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i nterferes
I. Field

[0002] The present disclosure relates generally to communication, and more

specifically to pilot and data transmission in a wireless communication systemn.

II. Background

[0003] A multiple-access system can concurrently communicate with 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 is often 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 among the multiple data transmissions is

typically not achieved in most instances due to various factors such as channel



with the data transm ssions for the other term nals.
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myltigie acgess ASHIEIANMA) sysiemiaje desgrhed herein. The SC-FDMA system may
utilize (1) interleaved FDMA (IFDMA) to transmit data and pilot on subbands that are

distributed across a frequency band or system bandwidth, (2) localized FDMA

(LFDMA) to transmit data and pilot on a group of adjacent subbands, or (3) enhanced
FDMA (EFDMA) to transmit data and pilot on multiple groups of adjacent subbands.
IFDMA is also called distributed FDMA, and LFDMA is also called narrowband
FDMA, classical FDMA, and FDMA.

[0007] For pilot transmission, multiple transmitters may transmit their pilots using
time division multiplexing (TDM), code division multiplexing (CDM), interleaved
frequency division multiplexing (IFDM), or localized frequency division multiplexing
(LFDM), as described below. The pilots from these transmitters would then be
orthogonal to one another, which allows a receiver to derive a higher quality channel

estimate for each transmitter.



estimate for each transmtter.[0008] For channel
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detaih.beRBv.shows an exenpl ary subband structure for
LFDVA. [0015] FIG 2C shows an exenpl ary subband
structure for EFDVA. [0016] FIG 3A shows the
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0019] FIG 5 shows a TDMrtﬁl ot schene. [0020] FIG 6

ke sleaprd sles@tptioahssieforth dgday wies, takes Hovgpnjunction with the
Gt B AL T a0 o
[02YA. FIG. 1 shows a Q-FDMA system with multiple transmitters and a receiver.
[0013] FIG. 2A shows an exemplary subband structure for IFDMA.
[0014] FIG. 2B shows an exemplary subband structure for LFDMA.
[0015] FIG. 2C shows an exemplary subband structure for EFDMA.
[0016] FIG. 3A shows the generation of an IFDMA, LFDMA or EFDMA symbol.
[0017] FIG. 3B shows the generation of an IFDMA symbol.
[0018] FIG. 4 shows a frequency hopping (FH) scheme.
[0019] FIG. 5 shows a TDM pilot scheme.
[0020] FIG. 6 shows a CDM pilot scheme.
[0021] FIG. 7 shows distributed/localized pilot schemes.
[0022] FIG. 8A shows distributed pilots for two transmitters with IFDMA.
[0023] FIG. 8B shows distributed pilots for two transmitters with LFDMA.
[0024]  FIG. 9A shows localized pilots for two transmitters with IFDMA.
[0025] FIG. 9B shows localized pilots for two transmitters with LFDMA.




[0023] FIG 8B shows distributed pilots for two
transmtters with LFDVA. [0024] FIG 9A shows
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[0025] FIG 9B shows localized pilots for two
transmtters with LFDVA.[002G] FIG 10 shows a
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In general, the techniques may be used for a system that utilizes one or more

multiplexing schemes for the forward and reverse links. For example, the system may
utilize (1) SC-FDMA (e.g., IFDMA, LFDMA or EFDMA) for both the forward and
reverse links (2) one version of SC-FDMA (e.g., LFDMA) for one link and another
version of SC-FDMA (e.g., IFDMA) for the other link, (3) MC-FDMA for both the
forward and reverse links, (4) SC-FDMA for one link (e.g., reverse link) and MC-
FDMA (e.g., OFDMA) for the other link (e.g., forward link), or (5) some other
combination of multiplexing schemes. SC-FDMA, OFDMA, some other multiplexing
scheme, or a combination thereof may be used for each link to achieve the desired
performance. For example, SC-FDMA and OFDMA may be used for a given link, with
SC-FDMA being used for some subbands and OFDMA being used on other subbands.
It may be desirable to use SC-FDMA on the reverse link to achieve lower PAPR and to
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generates pilot symbols, which are modulation symbols for pilot. An SC-FDMA
modulator 130 multiplexes the data symbols and pilot symbols, performs SC-FDMA
modulation (e.g., for IFDMA, LFDMA, or EFDMA), and generates SC-FDMA
symbols. An SC-FDMA symbol may be an IFDMA symbol, an LFDMA symbol, or an
EFDMA symbol. A data SC-FDMA symbol is an SC-FDMA symbol for traffic data,
and a pilot SC-FDMA symbol is an SC-FDMA symbol for pilot. A transmitter unit
(TMTR) 132 processes (e.g., converts to analog, amplifies, filters, and frequency
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The subband structures and symbol generation for IFDMA, LFDMA, and EFDMA are

described below.

[0041] FIG. 2A shows an exemplary subband structure 200 for IFDMA. The

overall system bandwidth of BW MHz is partitioned into multiple (K) orthogonal

subbands that are given indices of 1 through K, where K may be any integer value. For
example, K may be equal to a power of two (e.g., 64, 128, 256, 512, 1024, and so on),
which can simplify the transformation between the time and frequency domains. The
spacing between adjacent subbands is BW/K MHz. For simplicity, the following
description assumes that all K total subbands are usable for transmission. For subband

structure 200, the K subbands are arranged into S disjoint or non-overlapping interlaces.



data for transmtters HOa through HOm and receiver
150, respectively. [0040] System 100 may utilize

w0 EHOMA3820-DVA, or EFDVA for transm ssion. The BCbbs2ede/022728
structures and synbol generation for |FDVA, LFDVA and
EFDVA are descri bed bel ow. [G041] FIG 2A shows an
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consecutive subbands. Each frequency range is further partitioned into S groups, with
each group including V consecutive subbands. For each frequency range, the first V
subbands are allocated to set 1, the next V subbands are allocated to set 2, and so on,

and the last V subbands are allocated to set S. Set s, for s=1,...,S, includes subbands
having indices £ that satisfy the following: (s—1)-V <k modulo (K/G)<s-V. Each
set contains G groups of V consecutive subbands, or a total of N=G-V subbands. In
general, a subband structure may include any number of sets, each set may contain any

number of groups and any number of subbands, and the sets may contain the same or



nunber of groups, each group may contain any nunber of

subbands, and the groups may contain the sanme or
walrdobasend nunbers of subbands. 10043] FI G 2CPGHUS®OER2728

exenpl ary subband structure 220 for EFDVA. For subband

structure 220, the K total swgbands are arranged into

S non-overl apping sets, wth each set including G

groups of subbands. In an enbodi nent, the K total

| Shid h fol | ows. . Th
HRBR e o R, Syt OIS, 2 Skn85phP Kb US: e o
differantenayberangeasbbaids endaglby fiecdiseibeied: amigRnt i aodlwigformly

