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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
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enmpl oying nmul tiple SUMMARY

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. Each 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



antennas at a base station. These techni ques can al so
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spatial filter matrjx fqr that subband to qhtain
detestimalgs @htazped for all terminals transmitting on that s b and 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.

[0011] Various aspects and embodiments of the invention are described in further

detail below.



synbol s, which are estinmates of the data synbols sent
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in further detail bel ow. BRI EF DESCRI PTI ON OF THE
DRAWNGS [0012] The features and nature of the present
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enbodi nents, or designs. [0020] The quasi-orthogonal

nulaﬂﬁepm%%ﬁﬁ@lakéé‘}mi ques described herein may be used

or var S %}“»lv&' - b UL, i systens, e.g.,
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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-antenna systems. A single-antenna system utilizes one antenna for data
transmission and reception. A multi-antenna system utilizes one or multiple antennas
for data transmission and multiple 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-antenna 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
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[0023Y! eVed a%cGaR\ERIAtts RUFFPint GBS §S ThRthunication 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 communicating 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 period. However, this “inter-cell” or “inter-
sector” interference is randomized due to the pseudo-random nature of the FH

sequences.



assi gnnment of subbands. [0023] The FH sequences for

di fferent users in communication with the same base
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i Ntk hefemdallbWalg ditftetit £s 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 users may be undesirable since it 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 in the

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



observed if the users are not assigned orthogonal FH
sequences. [0026] The nunber of subband groups
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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, (), where B =log,(N),



system A total of M N FH sequences are then avail abl e
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sedquénces i n each set are orthogonal to one another.

ThuH, sefitenicéd @rsber ensehesbobsfaredas: anmong N dat a

transm ssions sent sinultaneously by N users assigned

with the N FH sequences in any given set (assum ng. no

| oss of,;(6rt A6tk Woéu@fb»otf‘g’é? =flacf‘Mr ”rﬂ]ef' %ﬁ Eq (1)

sequences in each set may al so be pseudo-randomw th

respect. to, the FH se nces for each of the M- |

N3

Sthees idefs index ferh gequgntes 11 PaCRSHE 844 ons sent

si mul t@@gﬁ%gi_&ﬁg ge%{écéﬁﬁsgfeguences in any one set

woul d rve random interference fromdata

S %Ibsn kD br L SndeH iRt SLABRE §Bati shrfsRRitIPt 1'Ghstead of
Wrﬁﬁtﬂs&h e %sgg%@géfﬂ)l{l FH seatu%gnces may Sbe '
geneThé BH scquuiel PUE) nndicstes the faBAJlathiubbaei(s) to use for each hop
enbodi ment, the N FH sequences for each set are
gefib¥ed based on a pseudo-random nunber (PN) code

assigned tq that set. For. e le the 15-Dbj ort. PN
10031 Egqes. qdei NERIIDY TPEEBEIEH | B8 JORN b et T f8y of FH
co qgcgt fides ?ﬁar_ys?%’ HETIRAUE e WifrtteRt tirhd SHfts beadbamkorSPNTcode. In this

regl For each hop period, the LFSR is
up dadee dachnstt ishasstened enmigfe tithe shifisend sheyBN tode ferethatset may be

t he,  suhbands_ for .t he FH.s nces in.t t

ex& lg,egz}i’yb'ihﬁ U HRF ? :@Eoﬁoﬂan tPEk?tc ﬁ‘ze Elalgg%esfl enoted as
si apirfA cant bkt i edn@She bi
e T st Lt e e
Klf EHEHbéleﬂMﬁ@ £ESR 8ebt I dnfy BO dédoEsrask PV (MORTHeriedN FRhRquences

sequences In set my then be defined as: L ,(0 =
([?Met(@h\?zhﬂenfﬂédi_emled-asl , for =1 ... Mandi =1 ... N
, Eq (1) ere i is an index for the N FH sequences in
each set; and f t iit) is the ?-th FH sequence in_set
The £1(5) n (9Et-Th) + i) mad Mt s foof =dn- iMdaw il - N. Eq ()
schene that starts with '1'" instead of O. The FH

sequence f t (t) indicates the particul ar subbagn
[0032] oquse flp ﬁn@tgéme):mlgﬁgliment, the M setspof FH sequences are 3ef‘1jr$ea)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 7 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 transmission units (or U <N'), then



period t. [0031] To sinplify inplenentation, the MPN

codes used for the Msets of FH sequences may be
waledosnexiis o be different tinme shifts of a conmeaI/BBR005/021056

code, hi this case, each set is assigned a unique tine

shift, and the PN code for that set may be identified

by the assigned tinme shift. The common PN code may be

denoted as PN(t) , the time shift assigned to set nay

b o t

¢ g;h%g[g?;ts%g n?a;r llé% ot egﬂ%&é yse @sr Lrl_lhdglel\%%l{i Hﬁﬁﬁgnumber of

S eqses degrebter tah tthT’ﬁymbéremf dnﬂlo(geﬁal rt&nhsmi}ssioh unit$ o= [( $ N), then
+ DT ) + 1, f = |

E o donb SBbpanaeh 197 o7 P deeiier SFifdmY Beisidy Siige the T
g«%ﬁg@ﬁ@é i3 11] ac%]?érb?e&tsb%%t Qﬂthwg&afl 8 08B tanFMBP bitP thus result in

one t or each set mappi ng tabl e may
| i tenrcetit 1merfmﬂntamlmesmaﬂ®t nomberf ofiseisnghonld Bagised at any given

&p&équlél 4 aﬂ‘ll St 52 gt f ggt)sf\,@ Hl%%$éghf aBlfpé)O]ét}_g users may be

prgﬁ hegeahbe, subband(s) to use for this FH sequence in

each hop period t. Each mapping table nay be defined
to be pseudo randomwi th respect to the other MI
mappi n t [0033] The M sets of N FH sequences Eq (3)
may al deM hed and generated in other nmanners, d
and this s within the scope of the invention. [0034]

FH sequences nmay be assigned to the users in a manner
twhet@tlucle deheteseilihg operatok tiat padvides ahéntbgsrenbe that is equal to or
observed by all of the users. For sinplicity, the
fepdaterwhangx.descri ption assurres t hat one orthogonal

ransm IS aSSI to.each us sel ected .

10035} oyt 1 nAohieGi G H rERees e BF Cders b SiBalSs gt observe
dat@etfl @A TSR laPMoktUL - lsoth&sti%eltsrh@ BnP Eivesl Hdimen® aﬁchﬁ orthogonal to
nunber of orthogonal transm ssion units (or U< N),

t hehidagt U-tderd ofayr besrwnsH Jrieanushtlaiggothan Irrvhich is typically the
sequences in one set. If the nupgber of users
gr €ascethenisach ¥35E obssrIRsNtgHeIGRES, alarf‘aﬁmatlf%lﬁg f§§i“6(?¥s at any given

UNigh Snd®’ Fhe>tNuders Hh?%@ﬁj el vieRad aEHoARAUBNERBodonAIMNor “quasi-

oné or nore other set$S nmay be used. Since the F
s eputhogeml’f, mithnctie hethemt sets are not orthogonal to

