 27 wherein the communication system uses

orthogonal frequency division multiplexing (OFDM).

50.  The apparatus as recited in claim 36 wherein the communication system

uses orthogonal frequency division multiplexing (OFDM).

51.  The computer program product as recite in claim 41, 42 or 43 where the

communication system uses orthogonal frequency division multiplexing (OFDM).