K' = K/ G consecutjve subbands. Each frequency range is
apiees thesyHedPRdseBY into S groups, with each group

. di : _
OO ! B SGFOMR Syt By ARFNAEns  CrniGfen SERYAAY LiDMA,
abéyer (EBDMX. s Uhbandsibadimeat,| moHipdel interlaes @y dadfosmedrfor each

he | Il d S. S 5,
i Gl SRR e BlLoCp St 10 oL 5 oL By o

tﬁfﬁ?ﬁi\sﬁaﬁi[zzgﬁ exdp1é, AwlodteR8eesiRay be fofmell &L Qubtting Group, the

. set’ contains G grcdups of V consecutive
Testoivdertice gy sontginakulibfands wiB exensuhbaretd .indipesgendrthe , second

. b truc e .. nclude.any .nunber . of ts ]
B BRI AR RRE" el embodiment
nﬂdﬁplersubﬁarﬁlu@b%wmayaﬁdfohh@d $&t SacHEMtcElady, A dable ssbaBd group
ord) fferent numbers of subbands. For each set, the

1Yo alloagiedcionensi of MRES Yerp gy transmissiaan t Foruersarnle, gwvo subband

. . . i .
AR e B A S AT By i v
stibaRii/An sthis tiateriaeey aids theusdcbnd esubbainfraupt inap @itain the upper
| EDVRA, . LEDVA, d/ F | di t,,. [tiple

SHORABH} i THEgate RNYed LF DM BoERDS b egfions Hpreot may

beaCRsidBle8 dsadifrerRY vBRiRk | ARt SHMAR. OP§ SdchMPr§od DE'SC-FDMA,
for transm ssion. For exanple, two interlaces may be

nfiwtiphe drsérs mayatamsmitoirthogonpl pilpts arha givien stbliand eetl (a@s ameipterlace

caontai n .subbands wi.t h.even- nunbered. i ndi ¢ce nd th .
oF 8Lt B afilobic B sPHTR ol el sbRts bf assigning
e@eltugat VX8 2 espebii Cibset Iy O tBRmisHB0di ment, multiple
subband_groups may be forned for each interlace, and
(004 s uEﬁaﬂ@X Fhowp thengenseation) ofax BN smebad fomprepinterlace, an

1908, AP HD AR 550 PP s .

fubtigingl sgomanoe AN modilaiion sjisbdlowebe guidpdtiethin ehet symbol period
interlace, and the second subband group may contain
eﬂma{g

op{ae ipgFice stbbaugrorp artabbandeset icdeno iz dy ) (block
3%6%6 %ﬂgin%f) gé%lugr?ctel ig r%?angilg?nrlgci) ]’:o H;%yfrequency domain with an N-point

discrete Fourier transform (DFT) to obtain a sequence of N frequency-domain values

C

(block 312). The N frequency-domain values are mapped onto the N subbands used for
transmission, and K—N zero values are mapped onto the remaining K —N subbands
to generate a sequence of K values (block 314). The N subbands used for transmission
are in one group of adjacent subbands for LFDMA (as shown in FIG. 3A), are in one
interlace with subbands distributed across the K total subbands for IFDMA (not shown
in FIG. 3A), and are in one set of multiple groups of subbands for EFDMA (also not

shown in FIG. 3A). The sequence of K values is then transformed to the time domain



be considered as different versions of SC FDVA. For

each version of SC-FDVA, nultiple users nmay transmt
wordokosgnal pilots on a given subband set (e.gPCT/EHS2006/022728

interlace or a subband group) by partitioning the

subband set into nultiple sulsets and assigning each

user with a respective subset for pilot transm ssion.

[0045] FIG 3A shows the generation of an | FDVA synbol

B Ryr LEP HER SEIF oBHRP R mence o

tidiid-@orgih oagxmumﬁlﬁep(fbld&krmdw ation symbols to be
transmtted in one nbol perlod on the interl ace,
004 andThe dash C eptrut mﬂas obhe seqyenis aig wpigigtogthe start of the

1
ey ol BB Py FOS SRS ok - o
samples ﬂ)lechﬁlﬁ)l €Thet€ aosibd votpDFah)plésoare bifian nalaadSzeq;uﬁﬁ ®eefix or a

of N frequengc -domal n vaI u s, (bl ock 312)
aﬂ?@qmm%j i15 they dIBa ¥l tcmreﬁv‘ 4y, Bisd g combat
HRRYmbB! ikfeABRIES S(tsw caaa%bgzghgégﬁépmy aée!l’&ﬁvé”ﬁdﬁ{g,p RAfch is a

ontd the remai ning K-N su generate a sequence
ﬁ‘ﬂquwoyarb&p@ase(tbafo&cakles aczr))ss thié eyskéns biogbwidh. used f or

(DORR" R il Sicrs e Beer i U2 BRAS SERbof i PRE B Tsplagh for the
cas&mammh i istah Inlﬁug@%ﬂgdm bitBthl N Sliban @B aRHSImIQ Wistributed

| FDVA (not shown in FIG 3A), and are in one set o

aRAPSS |ﬂgﬁ K @taitﬁ@bb@fdsS ubB iginal sequERERAL (l\émqsiumonsﬁsrmbﬁls fo be

a?i%lﬁls or I'TE ﬁ?h&eﬁéli}?%ac %?%BH? E\\{\Avﬁhya%%k lﬁOI n? | n\?els denoted as

&L e, & 16¢k 339N The oRpinaDiehheid® i9Bipficfe@ SIRALEO ©Btai
Sig[t?'l nme- 1Qo%l n ou(?put sggn'{plnll es-ﬁ(%l oclkEggJﬁ.G)f3 [ 0046] .

e'ktmdb(hs&quéh@mfﬂﬁ imcimigtioa symbolshdlogk Ga) c@habbmt)cwﬂhmh symbols
to the. S| art of the sequence t form

5 SERCRSy | AL PE0 OARTL R OpaURy: WL tihaendssfp Mesiequency
doRBE KTIRLS 1301?1&‘ 6f fhe %ﬁ%irﬁfj sQUER S re S AMRIRS Naéc% 1?]1%& @lﬂ)bands being

called a cyc ic prefix or a guard Interval
spheedcapatti by BrabbandsemithhS —Thenbbyudsi of mrefpoxver sepwmhgt adjacent

FPRARL oS LIRS sxoRdedl seGhe ah o ol P Batihoy spectrum that

dc&%;ﬁ@ﬁi‘a&rlh&@l uym(} @3 _across the system bandw dt h.
47] FI G 3B shows the generation of an | FDVA synbol

[ 648]oneTh¢1t@|tqné@® geguench elsc aitipliedwivithha Nphase iamp to obtain a

0 e
AR ERS s eqRire TR BB IERNE 3555 b SRAH} tampie in
the ffuqureney-atndlhted shguatideanayslydifmleatdédasfolliéwans mi tted in
one synbol period on the N subbands in interlace uis
denoted as 2 TYEDIK

x,=d, e , for n=1,..,K , Eq (1)

where d, is the n-th modulation symbol in the extended sequence, x, the n-th output
sample in the frequency-translated sequence, and u is the index of the first subband in
the interlace. The multiplication with the phase ramp e /**¢* D '% in the time domain
translates the comb-like frequency spectrum for the extended sequence up in frequency
so that the frequency-translated sequence occupies interlace u in the frequency domain.
The last C output samples of the frequency-translated sequence are copied to the start of

the frequency-translated sequence to form an IFDMA symbol that contains K+C
output samples (block 356).