00367 1 27 SR 4 0L e 3 B B i P esnencs o
US @der@ i B Wuali-S8Hb SORABMH tip BRI M T the AERbe0df wefsSselected for
(L) needed to support U users may be
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 each selected user is assigned one FH sequence and if each set
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



expressed as: where " | ~x~|" denotes a ceiling
operator that provides an integer value that is equa
W eooenogreat er than x. [0035] If L sets of FH BEQUS00&621056

are used for U users, then each user will observe

interference fromat nost L-li®ther users at any given

monment and is orthogonal to at |least U (L-1) other

users. If Uis much larger than L, which is typically

! NEB8%iront, NAE 1P AGHS URGTHORARLY Bikeli HnChbATARER, LEOMdN highest
users at any given noment. The U users

rmsIN]kl&ﬁ lmealm@d émesxsaleniaﬁtbequbbﬁsg@ha’d a tiore, in sequential order

t h
hbasd nitho g pngd £ Bllcederse 5 = b rehq FHE poguences
S e%%gﬁf Setlo? F‘FISEerl?ﬁerYHeE i ¢ SireRéved @0 WHakeqihdek P Ehel xSt set have

Initl t he nunmber of users selected for data
tr heemassﬁgncdh Tbds eprsbq;ﬂgmgntmanen{a;( MG@ﬁ;Wlth sipilarighennel conditions to

m Osfape;]l’f?‘b%}fue{l S t %rgc{xélgl}_lhas Bys Pocg (ck'c)sarntt%gggn gaste%tatlon may

( bb&ﬁ@ve‘lﬂi@xer SI‘NR%%H Iﬁz%} BeARTinb® Q‘[—I $e‘§u@ﬁ>‘é$ gnesk sue UEbfs located
sequence and if each set contains N FH sequences,

t héarthienawayrfraumibe bassfstasiondOmepgCtBECeRst P haay a%ln%,‘f?olﬁwer SINRs
I n (guat | agé?' dLFﬁﬁ}% gu%rcef Fh éﬁgﬁ’&n & Tk Elﬁﬁ(?hagllent may also

ong sequences aval
f 0 Eadﬂ&@te(;him &oﬂ&(ﬁ)of taasers eF@Cé)&dlpJJes ghe bextdrieglge users may cause

assi gned one (or possibly nmulti I F uences from
thénqse gterderghcertp UsgigUB RS S%%Préc%i’@ @{Le ?18 eﬁc {Origait at lower

llpg&,glegvéhgers may be assi gned FH sequences fromthe L
et’'s I'n various manners. In one enbodi nent, users wth
[0038Fi mi | ar In enethereshisidineit, ureed with difeend rmvegrﬁébﬂRSHre assigned FH

sequences .in the sape_s ceived s AL

be Saquﬁ?qsfl}l gl}f Weée‘ge]élﬁ mPQ?‘el}TWPTE}PP% Fgﬁrgge ge S&H)& I}séé Fance for
ratkGs brahNRbirdy s11%ﬁﬁﬁlegﬁ§]§ UsifiB BElegH®ekbs infBE same set. In yet another
t hi senbodi nent’, the U users may be ranked based on

t hemboSinRS,, userg are fqatﬂgphmgihéssedspmﬁhﬁ@ I'ooksins."sdfargin is the

or QLS isedh s PERTR R Aot i reghte SRUEIDH @ eivem rte and

seg the Stess SINFS hvaslable For thht 26 Ll@mmth/%ﬁgéﬂ‘tﬁﬁrgﬁﬁtare more
of sequences is used whenever all FH sequences in

t hdikelyrtotbesdacosied, eortrstly thansusgrreWith Tower watsans: nisrrs wath different
m?na‘%éﬁ%% Sinéw BQ ag‘éléﬂedafEH %Q&\féﬂ@és ﬁloﬁﬁife{én? @étst Which may improve the

likelihood of separating the users. For example, users with large margins may be

detected and decoded first, the interference caused 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
receiver 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 |ocated

cl oser to the base station may achi eve hi gher SI NRs
wapaenedribe assi gned FH sequences in one set. REEDS2005/021056

| ocated farther away fromthe base station (or

"sector-edge" users) may achidgve | ower SINRs and nay

be assigned FH sequences in another set. This

enbodi mrent nmay al so facilitate power control of the

us 5% ! eH 36 2E6g6e HSRHRulR YRR R Berf:

rm?dggﬁtr{ls er @?gﬁe@nb%gggﬁlg |hn gt@%ere s??to}ls a%_d rra)?erb?amance’

di 6.gGtiespacket eramsiate (PER) Gkes ppoeverontrel stheme [20)68] the pmount of

anot her, enbodi t, users wth different received . .. .

S RGSTH BOUGSHT det Ve AEHERS TP Al e once iy pinimized

enBafL TR adiBYide e QURirSL 186! bP PefBivhAIcBR ECarlofiler Yodes control

transmtting sinultaneously using FH sequences in the
s asehesef thelracejpetd SR foereaddnisd ismamfaingdevihigrasrange of SINRs. In

cat egorized based on.their "pargins,j roin.i .
i VSRS BRY et enae TRqerRpd sifl? r?g“Jregqf‘dF Fach user is
S| MRirftAihendhr @i gétalaRicRGvithaPh Hings of Reluecess SINR
avai l able for that rate. Users with |arger, margins are

[0040jnor e | | Kesiqyency-isepinacpasicrrhoserad fiequency slivigier snulfiplg acoess (FH-

|l o ngi:-ns. rs W ' Sy
T R —
I MM @?t@of NeFH b&ﬁllejtl{]b@)l)d) subpare Pauisats cra)@cmigﬁltlgs, ?llhsre Faray be greater
exa e, _users w arge nmargli ns na e ae .

Godwady FTOFDNRR hoh baRs 8 EHESEE SR SaRByHIIT (ULREA, which
na}/lsé%eonﬁf‘ﬁﬁé%‘i SENA se(gﬂgﬁ:lgqgr all D&, UBS Ssihlf ButhBMRIT users with

mar gi ns ‘may be det ect decoded next, and so on.
| n Y&tN aoniyhwe senbbEH seqiencessis meedade andi FH-QOEFOMA stegentrates to

t h [ ! [ | i t i t h d L.
o aas destea i pemiehar SE PN s R Al Gajmited to
fﬁggi neRECSEAS klfhen@R aﬁsﬁ&gmge RSl 98¥im oY Ryt y0i26 he additional

users may collide i ime and frequency. Various
coehpaniy icomtedah thepspatial digiegsian bydke sy ofgnpltip ennas at the base

groups of_users luated.to identif

unéBrPR _alfle%f’ngia@tgg&ag)ﬁ) ef ! %Veawgglpg% Séétzsaltoefg%}} iSgaypnces to
andupPért iBkE¥RDs td) take K atBEWNSS the ddIRTI capacity. Although the U
Quasi-orthogonal multiplexing my be used with or

wi ubers argevielly sohertkngzonggpegnecantheplin fheyfrequency and time domains

i mpl. t 0o vari ou . 2 -
. RGFERL e DR S A B0y R8s T BB i i the
sugbletdidtis Effects €0ERE UrA-NIdBrtrhce, 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,f) for each subband, which may be

expressed as:

ha,l(kbt)

h, ,(k,1)

h,(k,t) = , for k=1..K, Eq (4)

h,, x(k,0)



the user, as neasured at the base station, is

mai ntai ned at or near a target SINR Thetarget SINR
woreaps/009113 ur n, be adjusted to achi eve a parti CRCHIS2005/021056

| evel of performance, e.g., 1% packet error rate

(PER). This power control sché&éne adjusts the amount of

transmt power used for a given data transm ssion so

that interference is mnimzed while still achieving

t\xtil% dgsis r nld@f eﬁo&%ﬁbﬂﬁﬁf Qﬁd&@g‘i&g)l FoPNY heergg\ﬁﬁe coupling or

CORLT ol e receive for each usé

\Ag{e@c'ﬂ% T’F&lﬁ'b@t\@eeﬁéﬁﬁﬁngg amenBoat té:lﬁnﬂzﬁtl 184 Qﬁchﬁlre R antennas at
power controf schene e recelved signal power
daghstativar1 20fonsibbaml hachopgeriod st ar get val ue or vv| t h| n