(J 1, dz, d3, ..., J N) (block 350). The original

sequence is replicated Stines to obtain an extended
w@ewaass2es of K nodul ati on synbol s (bl ock 352).prdnesioe/022728

nodul ati on synbols are sent in the tinme domain and

coll ectively occupy N subbanflg in the frequency

domain. The S copies of the original sequence result

in the N occupi ed subbands bei ng spaced apart by S

EHBTE ork JEDAE o BE AR, B Rl R TRRRRL R e phese

rénp)oait hieke Moagiéemmaﬂgc bpdesd tsnBbands Cdmtlﬁg with Sibase® u. S
1 in FIG 2A [0048] The extended sequence

MA symbels maytbeasesrrted Witk differspt ﬁ}bhaxgi offsets These S IFDMA
S%Fglg %%gdéé&:ﬁﬂ%gﬁf cficht RRAHRAC ﬁ'fdoﬁange ?ﬁ bS g R BB oG8 another.

ock out put sanpl e
[00564 ue nthe prommhglshxmls agfieéh 6A maybdesedao gemdraid IBRMA, LFDMA

apd Aol ot By i oo KT eeSing shagmin FiG: 3B

neytNeed 8 ?&i&%ﬁ@ SFDXIA 51180416 T8 tnO ¥hdRUh Vﬁﬁ&PNeis 'aﬂ 1ﬁt|8$er divisor

fre quency-transl ated sequence, and u Is the index o
of freaid thet Nsubbendd armumIMnl}'\timm&@l aéfh@ tira (K itqshl sdbbarsls. The

hMA W ARG BTC ey hef ik BT oL fu b and ey thus

bk lﬁ@ef&)ﬁ&cﬁ NEES! 3%CeHagMeisedtd Senlef26 MO SEnBdIRIf I ienot an integer
frequency-transl| at ed sequence occupies interlace u in

divigorfof &g aeHdhe dowbbands e npfa@tlfoenbudlﬁmbuieémr@g tlest Kyswbbands.
DRI SRS SRANGR, B8 0E B8 SHed f dilf il
[6051pol ThatK ¢Chtoatpus sKmple@ afUarp SC-ERVA eymbbl OWchh may be an
[élgh%ﬁ[ol%mg An _| FDVA synbﬁ is periodic in the tine

- Bt EfFaMArfmhq saé rtfa@ﬁﬁf)’l“&ﬁdnhlérfc% 3BPiFpp@ipds, one
oM AREDY SPORE S0 B, /2L SCOPDIIA SypEP Bl (orSimply, o

sgmbblapediody fssthe duraﬂitm sé o SGEBIWWWMBO& ad id ei;uabtbuﬁyq- C sample

di.&ierent |nterl ﬂ%&; ce be thogonal to one

P&H SI'}éAfsaI{‘E;SQB‘]Io &f @pglﬁ in FIG 3A may be
[0652] toAgeEar g%h@néa'ﬁ%elﬂ RLBb Ak FRy s HRB!aﬁdsf fonch Lpay be
any val ues of K. The processing shown in

ytet:leceu@edFDM@,em @uldtaad@@mfcgﬁm fagra sdt @fcmlsleplemubband

di dt
oS o PN B R By nes Pl et BRart Bl FR G ete ana
plibeoh HAVE saipbindl segear. a8 iidterlhdes 'ﬂr@ siBafle %ﬁoﬂf@@f to a base station

require a DFT or an I'DFT and may thus be preferred

le@ut oiterfarine ity 9Bel anefhefe nMulinie psmrmayyaltoshare f gyenssubband
s@t?t anfNthle "R Shation may use receiver spatial processing to separate out the

interfering transmissions on this subband set. For the forward link, the base station may
simultaneously transmit data and pilot on the S subband sets to S users without
interference.

[0053] FIG. 4 shows a frequency hopping (FH) scheme 400 that may be used for
the forward and/or reverse link. Frequency hopping can provide frequency diversity
and randomization of interference from other cells or sectors. With frequency hopping,
a user may be assigned a traffic channel that is associated with a hop pattern that
indicates which subband set(s), if any, to use in each time slot. A hop pattern is also

called an FH pattern or sequence, and a time slot is also called a hop period. A time slot



divisor of Kor if the N subbands are not uniformy

di stributed across the K subbands. |FDVA, LFDVA and
WEEDMARYOhol s may al so be generated i n other PER82086/022728
[ 0051] The K+C out put sanples of an SC- FDVA synbo

(which may be an | FDVA, LFDMfy or EFDVA synbol ) are
transmtted in K + C sanpl e periods, one output sanple

in each sarrpl e peri od. An SC-FDVA synbol peri od (or

&R o PP oo Sh o W o SR BRat sbi guutiple sy
peaody. € TR hosl gasiedl SyCpidudelrandohily seRkct @ferbMORAbaAS sets in

used enetjically herein, a subband set is a set of

Bhfrfinae sm clffew;n% él"éfﬁ“i}’riﬁ aehigras pyoseleqtipgig]l ¢ many of the S
sﬁl&ﬁ%ﬂﬁ@gt oTUTo M o Y - g set of multiple subband
gr oups “EFD —or e reverse link, S users may

[8054#)| t ahmmmﬂﬂgpdﬁmaﬂsmetclﬂmte& setrigl deﬁﬂedtfomeh hiek SEach channel set
subba S interlaces or S subband groups)

A e PioRg RODRY Gt B0 o traffic
chilelieirap NU! thi RbfieUsBbend B @ 88 $hahSide QloYe”TﬁH ba%m intra-

set, and the base station my use recei ver spati al
cgu/smsnt@gfetance epon@ussroassighedto raffic f:bemnnlg in the same channel set.

t hi bb d set
AR BRT 1™Brr 3 RPN v i o8 ey o B ks based on
e hép pherli foP thad rafffie c&@@bbanﬂnﬁeﬁéqub&ysblu&e i$ a specific set of
WIthOUt i nterference. 57053 FIG _ 4 shows a frequency

speRspin i ¢ Fpcific Hmmslotodor et embpdineentismdiorHsarnmay be assigned
th§ Yﬁfc’fg; @Q{ﬁé&é %Igch\/(fgﬁﬁeoel dr{h%gog% SHEN T EP R}Iﬁg%l%%ers may also

provi I'versity®and random zat
biera?ss&gﬂeelrthﬂ samé trafficathheie] cald| tBes@rovsﬂqipﬁ)mguseW‘tvhuld share the same

SRR i rosodtys Bores tnd T frre, oGy a8 OFer il e time. Tn this
chgid ﬁ&s My tﬁQ &g?@ﬁ% St By bbfmlﬂpglgxé@aéjééaschﬂede@éi&w and

tlma ern is also cal FH pattern
thy daseqau@meslomfdr thesd wrersshayt bé sepatagasl usirlg receiverispatial processing

eriaqd, ' slotis the anmount of tine spent on a
gﬁ(?gﬁe%cﬁlﬁs‘ihgeget and typically spans nultiple synbol

51; 0dSIn akdEheh @mbBaintict, iniE)pleRhaneld & Hﬁi@meyd&ﬁlleg @br each link.
dlf erent subband sets in different tine slots.

Hagl glramel sl comtpigs Syorthogamnd itwfiicichapnels| dbe |Srigafﬁc chagmels in each
H@ﬂ%él Qét [ng%ﬁtzﬁspﬁ?eﬂgg ?:ﬂlq %ﬁh 085 ?50&8 e %%ﬁ? ch%%etl% gF each of the

n an e one channe

reiﬁﬁmﬂgdclfaﬁnel aaih THif kandEﬂﬁ)iEs dherfaehcs hog® téend Bidned to traffic
raf cfg‘annel s that are orthogonal to one another so
?’FH’FSrinf eqtchppnel sghannel s map to the sanme subband

[6656]1 N FIY. 4%hYGR ahiBmPlaf) magBths ofURHiScHafiidi 36 chéh channel set
to a sequence of time-frequency blocks. Traffic channels 2 through S in each channel
set may be mapped to vertically and circularly shifted versions of the time-frequency
block sequence for traffic channel 1. For example, traffic channel 2 in channel set 1
may be mapped to subband set 2 in time slot 1, subband set 5 in time slot 2, subband set
1 in time slot 3, and so on.

[0057]  In general, multiple users may overlap in a deterministic manner (e.g., by
sharing the same traffic channel), a pseudo-random manner (e.g., by using two pseudo-

random traffic channels), or a combination of both.



sector interference anong users assigned to traffic
channels in the sane channel set. Each traffic channel

WO goorapseed t o a specific sequence of time-freqRenty2006/022728
bl ocks based on the hop pattern for that traffic

channel . A tinme-frequency bl ggk is a specific set of
subbands in a specific tinme slot. For this enbodi nent,

up to S users may be assigned the S traffic channels

and u ci T ort hogonal to one another. Miltiple users
may al's®! he same traffic channel, and
t hese oyerl appi ng users woul d share the sane sequence

[¥58]; e VWithegtashexhagoplicCARM n rentinle drappritesany depwnit on a
ggxbilélr figl%bi?érﬁg@ncjeﬂlo%ﬁ' STgéé‘Scﬁlt ttﬁﬁ?rﬁi'sélgﬁsz gfo thilg tracPsmitters may

users may mul t1 plexe escri be
itetfene, withn dn¢ hmotikatand tmayrisnsepatatadsusingy rebéieaespatisl Focmying even

e B RS ne iR o fou Bl ot i e SR «3hSisions
£ fhdab Qraﬁ&lﬁﬂ!éﬁ‘é mafhe JbeBRleed Lag 1}‘1(51{4, @gﬂa B8, LFDM, or

Each channel set contains™S orthogonal traffic o
semgratersmultiptexiig schempc Bivaonthwigenal pileée fmprown chinngk estimation,

e _pseudo-randomw th. respect taq, t Straffic
R, R S RO B ool R Rt kel by e wsed 0
récveotlic 48t tirdh&ﬁ[*i%h@nﬁﬁ%@eﬁm,gmymﬁﬁ)eﬁ&ﬁﬂrﬂﬁﬁﬁktér@ E()e. . 2,3,4,and
traffic channels in different channel sets. [OO Givé

Sfr| €R) MayhEREe oh SiveBnEmerearany dlpcks  tHoaf fimplieianthel following

i t .« L .
A5BAER SIBRRShac -4 out SEHEL SRR Bl ar
r€tiplRRYd Bf tHBRRAE tife-#BHIdnER HlockanA 1ol fof WidphidityS pithisefdr only
versions of the tinme-frequency bl ock sequence for

IFbMA jand ERRMA redeseheddelawl e, traffic channel 2 in

BPA"S PG5 MndfPLa POMTRRBE ey BRI GE R g Depiy poa amd

pilotren shoan® titledr@0eyy. b1bAOMAL is dongriRed af onérvéttdfIIN @ubbands in
users arrllalg%/lgrgverl ap.in a_determnistic manner (

. e.g., hy
off 41N Tssymebol psripdss vdwahder 1, Eorpghe azsamlarﬁg@w in FIG. 5,

e : Is tratfic .. .
SRR (oD OAE 0 PIRATT AR LT hdilr in syl
periad s)risd tlen 400 B8 syMbolhpetivdsi 02 tthagghal. Izaksohhér 1 does not
multip]le trapnsmtters, may transnit on, a given . .
t’fainﬁ@ltﬂﬁ@q%ﬂ%‘i} IB1s5ER0 MHOdILT & { PRSTHES P dReSHitedata in symbol

FASSE LRI LET e S0P QUAD 9 0 BB sy
pexieds |+ 2t thesghdat Brahsmitien? siseomst teanemit@iatacortgilog dnsimtiod period
t.o nleheacli]a(%g tc‘r%:rrls'mi-gsqgnsp }i‘lor(r)lt tratlnrs%ri]t%errn.s Slszim%nf interfere with one another. The
pilot transmissions from transmitters 1 and 2 do not interfere with one another and
hence an improved channel estimate may be derived for each transmitter. Each
transmitter may transmit (1) a data SC-FDMA symbol in each symbol period designated
for data transmission and (2) a pilot SC-FDMA symbol in each symbol period
designated for pilot transmission. A pilot IFDMA symbol may be generated as shown
in FIG. 3A or 3B based on a sequence of N pilot symbols. A pilot LFDMA symbol may
be generated as shown in FIG. 3A based on a sequence of N pilot symbols.