O R A TG EET ol e p—

( F'é%%mhﬁl @l(‘jﬁjhﬂd ﬁlluﬁi-ﬁﬁglﬁfasba‘é.@ k@B 1het THeSFIMO channel for
quasi -ort hogonal multiplexing (or Msets of N FH

s e et ) 06 nayuepciarackrirsé fos anoRGUF rohanriey resphieseenadrix H, (k,7)
may be greater than N. FH QOFDMA has sone advant ages
ov dor caehsehbend eliclrmapbprrpresisd 8% uses only one set of

N FH sequences for all users. For a smal | nunber of

users U ni ne et FH se cqs |
neede % &E%{b%ﬁ %élgeneﬁ%ﬂ o andq&gigl gentllé(’:al Ea ()
to conventl onal FH— OFDMA. Hovvever FHO-FDVA is |imted

thepd! 11_%11@; it lllt HTSQ%Q{%FI fan Tqrig pa¥e QQ&topﬁet%&? aht@nna ; at

nmor e |zethea city created In

ttélﬁnﬁzﬂ 108! and! tHE 'i@'aﬂt@ﬁl?a\é Jth)%séj%tl&{ 1@(‘)”%1‘ Al®afd k§ANRP period ¢.
ase station contrast, FH QOF can

Raich ichgnneliebpdaise veabds hpf(kFN @ﬁtauerR: el‘Ententssmpl fhas thenforre shown in

users to take advantage of the additional capacity.

Aqtistiong¥).t he U users are strictly not orthogonal to

0045E5 L RSEy et LG EESSERCY, A0 LIS O B LI s

to f nt
ol fze?%‘sewgsqﬁte@s P PRI it 1 i Cobinl woud

st ahéndhmvie sme qctl qfpbennel réspomsetvieploes fan eacinameriney withteach vector set

recetlon en e data tra f.r the U .
15 GPEIRRE BENTBELASREa® TG CAPT LD S PP st gprminal fo
pr ‘%F%hﬂg it eF&Wé)%kﬁﬁe iReb@iindlng Bagkichdd §!dabbandsawith indices &
singfe-input multipleoutput (SIMJ) channel is forned

betthworgh &i+fyt bimhorperiod fe thenrilkg veatds sghipr gedh andenneri 94 terminal m
base ation 12 SEVI O chann e 10,

Ty B éﬁ%tﬁ’élc% citionie] ToPOu IO Bhatdefd) PR Rse(P TS 10 for
Ve%%lb an s th}c?ug{xo)é +§a_clh rgslf)%ckz)t?\p ‘f'y Ies(,:ehS %e‘f response vectors are

indicative of the channel response between antenna j at terminal m and the R

antennas at the base station for the S subbands assigned to terminal m. 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.



expressed as:where k is an index for subband, and ha i

(k,t) , for =1 ... R, is the coupling or conplex
web@anned71hai n bet ween the single antenna at t epPei/nsd005/021056

110a and the R antennas at base station 120 for

subband k in hop period t . [13042] A nultiple-input

mul tiple-output (MM channel is forned between

mul ti antenna term nal HOu and rnulti-antenna base

[0045)5L a1 Onp L %m(?mﬁy '\"tﬂ\éoféi{}%ﬁg'deﬁ pilof! Mstiaks HM TAYUDE and L

char act evi an nne response mat ri x

HuiKglbJanfefha %@%ﬁha%l b aRdughvii, Cdire aBygiied texpehesbbashdgroufrin each
u(k,% =[huL(k,t) hU 2 (k,t) . h T (A, t)] , for k

=l hep perfod. B RE»)LV\ﬁanﬁelhlﬂsponeé( miafrix Hx £)=may be, fo‘rmed for each
Is the channel response vector between antenna j

t esubbaad in Baxh hepl petied Rbasedcintis lathannskresponse dﬁctfleOfOT the L

fo subpand k h I

ferdie e bbb beflad s ERIBWELA"NEL [ hePPorm
shomn in equatlon (4). [0043] hi general, each
term u W t r multi pl e ant ennas
and IE@J @e a P%kelg hpp(gdt%b'é ngq}et)gach hoppperi od,
where S > 1. }E’:c(l;(ﬁféerﬁn vvoul d thﬁ,ng ave one set of

channel respo ctors 't r eac }E leacﬁw Eq (6)
vector set conf aifingh,S,@hannel hes@eh é vectors for’
the S subbands assigned:ito the termnall for hop period

t. For exanple, if terminal mis as %ed S subbands
with indi ces| k. stBudh, k(B8 1 i/, h&b eriod t, then

the vector set for each antenna of term nal mwould

contain S channel response vectors hml (k,t) throu%h i
twhjere( l, 48,5, fort ¥ =flor. Isuisbthaehannel mespopie yectog fon the 7 -th terminal
respectlvel y. These S channel response vectors are

iusitig salthand kah hoppexidrhn riBie chenpa mesponsstmataix Mt Onfos epch subband

at termnal, mand the R antenngs at the. b se sta

o pachieD DoE R 5 RRSIE Pl D PIE S5 LIRS SAEIG b Hpksubband
[ term nal m changes in each hop period and
aﬂggé?grﬁrﬁq{]ed by the FH sequence assigned to term nal

[0046In [ 0044 e Theeivhdinsyaiboleat fonbase setibn far daoh sylhendk in each symbol
term. nal s sel %gted for si ggl t aneouys data transmn sSion

ar @eﬁl%ﬂegﬁf'}? PPEEPEAIAY PBAFIIAECAABt her and nay be

viewed as "spatial signatures" for these U term nals.

The base stALERL, FRY(EEL) FRUE, h)'e Chanpel . K, Eq (7)

where x(k,t,n) is a vector with L “transmit” symbols sent by the L terminals on

subband % in symbol period n of hop period ¢

r(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,t,n) is a noise vector for subband & in symbol period » of hop period .

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

entire hop period and is not a function of symbol period 7. Also for simplicity, the

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

. - 2 . . .
vector and a covariance matrix of Q. = o*-1, where o° is the variance of the noise

and I is the identity matrix.



response vectors for each term nal based on pil ot

synbol s received fromthe termnal, which may be tine
walzaos®doms mul ti pl exed with data synbol s as shor€iI/Us2005/021056

FIG 2.[0045] For sinmplicity, the follow ng

description assunes that L = {4/ N and L

single-antenna termnals 7 1 through mare assigned to

each subband group in each hop period. An RxL channel

espons tri.x HGA,, t b d {f orye
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o= R R ol oy, Ry SRR SRR T vt
depgRgsnt coftaihdI® SRR bEntsedé saft tyethei Inadrmirgds ugingdublend £ in
t hat subband and hop period. [0046] The "received"

sysfabsl miiotiheobhse petiad ¢.oin fgemerala etchsuarisanidsymbal rezsche a data

nbo| j.od h h iod. 1 .may.
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.. K . [ ro Wz L1t riangid dbtai
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Periigisinds &f cRRRyRBI RFidd of dablkhbp Piridd Bacherewdt Mk ithn)Reontai
regel?d\%lelds syenbol %I]I%obtlglhilrlhned0 Vi a th%pF?antennas at L\twlcﬁejﬂn) o

ba&?regéiaéd Smnbody ?(tﬁﬂhbdinﬂ the Rantepnisolt thedrase statiomforlopp subband in
er t; , b, [ [ . . )
P bl  BS h  RLRA . -
th i -. . e

i %gﬁ{?ﬂ? é{t{qﬁcﬁqﬁ 'El?(?\rfég‘(?]l{) %@szé'lﬁﬁm miultipligd %?%1{1'592—91 {&@t&¥olumn of

const an entl lod and 1s no

fungd L0RnA reHHRROMaRE HRE, 1 to giér%?atfa Qrvesiob . (1, Y. THBE transmit

noi se nay be assuned to be additive white Gaussian
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symbol vectors,” x(k,t,n) for k = .. , are forme
fory ]KH@, i for each terminal. The vector r(k,t,n) obtained by the base station is

L
composed of the L vectors r,(k,z,n) through r, (k,z,n), or x(k, t,n)= Z[ i(k,t,m).
=
Each received symbol in r(k,z,n) thus contain a component of each of the L transmit
symbols in x(k,z,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.