[0060] FIG. 6 shows a CDM pilot scheme. For the example shown in FIG. 6, each
transmitter transmits data in symbol periods 1 through z-1, then pilot in symbol

periods ¢ and #+1, and then data in symbol periods ¢+ 2 through T. Transmitters 1 and



fromthese transmtters may be orthogonalized using
DM CDM | FDM LFDM or sone other nultiplexing

W@ elves820dhe ort hogonal pilots inmprove channel PCT/US2006/022728
estimation, which may in turn inprove data performance
since the channel estimates gge used to recover the
data transm ssions, hi general, any nunber of
transmtters (e.g., 2, 3, 4, and so on) may share a

Lve fre enc ock. For si Iici y, 1he .
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SEEREMA Srdil St oF S beepetoddomd Tudiplid e ¢ pilppSC-FDMA

sOmbbh&ith aJTEfOF bj?fﬁbélrlﬁeﬁki@ ey . blf%gmftfé‘?tz ik %ssqg{%;ﬁnggcgpﬁﬁonal pilot

one set of N subbands in one tine slot of
cpde pPHds1, wigs euiltiplic its pdpt BGFIEMAnginebod wathnt+ i for By@bobperiod

transmtter 1 transmts data in synbol periods 1

andrppigRlies the pRRNSEIHIGYLA pymbetnwith per stdswnbOA\mfnpﬁewl The
| e .

e R A I i e

tlnsmssioh t eTh@ rédedes Ndohsbimkat ﬁeimo@y&ibﬁb-]ﬁﬁmmd?mbols for symbol

I{eﬂé&ulg%ﬁdat —H.' tg y&}@g\{]a %Lé::efvtgéglpts éE% 5@1219 tfor+1|:ran'sm611tt&g' 1. The
r&f% 'EuHr&‘Jts %héj PLRiveA s FRRAERI & i 3n C?é/m?)'oi %Enb@ t+1 from the

synbol period t. The data transm ssion
rthnEB@{F@MAszmhbl an ispmbolf parmdwi toholaia areseived pildh8C-FDMA
gﬁ‘h’ ans ss ons fromtransmtters 1 and 2 do not
8@@ ne anot her and hence an i nproved

[eer)nel F&Sﬂhb 'éﬁib@dﬁiﬂéhtéoﬁlo%rlh\ﬁésf 9an& BCHwd § DM&k:ES&S are used
Each transmtter may transmt (1) a data S

fex, s IDMrprleM Bijatp ﬁbn]o‘e‘fq sehstekérsn Eaddtrammttat faansmlts its pilot

AGRAN AR B E el BlFRRL e e SYTRRG e BpSHitods for me

qDMopildtFovéme.y riixeh thamgmiteer geAHEhaees cefait hainduf frbfsmit power
3A_or, 3B based, on a sequence of N pilot synmbols. A

Ipyebovhickmpy e innrasedrhy et @ew&c@e@wraksendmtatwnm & this case,

A SAPRIERAUTRSE Sl ly S OOBE) i e

ifte@al. 6, Thimalows dresrectiver to calestrntose datrgy ifor shenpiddt and derive a

riods. 1 through t -1, then ilotinsynbol periods t
Bt fies chelingl hatec i it periods t 5 2
[006QUINFTG. 7 E@%@%ﬁﬂn@ﬁt@dﬂoc@ﬁ ilof Q@i&ﬂes prloﬁle exam%le shown in
si mul taneously in synbol periods t and .

EIGa ﬁseﬁChttmnS@m rtlanemtsadqia i syraie! mamodssy rﬂtmough —flhéhen pilot in

Ii)anen nnerd then Yata & sylsnrl])% enorbs t+q throualr T. Both transmitters 1

and 2 transmit pilot simultaneously in symbol period z. However, the pilots for

transmitters 1 and 2 are multiplexed using IFDM or LFDM, as described below, and do
not interfere with each other. As used herein, a distributed pilot is a pilot sent on
subbands that are distributed across an interlace or a subband group, and a localized
pilot is a pilot sent on adjacent subbands in an interlace or a subband group. Distributed
pilots for multiple users may be orthogonally multiplexed in a given interlace or
subband group using IFDM. Localized pilots for multiple users may be orthogonally

multiplexed in a given interlace or subband group using LFDM.



3B. Transmitter 1 is assigned an orthogonal pilot code

of {-1- 15 + 1}, nultiplies its pilot SC FDVA synbol
wWowRah/138206 f or synbol period t, and multiplies P¢EURIDE022728

SC- FDVA synbol with + 1 for synbol period t + |

Transmtter 2 is assigned anigrthogonal pilot code of

{+ 1, - 1}, nmultiplies its pilot SC FDVA synmbol with +

1 for synmbol period t, and nultiplies the pilot

BRI oy BT RS, W grove,

vihicibete #166 icallsl diseibutedr IRADNIAL pildt@N eSS s8BbanfiB8n interlace » are
recej ver cqnbines the received SC-FDVA synbols fo
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di st g pudiedbeial i zed pil ot schemes. For the exanple

shown In FIG 7, each transmtter trans.rrits d_ata in
syPbd\pphierai pliase ranipr furginterlacd v mheshownl int equatiog npplto obtain a

peri nd t data in synbol periods t + |

thr o%eﬂheﬁcfi"gg%nﬁgﬁapgﬁ%‘%ﬁnf?‘er s 1 and 2 transmt pilot

si #ul Appeed dshdlid prefy Ele fRQLEMY-tianslatddW@ince tdenerate the pilot
pilots for transmtters 1 and are mul tipl exed using

| FDMIBPMAsimbels descri bed bel ow, and do not interfere

with each other. As used herein, a distributed pilot
[0@654 pi Fie. 8Brhows disitibutad pilotsafor dramsuitters ilbanded with LFDMA,
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FGEER A0 LTTARTSRL TR, SR B gt s
aleNgitn ifli@slofdethfdugh M6 whd archagtitidhed iblioStivol Sabéeds] Phd BfsS subset

for. multiple users may be orthogonally multiplexed in
cqniging subhands it oddgpmbered indices, and the second subset contains subbands

with even-numbered indices. The subbands in each subset are spaced apart by two
subbands, and the subbands in the first subset are offset by one subband from the
subbands in the second subset. Transmitter 1 is assigned the first subset with N/2
subbands, and transmitter 2 is assigned the second subset with N/2 subbands. Each
transmitter generates a pilot LFDMA symbol for the assigned subband subset and
transmits this LFDMA symbol on the subband subset.

[0066] An LFDMA symbol for a distributed pilot may be generated as follows.

1. Form an original sequence of N/2 pilot symbols.
2. Perform a DFT on the N/2 pilot symbols to obtain N/2 frequency-domain

values.
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[0068)2NAFPG O8I sHowé Rycllized HiloRdbe 8ins@littdrs 1MHnAUORIINTADIA, which
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N/2 subbands. Each transmitter generates a pilot IFDMA symbol for the assigned
subband subset and transmits this IFDMA symbol on the subband subset.

[0069] An IFDMA symbol for a localized pilot may be generated as follows.

1. Form an original sequence of N/2 pilot symbols.

2. Replicate the original sequence S times to generate an extended sequence with
K /2 pilot symbols.

3. Perform a DFT on the K/2 pilot symbols to obtain K/2 frequency-domain
values. N/2 frequency-domain values are non-zero and the remaining
frequency-domain values are zero because of the repetition by S.

4. Map the K/2 frequency-domain values such that the N/2 non-zero frequency-
domain values are sent on the N/2 pilot subbands in the assigned subset.

5. Map zero values onto the remaining subbands.



transmts this LFDVA synbol on the subband subset.

[0066] An LFDVA synbol for a distributed pilot may be
w@emenag2ed as follows. 1. Form an original seqPents2008/022728
N 2 pilot synbols. 2. Performa DFT on the N/ 2 pilot
synbols to obtain N 2 frequepgy-donmain val ues. 3. Map
the N/ 2 frequency-domain values onto the N2 pil ot
subbands in the assigned subset and nap zero val ues
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for a localized pilot may enerate

For mvaliesr i gi nal sequence of N/ 2 pilot synbols.
3. Map the N/2 frequency-domain values onto the N/2 pilot subbands in the
assigned subset and map zero values onto the K —N/2 remaining subbands.
4. Perform a K-point IDFT on the K frequency-domain values and zero values to
obtain a sequence of K time-domain output samples.
5. Append a cyclic prefix to the time-domain sequence to generate the pilot
LFDMA symbol.

Steps 1 through 5 above are for generation of an LFDMA symbol that is allocated N/2
subbands out of the K total subbands.

[0072] For clarity, exemplary methods of generating distributed pilots with IFDMA
and LFDMA and generating localized pilots with IFDMA and LFDMA have been

described above. The distributed and localized pilots may also be generated in other
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RFBICTT By Bl BustrBlorb suba R 320 ioh SEEGMER pfols Have the
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the N2 p| | ot subbands in thé assigned subset and nmap

tpeapitied) inek fatsemplrepeciods NDatz ardpROINC-SIBBAngymbols of different

durations may also be generated and transmitted.

[0076] FIG. 10 shows a transmission scheme 1000 with different data and pilot

symbol durations. For transmission scheme 1000, each data SC-FDMA symbol is
composed of Np output samples that are transmitted in Np sample periods, and each
pilot SC-FDMA symbol is composed of Np output samples that are transmitted in Np
sample periods, where N, >1, N, >1 and N, # N,. For example, Np may be equal
to K+C, and Np may be equal to K/2+C, K/4+C, and so on. As a specific
example, K may be equal to 512, C may be equal to 32, Np may be equal to
K+C=544, and Np may be equal to K/2+C=288. Each data SC-FDMA symbol
may be a data IFDMA symbol that may be generated as shown in FIG. 3A or 3B, a data
LFDMA symbol that may be generated as shown in FIG. 3A, or a data EFDMA symbol
that may be generated as shown in FIG. 3A.

[0077]  As an example, a pilot SC-FDMA symbol may be half the duration of a data
SC-FDMA symbol (not counting the cyclic prefix). In this case, there are K/2 total
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synmbolor” pilot LFDVA synbol for each transmtter may

be3gevigp il /s fisf@shdy domaldCvaldds sigb iBe BF/14 RAG&Dsubbands in the
construction, [0074] The pilot subbands may be a
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I
ﬁ;?cﬁe%h{] 2?9% é’% sﬂ% ?H %#néa I%/i ?etqgl&llc b%%llfadg vaijues and zero
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sgﬁgrvr\g aa r(?tﬂsary t%gll\?nno?'r%aleggta subbanvc\lns For IFDeMg there is no direct
mapping between the wider pilot subbands and the normal data subbands for a given
interlace. N wider pilot subbands may be formed with two interlaces and allocated to
four transmitters assigned to these two interlaces. Each of the four transmitters may be
assigned N/4 wider pilot subbands that are uniformly spaced across the system
bandwidth. Each transmitter may generate a shortened IFDMA symbol for a distributed
pilot, e.g., as described above for the shortened pilot LFDMA symbol, except that the
N/4 frequency-domain values are mapped to different wider pilot subbands.

[0080] Transmission scheme 1000 may be used to reduce the amount of overhead
for pilot. For example, a single pilot symbol period with a duration that is shorter than a

data symbol period may be allocated for pilot transmission. Transmission scheme 1000

may also be used in combination with CDM. Multiple (L) pilot symbol periods with
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containing gpproximately N/Q adjacent subbands. In general, Q may or may not be an

integer divisor of N, and each transmitter may be assigned any number of subbands and
any one of the subbands in a given subband set. For the distributed and localized pilot
schemes, each transmitter may transmit its pilot on its assigned subset of subbands.

[0082] The pilot symbols used to generate a pilot SC-FDMA symbol may be
selected from a modulation scheme such as M-PSK, M-QAM, and so on. The pilot
symbols may also be derived based on a polyphase sequence, which is a sequence that
has good temporal characteristics (e.g., a constant time-domain envelope) and good
spectral characteristics (e.g., a flat frequency spectrum). For example, the pilot symbols

may be generated as follows:

p,=e" forn=1,...,P, Eq (2)
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that may be uniformy distributed across the K total
Belpbasedg, andy bpadesvedpaed obynyds cfibdfotidsing-or a
di stributed LFDVA pilot, a subband group may be
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cont ap,pi ngra@pridxmmrat)ély, N Q subbands that may be Eq (8)
spaced apart by Q subband. For a localized | FDVA
pilot, an interlace may be partitioned into

=—(z/T)-(T-2£+1)-[(£-1)-T+(m-1)], Eq (9)

Eq (3)

Eq (4)

{(ﬂ/T)-(T—2Z+1)-[(T—1)/2—(m—1)] for T even ,
Py = Eq (10)

(7/T)-(T—2£+1)-[(T=2)/2~(m~1)] forTodd .

Equation (8) is for a Frank sequence, equation (9) is for a P1 sequence, and equation
(10) is for a Px sequence. The lengths for the Frank, P1 and Px sequences are

constrained to be P =T?, where T is a positive integer.
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§ubbangds sety e dletammined GfockybbldhdsThis cwdbandTees Py wontain (1) data

. ' SG: F ol , may, be .
P oVt R o o RV PRL i
tarQiifterafiol pitotaransthissioni | Bir & yishivusedn@rylosdlsRd iflot, a subset of P

deri ved hased_ on,a pol yphase sequence, which is a
%@B%ﬁ @ssighpgk fop, aléofgfg%ﬁi\{%r?ﬁo WAIChclh Aplaeted friogt araang thedQ subband

RSO RIrARY Wil B %Qﬂgléa sﬁﬂl;/@dosgg ks &&gmﬂﬁé)cfjgﬁ@c?ccf 1:_}?5 Eor a TDM

characteristics (e.g., a flat frequency spectrum: For

@G pilot; the spbdeddf subbbodssassigyérbfoy ilet amdaiwls;orf islet;guﬁo the set
=ej, f". i =l ... 2 e. .