[0049] 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, 2 minimum mean square error (MMSE) technique, a
maximal ratio combining (MRC) technique, and so on.

[0050] For the zero-forcing technique, the base station may derive a spatial filter
matrix M (k,t) for each subband £ in each hop period ¢, as follows:



subbands in each synbol period of each hop period.

Because different sets of termnals may be assigned to
waledobeoems subbands in a given hop period, as PCT/US2005/021056

determi ned by their FH sequences, the K transmt

synbol vectors x(k,t,n) for epch synbol period of each

hop period may be fornmed by different sets of

term nals. Each vector x(k,t,n) contains L transmit

synbol s _sent by ithe L ter usi ng subband k in
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=r j(k,t,n) . 7=1 Each received synbol in r(k,t,n)
thusxgﬁht,a)n—é\’_le&)’?sébﬁé’ﬁﬂnbf: each of the L transmt

symbols in x(k,t,n) . The L transmt synbols sent

si mul taneouslz)[Hb’thmqldfk Her mhe@, s - [qr(kggci(kgu;b)blaﬁ(tk,ﬂgn) n, Eq(9)
each synbol period n each hop period t thus

interfere with e .another at the base station. [0049]

The base st at‘@‘éﬁqff’a é/'é)r Pous receiver spatial

processing techniques to separate out the data

t t th
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spati al proces |n t echni ues, i nclude a zero-forcing

(ZF) techni Sﬂ% H?%P?ﬂﬂﬁ ah square error (MVSE)

techni UG, 2, A) 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
(k,t) for each subband & in each hop period ¢, as follows:

__mmse

(k,0) = [H” (k,2)-H(k,£) + o - I -H” (k. 1) . Eq (10)

-——mmse

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

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



maxi mal ratio conbining (MRC) technique, and so on.

[ 0050] For the zero-forcing technique, the base
wat@bloemTisray derive a spatial filter matrix M PB&T/U$3005/021056

for each subband k in each hop period t, as follows: M

(Kt) =m'(k,t) -Wk,t) - Hk,t)16 Eq (8) where " H"

denotes a conjugate transpose. The base station

esti mat es the channel response matrix H(A:, t) for

each subb s based. on Iot nsmtted by the
tern1néh®e Eeme&éﬁ mw @%é fhe esti mat ed

channel response rmtrl x H(A, t) to derive the spati al

filter matrix. FeD.l &t M,,,,,,Ieﬁet)f (‘oo ek Heyen(/pt.rdn, Eq (11)
assumes no estlnatlon error so that H A, t) =H(A, t)

. Because H(A, k§n§ ip) be constant across

hop period t, the spdttal "filter matrix M (k, t)

may be used for all synbol periods in hop period t.
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-r(k,t,n) , - (k, t)Y - H(k,t
-x(k, tn,p), k) hs th)%]nmseﬁﬁel(@ M¥ISErpregessing.(k, t, n)
where x~{k,t, Is a vector with L "detected" data
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nﬁ@ qeas@mﬁg syrﬁbastﬁc xR, zdat a wa‘qahlugﬁcmneszﬁﬂhrr&tee sedling matrix
data synbol” sent by a termnal. [0052] For the MVBE
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fiTt%r matrix Mmse (k,t) for each subband k in each
[0054hop per Ide the I\/HBCftedhhmms thMbme s(aﬁon gy derfve a spatial filter matrix
H(kt) (k,t) 2 -1] Eq (1Q) If the
M3, o forah sebpargrk onsacihbingeriod HaFdAHOWEhen thi s
covarlance matri x may be used in place of s1 -1 in
equation (10) Q053] The base station may perform
MVSE prMae@’%f)ngﬁfékt ach subband A: in each synbol Eq (12)
period n of each hop perl od t, as foll ows: xmse

[OOSSf Kmfmg) e Basé K ﬁ?ua )may ng/[R_g %{E)’c SSll’gg] for %Ech( %ﬂﬁb}nd k in: each

symbol penod n of each hop penod t, as follows:
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mrc(k t n) —.]_).;lrc(k:t)'_M_mrc(k9t)'!(k:t:n) ’

=D, (k,1)-H" (k,7)-[H(k,7)-x(k,t,n) +n(k,1,7)] Eq (13)
=~x(k,t,n)+n,,(k,t,n) ,
where D (k,?) is a diagonal vector containing the diagonal elements of a matrix
[H? (k,7)-H(k,0)], or D, (k,t) = diag [H" (k,£)- H(k,?)]; and
n,, (k,t,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



zx(k,t,n) +nmse (k,t,n) , where mmse (k,t) is a

di agonal vector containing the diagonal elenents of a
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contarn the same or different nunérs of termnals.
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S|n ennatermnals multi -antenna termnals, or a
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IBQta erJlt? %ﬂe %gart%eac | T e-Mteti €rminal 110a ar% encoder/

vec or of ermna ransmtting on th
s ubhedidatbn 51¢bafecbl®ss pafficishcket 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 520a also provides a zero

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



The matrix .(k,t) may contain nultiple vectors for a
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unégr:ic{ lrr?atﬁ)ﬁg 3P3 bitpui! @ NALYLE Lsc r&h& KItHBNsB¥ands, where

t hel'r¢hannfel "Tesponse vectors hm (k,t) . This allows

FFb&XJHﬂM&nﬂ@gﬁmbnmaﬁb@hdMasmeMLapﬂmh@nmbh@raammewnﬁpL

antennas used for data reception increases.
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SY MGk -coding and modulation schemes selected for terminal 110u, and provides data

symbols (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



[ 0060] An OFDM nodul at or 530a receives K transmt
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st 1588 fegpdaRelyat € a nodul ated signal, which is
transmtted from an antenna 538a. [0061]
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sy ivavideson sweanh of prmy srmples o (associated ERM degdulator (Demod)

perj,qd e erni i ned: .
NN e S —
FH rs@ansangmbels. aBadhaOF DM 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 symbol 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
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t hpagedseS (21, symbodaddmapss dnimterieavas; dad decodesyi theddetected data
signal to a respective receiver unit (RCVR).614. Each
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sy Bnel Th®ofkT vedtbis bf alls{canimlscasihg reekwtdnd and hop period.
transfornmed synbol to the frequen;y domain wth a
K- loimptutaEem ung 636tthémdadives thsi spatial Silten s1asrid M(k, Hefok 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.
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6409 %866]%n&pprér 640 obtains the K sets g? P

desyubds oddhe sayerbdibend dn theasamesspmbwil peded &rithegrminal whenever
prqvi d det ect ed dat a ' . .

o N FELRR SR HEDR S Aol AST B8l B brocesing i
U} sepaldl€ ofitipeandltiplésien BymieaAe Berit aimilmbowlye onl éicesamenadbband in
by an FH control_ generated by an FH generator 642

badhasame symbosri dlyéh%@“giplgP%?Psta@(’E%annel assi gned
[0071§ 0 t hat ﬁ%@a@%&ﬂh@gﬂﬁ%ﬁﬁ% ggdﬁeﬁﬂgﬁeg(sé&cﬁﬁ&}?%ﬁ may be

e.g., Sy ena dei nter ves, decodes) the
detplep@n@d by vayisomsarsx for feramplacthesectectimaies amry be implemented