Gh BB eosnegtn msBrission and Rgot Fobs kipied, foglied pilo

andi GRMIa9theS 6RIRS 19NOWN The shiblaRd set aRd sﬁbban]dasru?set may be

respectively, and is equal to N'2 for the exenp
dtifimed ibdifetenantinheas dependihgpin @) whethens dissibuinedl drlo&dliz&d pilot is

Sy B ORGP S TS on
EKIPMA isised )59 t}g'ﬁygfre]:fdh, E@) whéther the @4td lag(y Bilat}SG-F%tss}lgfkgls have

equati on &6 ) are relative rime.
the yarhe of differentdimatitnss exflisnare, Bleogksat i10ran(i4) 12 mafybe parfB8ned for

ence.. .equat | 5) .is f.or P4 sequence, and
SERUARGRo B T FBYA Dot ol dre SV SOPSE: pa and oo
[pesslences séc?fénﬁ@\b@ PR Fndtoly & Yeh@BE e of 0BR3d oH'G polyphase
pilot synbols may al so be generated as follows: )-t+ =
qogue_ncyt(g}gck dri14) " This sefuensg typieally contains Pne pikgt (yinbdhéer each

P8 Ly o S Bl 8, e i
synibpls- fof a2IBM) or CDM Ipjlot Wittt (Npl1gt} subb&flis ()N /2 pilot symbols for a
distributed or localized pilot with N/2 pilot subbands. Data symbols are also
generated in the normal manner (block 1116).

[0086] A pilot SC-FDMA symbol is generated with the sequence of pilot symbols
and such that these pilot symbols occupy the subbands used for pilot transmission
(block 1118). Data SC-FDMA symbols are generated with the data symbols and such
that these data symbols occupy the subbands used for transmission (block 1120). For a
CDM pilot, multiple scaled pilot SC-FDMA symbols are generated based on the pilot
SC-FDMA symbol and an orthogonal code assigned to the transmitter. The data SC-
FDMA symbols are multiplexed with the pilot SC-FDMA symbol, e.g., using TDM as
shown in FIG. 5 or 7 or using CDM as shown in FIG. 6 (block 1122). The multiplexed
data and pilot SC-FDMA symbols are transmitted on the assigned time-frequency block
(block 1124).



Equation (8) is for a Frank sequence, equation (9) is

for a Pl sequence, and equation (10) is for a Px
waewaass2ee The | engths for the Frank, Pl and PRCT/US2006/022728

sequences are constrained to be P=T 2 , where Tis a

positive integer.[0084] FIG 551 shows a process 1100

performed by a transmtter to transmt pilot and data

in the QFDI\/A system A set of N subbands sel ected

fronwi th Subband sets is determ ned (bl ock

1110)~ may contain (1) data subbands

tg be used for data transm ssion or (2) pilot subbands
E088’He s Refeasting pagkite il Ce 1 raarxgm*fqre}S@, faoghaphelogstimator for each

t Ilzed il ot
SESTEASPEIS St i S PBL B o
mhatuz‘h antenise | M];tllep?le f(QQ) ransmitgrs hey @1&6 bl@él B4iné tibfefréquency block

rrggdm%g%; %p gs ned sqbband =ls]%%) {Ozédet er mtdrégcglbed shove.
Eééﬁbétﬁﬁﬁelae?ﬁr& ESmR J[hgt d&r?ﬁ@lﬁ@ﬂtﬁ ﬁ&nhlﬁgfeﬁﬂgn gﬁcg derives a

the set of sub banId)s assi gne or transm ssi
ghannegt gstimaty |f@t qachof the Q)traﬂsuutid:rs zshaa:hqgl thisttimeCfraqubnaybloBk.

Ber 75712 Sabe dobporsse oD SRERISH e SrHaHeramapr for one

1@Bei(d hntehied Reestitnlé S tBpdRE oF rthé: %ﬁhés@ %ﬁarEﬂei Qr da3h transmitter
being transmtted, (2) et her | FDVA, EFDVA, or

bagest prthe m@mesﬂmoeﬁMm@de Fblglclamfe', sl;e@nelmsummon for one
mﬁ@.tﬁ'égéengpﬁ ogrﬁtgﬁ%r@fg m *"-,nwarﬁ angA g%bn‘g%g}so have the

same Jcks 1110

[#089]1 11 Thoreshatnesl rteﬁfn@foﬂ&dceﬁﬁs @ﬁtsh:-mbwm Ssbzﬂﬂggls ffort ’gﬁ associated

AR B4t PRI Bat Snieeegoh iR CaVgpertshed doofhe pilo

I .z
LER1IIRSRNONE B ke S iy 3. BSOURALG oy sV
yohelsf are gbidind inr Qneymited iperiodsFrometha rp hensrhitierss and el feceived

R SERRFLL o B oA PRt Preseose i G gl estimate

i gaf irthBderOFok @At DELHiIdstRmddHoBmYh F161 6,30 trecelved SC-FDMA

subbands. Data synbols are al so generated I'n

syBoels comdipiag thel GloM pmm)ﬁmpouhse@ tranginitters 8@ FDMplied with Q

TGt S ATRERRERD Wb ro iR IRA ey Plon Yo bl Fceived

pjbe SCEEDMA byahbdls fsrshe Qstrﬂﬁn{l@ér@CFoﬂﬂé@ismﬁﬁE@aﬁgoE%d pilot

nbol ted th the data synbols and such
e %’clgst 50 %%Q%;aﬁg%ﬂugh 58 @By TQQﬁ’é’eéu%l’@éﬁ@sFlaMéd sympol may be

dﬁﬁﬂ&i’@n%?ﬂe%?m@;g 'ﬁ_&'h)d yﬁjoo? RO hsAit{eRVh R th% NG Odle)lt RC-FDMA

scal ed pil s are geherate
sytdobisipoecessed to derive a channel estimate for each of the Q transmitters.

[0090] The channel estimator removes the cyclic prefix in each received SC-FDMA
symbol and obtains K input samples for that received SC-FDMA symbol (block 1212).
The channel estimator then performs a K-point DFT on the K input samples for each
received SC-FDMA symbol and obtains K frequency-domain received values for that
received SC-FDMA symbol (block 1214). The channel estimator performs channel
estimation on received pilot values obtained from the received pilot SC-FDMA
symbol(s). The channel estimator also provides to RX spatial processor 160 received
data values obtained from the received data SC-FDMA symbols. For clarity, channel

estimation for one transmitter m is described below.