P S BT, PSP, B 5 oBHTLAtRS RS Vi A ShIca et PRkl ggitation, the
f:f g%c%:@é deraded %Q{lﬁsﬁ%@ﬁ bl Mﬁ%@%@g 2Bl &aﬂ@iti]iittﬁfgserﬁity (e.g.,

hannel response vector for "each antenna of each .
t erarishawn tim FHSNHY iapdpet imnernented withonon or bwse dprlivatiofe specific

£+ intepaisdir s D tiehl s picShpBRsPE. ARl Qpnat processing
I eYRGR&E (MBPHEX pifAhmniablel Wgicae¥icesu ), ﬁeldepﬁigrélamnable gate

peri od based on the channel response vectors of al
t eramayal(EPGAS prodeasors utsmiralersn misrarropplless, microprocessors, other

Conput at.i on. unit 6 h [ . ' i e
ComR i A U e RO ARG RREN bl b
bagﬂg&e(gﬂ THeeprebaBing lunite spanfe quadiorthogbrak ntultifleting has receiving
subban

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,
MVBE, or MRC techni que, as descri bed above.

w@0op0Ets on unit 636 provides K spatial filtePCT/US2005/021056
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 nenory unit 662 provides storage for program

oSt DL 8050 Rl s cnbcimens

s pedihibiic depaytinke Som hled spioit drheopewdrthe ihventionf Fhus, the present

" Reptier ;srr}ga'[t’ ﬁ@&@&&%@%ﬁ%ﬁ%@%‘%ﬁ% O WO herein but is to be
Mul,Li AR RaKHEE sCopREYNiGaltvAh MY HABDI1MAAA 8BVeltfBRures disclosed
mul t1 pl e subbands ey be provi ded by sone neans ot her
t hdware@~DM [ 0070] Quasi - ort hogonal nulti pl exi ng may

al so be used for the forward Iink. For exanple, a
term nal equipped with nultiple antennas may receive
AT IS ARSEDNSE rom nul ti pl e base stations (e.g.
one data synbol from each of the multiple base
stations on each sbband in each synbol period). Each
base station may transmt to the termnal using a
different FH sequence that the base station assigned
to the termnal. The FH sequences used by the

di fferent base stations for the termnal may not be
orthogonal to one another. Miltiple base stations may
send nultiple data synbols on the sane subband in the
same synbol period to the term nal whenever these FH
sequences collide. The term nal may use receiver
spatial processing to separate out the nmultiple data
synbol s sent sinmultaneously on the sane subband in the
same synbol period by the nmultiple base stations.
[0071] The quasi-orthogonal multiplexing techniques
descri bed herein may be inplenented by various neans.
For exanple, these techniques nay be inplenented in
hardware, software, or a conbination thereof. For a
har dwar e i npl enentati on, the processing units used for
quasi -orthogonal multiplexing at a transmtting entity
(e.g., as shown in FIG 5) nmay be inplenented within
one or nore application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), progranmable |ogic
devices (PLDs), field progranmabl e gate arrays
(FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other



el ectronic units designed to performthe functions

descri bed herein, or a conbination thereof. The
weeweoerifhg units used for quasi-orthogonal PCT/US2005/021056

mul tiplexing at a receiving entity (e.g., as shown in

FIG 6) may al so be inplenmentzgd within one or nore

ASI Cs, DSPs, and so on. [0072] For a software

i npl enent ati on, the quasi-orthogonal multiplexing

techni ques may be i npl emenjgd, ¥ §1 nodul es (e.qg.,

procedures, functions, andbg‘lﬁm that performthe

functions descri bed herein. The software codes nay be

stored in a nenory unit (e.g., rrem)rg unit 542a or

542u iln Fl @ nthod ofeassigying freque8y suhb@ids in @) cogrgunication system

executed, by a, processor.(e. d....contr r« 540a .or 54Cu

O R eorpodmaL BREREST i imofRil @i, 2538rShe

uni t 'ﬁ@ﬁénﬁﬁﬁﬂ%@ls%ﬁedﬁ @sFrichield Reuder A€ €5 &Rmidls selected for data
external to the processor. [0073] The previous

drpsmisgivionhesé Ltand (dprgcsials e eingreipiriierein gach st ingudes multiple

to.enabl e .a pers skilled i . .
FRERE B Bt e SR o s by Ay e i Bfinncls in
A& BRMoS omthddonberoreamiffiy chpprlsdnadinofithebel sthiet sets) and

in theart, and the generic principles d}e§f,i nﬂeld her ei .

may basugpng iy Vdentnals et trtHe shapmekonthadpts ivﬂlffem each
T L.08 LGP 'telgsogirateﬁcxgﬂﬁ e (Slhféloké“ﬁ%agérﬁy:su_ DatRls thh&e for data
present 1nvention 1s not rntended to'be Nimted to the
erodisgentis catlowandigisdom iftetval, sintl ovlieeeiacdate trebntiksions for the U

wi dest. scope consj ste i th the prjncj s_and novel
freraineregraidismedhe Rty Q\Q‘A?IHWWS@EE%AF%W@F Al VB
1. A nethod of assigning frequency subbands in a

conmuni cation systemutilizing orthogonal frequency i
di vi si2on miThei pétbad 0§ cla@rO)Vjwherainythe system utibzesr fi¢dyiengy hopping

ts of . traffic channels to use for U terid S .
gg c*lnéldW]F“HFmoeé‘Fg #@%gl?ﬂn?gll Breacser ﬁfsoéz‘rr:%gad I TosRegtive FH
QBGuRbe ThSRDHSEudoWRRIRIY SAsdls SBfferen(C Iftedaenciyubibbahds in different
traffic channels that are orthogonal to one anot her,

dradswissiogiintervials for e ftagfictian®dl s in each set are not
orthogonal to the traffic channels in each of the L-I

ot her sets; and assigning the Utermnals with the

traffix charyeeisthod dfh€laim I¢twhersih eheitraffivacharnelfihi each set use

channel is associated with one aor nore fri_g? uenc
Sraguenrysubbands ghat gre pegudp-random with respect to &uenc;y subbands used by

the traffic channels in each of the L1 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.



transm ssion in each transm ssion interval, and

wherein data transm ssions for the Uternmnals are
w@emb/0ugiihg the traffic channel s assigned to tPer/US2005/021056

termnals. 2. The nethod of claim1l, wherein the

systemutilizes frequency hoppi ng (FH), and wherein

each traffic channel in each set is associated with a

respecti ve FH sequence that pseudo-randomy selects

di fferent frequency subbands in diff nt transm ssion

i nteryal s fTae nhdiBod 6881kinC 5 clAEBRI L%.egj[hwhmet Mddcmbtes a ceiling

claim3l1, wherein the traffic channellsNiln each set use

frequency subpands that are udo-random wi t h respect

PBer@Wég@gﬁayl‘feﬁBBéwa%ﬂﬁ@S eﬂ%ﬁ?(hgr grre%ﬁ ﬁ-‘@n(‘:(hannel s in

each of the L-1 other sets. 4. The nethod of claim]1,

wherein L is a mnimmnunber of sets to support the U
term Bal s. The niitleodadichaden lofurthea comprisipier ei n each set

i ncludes N traffic channels, wher [ r eat t .

one aftf*Rets maestfj NFrun aﬁg‘? it‘%mg)rs ngrteggalélg?lg’t%grﬁ {)}p % rminals for
Ehéh 6th& PhedfoftladfidtHanndlk &llfiréin @Ach %ﬁﬁp of tetmifafsiis assigned traffic
channels is selected if Uis less than or equal to

nhamelsfeoratrespactsie set of trathc chigmaelsin L = - | where [x |
denotes a ceiling operator that provides an integer

val ue equal to or greater than x. 8. The nethod of

cl ai mol, f dmichaethedmifraldinng,; whereangieny teheinblst &e mirmags into L
into L groups of termnals, one group.of_termnpals for
oS Besedia Tecagrdsral fralites ectisviriel B8 UERBER- each

group of termnals is assigned traffic channels from a
respective set of traffic channels. 9. The net hod of )
cl ai m1®, witheanethodef CladimrJyi wizirsinasach growpnigelidesntepminals having
gro.Lf%s bas d.onlreagi%.i ved signal qualities achieved for

tSHBLUY T HROTEETE, A9 %Fhe met hod of claim 9, wherein

each group includes term nals having simlar received

signal qualities. 11. The nmethod of claim 8, wherein )

t he U ller niThel method ofralaimg8dwherein thegHolgpaingliseg agignged into L

mar gi ns hi eved by.th t i,nal ' ' .
ok Thaff o B Yenth B Py ¢ U @Gty WAL faflh K™ terminal
ri§ GRIicaEde SF 8 dfferanidl Betwedachieesioed bignilhgualisr achivakd 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.



and a required signal quality for the termnal. 12.

The nmethod of claim8, wherein the Uternmnals are
w@eeoakgsds i nto L groups based on spatial si gnap@ir/es200$/021056

the Utermnals, wherein a spatial signature for a

termnal is determined by a ggannel response for the

termnal. 13. The nethod of claim2, wherein the L

sets of traffic channels are associated with L

pseudp- r andom n

Dot of> 1 A IR ol Y1, §AeRTn SoRRrch SO, B uRPRY cach sc

sthenthie aidninels ahaduiahtnddbasabdn s etspatise geppingttale based

on the PN code for the set. 14. The nethod of claim

13, wherein the L PN codes for the L sets of traffic

channgls a | IRt i 2B nal frequenc

code.gds. Téga%{r%%%%g CE:)]' alm 1?1613\,1%%5?%??1??1%%25%‘) ey

siuimandsltiplexinpg OFDMp @ompsgng.of traffic channel s are

det erm ned_based on a respective mapping table. 16. An

appar AFALlAT PLYRHGIR cation systemutilizing

or t hogonal gdi&,GaHe NCkrIbirsfiie thikdd # e3¢ 28 U (¥rilidals selected for
conprising: a controller operative to determ ne L _sets

ddta trngrhission,athere|Is and Liste dagh ope 105 Eieaiel) §Vhewaine gpckigset includes

for.data,.transm.ssion, wher r

b0l SPRS s P Sy 30 RSP OGR: QPR e i
SARS iS cddhadet afeenddlokiRegaRto the toififc einmhblerin eadhdof the L-1 other
wherein the traffic channels in each set are not

gats,landonal to the traffic channels in each of the L-I

ot her sets i . o t ' ' ; ;
Orarti o or sl ne s ilfhibdle sv,‘}éj‘ths‘?lg Helfic Shhnld fitfe [, scts, wherein
sdvAnnatic cBarmsbBaissdofziedrivith onaer arorenfiregudncg gullrngs to use for data

subbands to use for .data.transm ssion.in each . .

AR RGPS b RGP RIUHISIOTL ET YO AR WEGER, Ao drdismissiogn dor the U
i 1 I Abdtth e U drhifals.

iR e lip AR B D @D Ahitals

apparatus of claim 16, wherein the systemutilizes

f ' F d in.eagh traffic..
channd ) n1Bbcpbdiatis of <85y athefif AR Dilrbofiizes gavency
fx@@;ﬂﬁ@(‘(ﬁﬂs haid RARMIR - daBR ey chehestin eichf @t eBtassociated with a

requency subbands in different transnission intervals i
fespedtive KH a¢duience: thah psgudo-randomly selects different frequency subbands in

different transmission intervals for the traffic channel.

18.  An apparatus in a communication system utilizing orthogonal frequency
division multiplexing (OFDM), comprising:

means for determining 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

means for assigning 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.



18. An apparatus in a communication systemutilizing
ort hogonal frequency division nmultiplexing (OFDV,

w@owpiging: nmeans for determining L sets of tP@f/iEm05/021056

channels to use for Utermnals selected for data

transm ssion, where L and U agge each one or greater,
wherein each set includes multiple traffic channels

that are orthogonal to one another, and wherein the

traffi,g ch e L e r .0 hg}gb@é;gl

traffilg' chgﬁﬁeﬁk@a%aﬁusegghhd%g tlﬁé }EBI?&& ﬁlgr set s;utgfr%gg h?equency
mepyisg f(PH),aasd griengint dweh Urdféic ndhaahel ini tdcht bet tsr aSddiated with a

channels in the L sets, wherein each traffic.ch I )
FeSPEs dith SereRpt Hab ﬁééuap-%i%@qv “dtis é@_@f&%@%‘ﬂ%ﬁgf gubbands in
Hﬁ?er&ﬁftﬁaﬂé}g%g%méx%ﬁ%me kAfRAGAnddIaNSM Ssi on

i nterval, rein data transm ssions for the U
termnals are sent using the traffic channels assi gned

tothe Utermnals.19. The.a atus of claim 18
wher op ¢ hes Sypeoburanrnguty PRI LA, S depystem witizing
Rdophial Bbduehds Bivisid huRipfRa@FDN),@8abrisak: i S
assg%jihgt (_eq‘ihv‘\a/i?ﬁ g respecltpi ve F seagzjen?gnt hgt )
pseudobtaimnp i traffisl ehangeldiof per &t date drppemisyiony Hbareds the traffic
in different transm SSi ' [ f:fi
PSS AR e TSFIRL Sy DR/ 208 b or s,
g&lﬁf’@i@ gt ée;t) ﬁh(ﬁll)’d:‘e% &ﬁillﬁf(ﬂd tirbal‘l\}fpidﬂ ghameRapanat oftglegplﬂhtty one another,
ivision multiplexing (OFDM, conprising: obtajnipg a .
tvheraip tredrathnehanngls i3 gachaet ¢anat eithagoRplde iﬂEF'nt,rg@;ﬁ shigyngls in each
t af f.i n ' . 0,
e 121 blfer SBROMRL phreRPl8 i Uhife P IoRGociaSf Stine or more
drghemgtsubbmmbis ttesserfor datptranstissidri io eattamamshEssidrainteavad; and
ort hogonal to one r‘iot her, wherein tl:é traffh@b loneing t
chann&happg date §ymRels gute {hsons P HBYENEFAUERCY FHPPARdsr fqlqnging to
j ach of the L-1 other sets, and wherein
?E%H%}fﬁg???gwghannel is associated with one or nore
frequency subbands to use for data transm ssion in

each transm ssi | nterval,; d ing data s ols .
onto e o @ed?&ﬂ%(i 8{. ‘?lfnéﬁ égh‘g’@erglﬁbkﬁgmﬁége%éﬁ%&ﬁ%%/%qute%cy hopping
t(hA), L 4o Whein bR laffi? dhanhBleinreath eek Bfassdofitéd Aith a respective FH
wher'ein the systemutilizes frequency hopping (F

snahenpe rtbitn pesudn-randonily cseloein eferert iamensyt sybbands in different
ssoci ated w t t H sequence t hat
3?8%@?3%8%@ fgre g%ﬁ;ﬁfc |h¥$%érient frequency subbands
in different
22. The method of claim 20, 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.



transm ssion intervals for the traffic channel. 22.
The met hod of claim 20, wherein each set includes N

wo e@biwizhannel s, and wherein L is a m ni num PCI82008621056
sets to support Utermnals selected for data
transm ssion, where Nis greater than one, Uis one or
greater, and L tines Nis equal to or greater than
U.23. The nmethod of claim20, further conprising:
mappi ng pilot synbols onto the one or nore frequency
subbands belonging to the traffic channel, wherein the
data aad piThemeshoddlctaimr2d, furthes cormprésingisi ng ti ne

di vi si on mul t I ex 24. The thod of

05 wHEPeI R stabas &%@D%%&e R LY fiphEnft Flepeing to
O Pa e cl?zﬁﬁh@ln Réheredn - thd Rt TBEd PHloP kyfibélk Mré Qranbmiticdeising time
conprising: démultiplexing the data symbols into
dinisippimaltgiledeg€IDM). mul ti pl e ant ennas, and wherein

the data synbols for each streamare mapped onto the

one or nore frequency subbands bel onging to the

traffipg chagnpehmemod &iiclan@r 23,r dmerid ksl dafa0Bm@rpilot symbols are
associ ated antenna. 26. An apparat us in a

dransroitiied ionbenesApéanam ut i | i zi ng ort hogonal frequency
division nultiplexing (OFDM, conprising: a controller
operative to obtain a traffic channel to use for data

t ransizsssi dhe nydigdedfieldilme20; fiafhiet comprasimel i s sel ected

fromanmong L sets of traffjg char]nels where L .i.s on

or gr @am@ lplwtép datagymbelsinto mayliple strpams 05#1@11&11?15@?%6&%5 and

%ﬂﬁ ddak 1‘t e @H@Aﬁu LR ﬁgﬁpcﬁr@{t@ & oth& fﬁblré ffequency
etraflcc nnes In eac et are not orthogonal

tshisbandsbelonginpdoribe sraffic emnhelodnd foether frausnhiged Seons an assoc1ated

and wherein the traffic channel is associated with one

SpteRBR-e frequency subbands to use for data

transm ssion in each transnm ssion interval; and a

mappi ng unit operative to map data synbols onto the

one orR26nmor e\rf appguAtcy sedanrisatingl ysigimfilizng prghogonal frequency

é{ﬂ)ﬁé};’éc t?ﬁ?}?]@&ﬁ)lﬁﬁ%%&ﬁ%ﬂ%r{]gal conprising the

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 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.

27. A terminal comprising the apparatus of claim 26.

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

29.  An apparatus in a communication system utilizing orthogonal frequency

division multiplexing (OFDM), comprising:



28. A base station conprising the apparatus of claim
26. 29. An apparatus in a conmunication system
waieiobioad7my ort hogonal frequency division nmultiptEKE005/021056
(OFDM), conprising: means for obtaining a traffic
channel to use for data transzg ssion, wherein the
traffic channel is selected fromanong L sets of
traffic channels, where L is one or greater, wherein
each %%gn% o%ga%ﬁngﬂ t%%fﬁk %h&ljn%f td 6iseC ﬁ? AR @mfsﬂfigsl(fi\r @herein the
ort hogona o one ano wherein the trafft
ehefenelagnélnis aalebied droraramangt L Gets hfgoaféic chanrtelﬁe whed {Li is one or

channels in each of L-1.0th t d.wh
Crratery Wh TP @R Hctcludon Glinte fatnc it g A A phbkonal to one
eacﬂ&e Reersit RRENFEAR Q:hHﬁrf‘elsf 9{ egﬁ{ 3ett ERNAGH §ShdWdnkINto the traffic

fransm ssion I nterval means for nmappi ng data
ohamkRtin eachsgfrtthsl othensetd; end)wéemm o traffiq dhgneel dy associated with
subbands b Ion

QB$ 195 dnere E‘B&S @f ﬁbb&ﬁé%\?? Elggff]él ﬁ%tﬁrf?nne}sg}?%slyséch transmission

%téﬂvhlzbﬂg orthogonal frequency division multiplexing
, conprising: determning traffic channels

assi gnedns forUnepning daﬂasmg@u alianesynibgls gafogthe one or more frequency

SRR iR R Raliedobh®ly T, G among L cetsof

traffic channel s, V\,here L and U are each one or

greater, wherein each set .includes nmultiple traf %
channdls t Hatmethed ot Fsqing Gl dhed &1 catigpysysfem utilizing

R I REP A o AR @rmsa) Sfprgeg. 1ot

ot her dset@inidn drafﬁocelmna]g dsigledr tnsti ssmaneds restestededor data

%ﬁ%g&%@%&n%@%ﬁ Eqr@glsls%ﬁ.ggréqtdﬁ :Clﬁg‘l t§ el il:%nr?is selected from
0%‘1? Zl,e§et{15f3ﬁ4é’@@ %aﬂféﬂ’so widrd Elghd 1PRE ééﬂ?bﬁé br %@Qt'ér, wherein each

ic channel in each set is associated w't

rse&peluﬁemaulﬁbﬂesteafﬁe plonel dlpat pmrﬁmgomid@nng/almhgm wherein the
d f t f b .
e imech & el PRt orpaaao s Gofi Rl Agh 0 e 1

qﬂ?érrgétgoandv\her ein each set includes Ntraffic
channel’s, where Nis greater than one and L times
equal precessingdatatransmissians yeceired om dhedraffic channels ass1gned to the U

terminals.

31.  The method of claim 30, 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.

32. The method of claim 30, wherein each set includes N traffic channels,
where N is greater than one and L times N is equal to or greater than U, and wherein L

is a minimum number of sets to support the U terminals.

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

comprises



is a mnimum nunber of sets to support the U

termnals. 33. The nethod of claim 30, wherein the
wpe@emering the data transm ssions conpri sesobp@l/nk1egs5/e21056

group of received synbols for each of K frequency

subbands used for data transn2&si on, each group

i ncluding R received synbols for R antennas, where R

and K are each greater than one, perform ng spati al

proce Fm

fr equéﬁﬂgggns,% gl%%&n% (?fgl%gﬂ%’%{ P a g% \gﬁgeagy%ggit ?g{l‘%&"g giilgbands used

sytrdaed tsarfsmissioneedchegoigniayludingRarwteivad syrdeots fariRosrgstinag, where R

gKﬂ(groups f det ﬁﬁt ed data synbols for the K frequency

Beesaqgrealeribay MSal period to obtain detected data

Sy nb?nb&f(“)ﬂmg %E)Qtizﬁf plodSssidgt 8h MhBaddup 3oF retb edByRdIOfor each

claim 33, further conprising: obtaining a channel

dsfiieney esubbande &x lbtain tah groupt ef deteeted daées spmbels pior ghe frequency

S lg’{%?‘l s received fromthe term nal, and wherein the

§% gl’lanﬂrocessi ng is perfornmed based on channel

est i MabRaltHRixidd e debiplofidBRtted dafa.symbelsiTet the & fbéquenay Babbands

33, further conprising: formng a channel response

i eachysymbe! regiod to pbiainadetectadedntiesyEbods ion ﬁ%ﬁlllsofﬁg%@de%fﬁnals-

channel estimates for a group of one or nore termnals

usi ng the frequency subband; and deriving a spati al

filtens4mat My nietodesfehninf33 Rathér Eomprisimgey subbands

based on_the channel respgnse matrix_for . the frequenc

subbaRtaining| 2 ghws! estinpe E%&@?lap ﬁbﬁ&&&g@wgs yased g aflot symbols

I U Rl A e, DAL PR AR, I orfopbbased on

chainel 8himatdsefortihn U teemsypbt i al filter matrix for each

frequency subband is further derived based on a

zero-forcing (ZF) technique. 37. The nethod of claim

35, whgr ei b hestRRed s Adimf 33, EetheFBéMprisiA@r each

frequency subband is furtheér derived based on a
m ni mfonmiega cheauml eesponsermitNKEm) each o theKefequency subbands based

on channel estimates for a group of one or more terminals using the frequency subband;

and

deriving a spatial filter matrix for each of the K frequency subbands based on the
channel response matrix for the frequency subband, and wherein the spatial processing
for each frequency subband is performed with the spatial filter matrix for the frequency
subband.

36. The method of claim 35, wherein the spatial filter matrix for each
frequency subband is further derived based on a zero-forcing (ZF) technique.

37. The method of claim 35, wherein the spatial filter matrix for each
frequency subband is further derived based on a minimum mean square error (MMSE)

technique.

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



38. The nethod of claim35, wherein the spatial filter

matri x for each frequency subband is further derived
whawedowns a maxi mal ratio conbi ning (MRC) techPtTyus2089021056

An apparatus in a conmunication systemutilizing

ort hogonal frequency divisiomgmwltiplexing (OFDV,

conprising: a controller operative to determ ning

traffic channels assigned to U termnals selected for

data transm ssion, wherein a traffic channel is

assigned to each termnal and is selected fromanong L

sets @f. tr ahfdpparehinninal ®mmntdifcatioh sastemUitiizingeartitogomd frequency

or greater, wherein each set includes multiple traffic

etvisreremyltiphexang(QF YYD 1Fe8WHEME 0 one anot her, and

wher ej r ' 1! I Raqi :

or t hoBRLoY e Febiive AP RIFLMILE (RARCcRERCRIEHIR tq Uy terminals

edlbed Retdata teansimssionpoebasinrgraffic thomel iatassignaddo padciensinal and

data transm ssions received.on , the traffic ch el s
Bs¥lefvec fromr £18nE) Lt a¢ihicATadlic gBanmelse "AisTlaPHiG Upfire each one or

atel) T%ﬁereﬁp@arcﬁisgt oRdBE RRAHIE RAMEEHanBET WAt $8S ofthogonal to one
patial processor operative to obtain a group of

anathéry eod syhebain shef affieashanudls i achopst arynei isBwseral e die traffic
for data tra 1 ssjon and to,perform spati al

g é?ﬁ@"ho(ﬁ%ﬁlz_ig?tg‘ﬁrpsegs? W, cei ved synbols for each

fr equgngycesHhP and oh&raBid & frodess datanrabmisions redivddton the traffic
synbol s for the frequency subband, wherein each group
ohanmelseissigeedd) Mol deipedlsides R recei ved synbols for R
antennas, where R and K are each greater than one, and

a demrmul tipl exer operative to demultiplex K groups of

det ecyyed daha appriras 6f ¢laim B9 avierdin dguerncassiag b womprises

each synbol period to obtain detected data synbols for

each @fSPeliE PIOCCEPRPPRPEVE 1R Pbt2iha SR 2¢q7aVe Vg fpr cach of K
t | 1 Q& ; ' [ spaRslRbdedding on th

oy by IBEg BB 6108 SRR i ! bIRRIppof Rt on e

for@puenmyeised banblsls Hars exth direqubannsibbest torabien 4 groug of detected

a9 ROl o Shec BRUGRSY 1BHbeaHh BT £or & BEPRpiyed symbols
SRALARIR Fdcbived sPRbSL Yorl RanRARdY, RhefelTe alfd K are each greater than one,

and

a demultiplexer operative to demultiplex 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.

41.  The apparatus of claim 40, further comprising:

a channel estimator operative to form a channel response matrix for each of the
K frequency subbands based on channel estimates for a group of one or more terminals
using the frequency subband; and

a computation unit operative to derive a spatial filter matrix for each of the K
frequency subbands based on the channel response matrix for the frequency subband,
and wherein the spatial processor is operative to perform spatial processing on the group
of received symbols for each frequency subband with the spatial filter matrix for the
frequency subband.



frequency subbands based on the channel response
matrix for the frequency subband, and wherein the

WG pabioad71pr ocessor is operative to perform spaPCHIUS2005/021056

processi ng on the group of received synbols for each
frequency subband with the spstial filter matrix for
the frequency subband. 42. A base station conprising
the apparatus of claim39. 43. A termnal conprising

comunon: ar-eyefefbdbetind by oo ROl O 2 uency

division nul ti pI exing (OFDM, corrprl Si ng nmeans for

determ nin trafflc channe| s as ne%i term nal s

sel ecttéd f &rterainal eympisHed ?B?Par%ﬂ%%? M5 raffic

channel is assigned to each termnal and is selected
fromanong L sets of traffic channels, where L and U

are edéh ome mpaghmdnercomherieitionewstamswilizingortithgenal frequency

.t Ie traff'épf@?ﬁﬁnels t hat are orthogonal to one
Hat et tWEHPEEf i ¢ channel s in each set

are nﬂ{eaﬂi FRABRARNIA DR chield ssiEhaDFUSeiniindagéleibd for data
the L-1 other sets; and neans for processing data

trapsmsissioni voinsein edeiffie channel i essignefiftp @a@ht&ﬂﬁlélﬁ]sand is selected from
%Sxaglp es?Ftst %%%ﬁf) ILtht Tl inmgleﬁ %g’d UTQS 24P gﬁeasfjép%r wherein each

or processing co

B3RS ud RrmeEbRI tRIfAE claan@lé1e thit afe crremgmvaedo 61ydTinm|t1&:rfamﬂ wherein the
each of K frequency subbands used for

mﬁt‘rpscrhaml@m cash ot Y HapoTthrgcnd; tﬁéh@tf?fé?&éih@’éf&?l%%ﬁi?ﬁh gf the L-1

erg%tg% nnas, where R and K are each greater than

neans for perform ng spatial processing on the

gr oup n@fang efoei prockssiygbddts ttamsmésaivins f reegjuehon sheblimiiic channels
t o obt ai n a _group _of detected data synbols for the
rpdghediie fhesy %%H‘r%asand means for denultiplexing K
groups of detected data synmbols for the K frequency
subbands in each synbol period to obtain detected data
synbol4s. f ofT heapparamils pfielaith #érwihanein shen@eanbHer proprssiag ggmprises

of claim 45 rther co ans,for.formn
chann&teang dpb r‘?g BIHER A ﬁrr(r’BB r® elfg?fvgf R4 01% o ee(?[?é R frequency
subbaad %sé@ﬁﬁ%a@d"tr&ﬁﬁﬁibﬂn %ﬁéﬂ BRYuB Siné10ding m&@éﬁfeﬂfsyﬁibels for R

or nore term nals usi n%
antennas, where R and K are eac greater than one,

means for 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

means for 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.



frequency subband; and nmeans for deriving a spati al

filter matrix for each of the K frequency subbands
whamemowns t he channel response matrix for the PCEUS®NYY21056

subband, and wherein the spatial processing for each

frequency subband is perfornmexsp with the spatial filter

matrix for the frequency subband.

46.  The apparatus of claim 45, further comprising:

means for forming a channel response matrix for each of the K frequency
subbands based on channel estimates for a group of one or more terminals using the
frequency subband; and

means for deriving a spatial filter matrix for each of the K frequency subbands
based on the channel response matrix for the frequency subband, and wherein the spatial
processing for each frequency subband is performed with the spatial filter matrix for the

frequency subband.