SC- FDVA synbol and an orthogonal code assigned to the

transmtter. The data SCFDVA synbols are nultipl exed
wowdok/1882e6 pi | ot SC- FDMVA synbol, e.g., using TDRCEES2006/022728

shown in FIG 5 or 7 or using CDM as shown in FIG 6

(bl'ock 1122). The multipl exedsdata and pilot SC- FDVA

synbols are transmtted on the assigned tine-frequency

bl ock (bl ock 1124).2. Channel Estimation [0087]

rri bac o FE 1, at_receiver 15Q, a channel
080 e REP It TheReFinsiiieS v Eio80R 9 e dgoipfedue fo use
SHTEDNE ICIINES PRIDEEoOEFDRE NTRA Sk eive@ BHBT {4188 BP @rah%ftter m may be
receive antenna. Miultiple (Q transmtters may share

EME e ti me-frequency bl ock and may nultiplex their
pilots using TDM CDM | FDM or LFDM as descri bed
above ch_channgl .estinptor perfo t pe
conpl gﬁr@ﬁt‘aﬁy*@‘@n&({‘%%mg and de‘il;’?‘?f@s}ga’channel Eq (11)
estimate for each of the Qtransmtters sharing this
i me-trequency bl ock. [0088] EIG 12 sho a process
‘&fi%g %e(?cg it ?TB%O%V?LE R Wn%?‘rls tif?%%?‘fhbaﬁg ne receive
ant en stimate the response of .the wrel ess .
chan n@”k@r %e%S‘H“PI.%é&% {Of ° Wigles ?}W“Pﬂ\ggeﬁ‘i"?e& transmitter  and
recei ved f&g&%&ﬁé tairr%f?rp}bééﬁeﬁcl:or clarity, channel

estimation for one y bl ock shared by Q

tr ansp )6 & réceivia pilbt Page %&mh}qgge%%o SHna FiS: SRBAREL

A

estinmator receives an SC-F

assoCNatkg ds @it iRiNdan rec@de ntentahabr fdbhrk;and undoes
the TDM or CDM perforned for the pilot (block 1210).

For tKg iTdispbseddf Bpllensmbbiialsn in FIG 5, Q received
pil ot SC- FDVA synbols are obtained in Q synbol periods

] h oc e il .
By R T L R0 R RRLV BrtsBlon mpise (AW
wiith zere neean hadnebriagkiofdhe for that transmtter. For
B e S B i o e e K ot
subB4HRIS Orfly P r@é&vé@‘éﬁdt Rbjud s tﬁ% lr?gifyi E%ﬁ%ﬁﬁﬁg’eﬁ“ansmiﬁer m

assigned to these transmtters acc
abreadinedané thei reeniipng & — BGeBEW saludaadrs disoarded 6162k 1216). P is

ShRCREN Bolis Thveisag ChR g Eéﬁﬁ@%f%da{é%?'séﬁ%ﬁ :N'/‘%i for the
BuiBleePad AL TP AR 0L Wt BRE GEIRR fopthe DM,

GoMVE Diditayerbadd Tosalived piles sutheines At hatre dlifidiaiitieteived pilot values
each the Q smtters. [0090] The

estimate_ far .of ra )
ER AT (5 AT PIRG RGPS FuMBIEITS GarbPoh SekaRds are used
vyeagieyel tHfasiiiMhs for the distributed and localized pilot schemes and hence

different received pilot values are retained for different transmitters.

e

[0093] The channel estimator may estimate the channel frequency response for
transmitter m using various channel estimation techniques such as an MMSE technique,
a least-squares (LS) technique, and so on. The channel estimator derives P channel gain
estimates for the P pilot subbands used by transmitter m based on the P received pilot
values for these subbands and using the MMSE or LS technique (block 1218). For the
MMSE technique, an initial frequency response estimate may be derived based on the

received pilot values, as follows:



synbol and obtains K input sanples for that received
SC- FDVA synbol (bl ock 1212). The channel esti mator

wo b@a/1pe2né orns a K- poi nt DFT on the K input sap@l/gs2000022728
each received SC FDVA synbol and obtains K
frequency-domai n recei ved valyues for that received
SC- FDVA synbol (bl ock 1214). The channel esti mator
performs channel estimation on received pilot val ues
obtained fromthe received pilot SC FDVA synbol (s).
The cljanag] Bt eP dk) al so praoyjdesgto RX spati al
pr oces$or f60]1?(&¢}§iw]ép ’dat a val'ues ‘obtai ned fromthe
recei ved data SC- FDVA synbols. For clarity, channel
estimation for one transmtter mis described
Wkéro W/ {"OQRYL s d biganpel @iiss edtintiie b&i@retd frh@nSifib /968 ré&efre antenna »
ort hogonal to one another due to use of TDM CDM | FDM
for stlftiahdl £ End r'et dienetds picbmplexaloufgateoFok HigNBSitédhBique, an initial
1gma be i(gzjiven as: R p{k) Hnr {l@(,{l -Pm(k) Nr{k) , for
CqUORRY 1eppopsqatimatemey pe derivedys| fatlowsi) ue” sent by
transmtter non subband k ; Hnr(k) is a conplex gain
for the w reIRe channel between transmtter mand
receiﬁﬁﬁamiﬂwiﬁz,for subbandjbrkéﬁxk) i's a received Eq(13)
pil ot val ue #H&h receive antenna r for subband k;
Nr(k) is the noise on receive antenna r for subband k

: d KplLS§..t: subset of P pil.ot subbands. ,For .

100341", Epb SnREEARREY rhotss" sl SlretPamDE e egias for the P

pitvit sebiaads STRO DRIl SErch f Weltvird 89s ShARR nybefoharacterized by

vari ance of 0. [0092] The K-point DFT in bloCk 1214

Ly t8Rs ek Ir anayi e dletsafhpasPs oA channkl dopulse gespoasrd sstimate for
BT [ M I P. pi.l.ot  subhands

il PPRR SRR bk oo 1ah18 PRl BRTRRG 2 teast-

squites €cR) teetthipal arem MIMSH itebaique ¢blobk 0250)1 24 Gdast-Ryviafes channel

equal to N for the TDM and ,CDM pi |l ot schenes and Is

igpylse responge@stimaterwigh Hitaptsy #1f) e domnd: 1, ochl meg de ditindd based on

schenes. Different pilot subbands are used for the

trpiptiatfivguenicy resppuicsastionate, bofollbveed pil ot schemes and

hence different received pilot values are retained for

di ffergnt pilot schenps, Furthernore, different pil ot

subbabﬂs=é§éxgﬂed)ﬁﬂﬂiﬂf:@n ent transmitters for the Eq (14)

distributed and | ocalized pilot schemes and hence

Eq (12)

n init | « . ] 2
where H,,, is an Px1 vector containing H ,’j’,(k) or H"“(k) for keK';

W.... is a sub-matrix of a Fourier matrix W  ;

LY

A le isan L x1 vector containing ﬁ,’j,,(n) for n=1,..,L; and

“H» qenotes a conjugate transpose.

The Fourier matrix Wy . is defined such that the (u,v)-th entry, Juy» 18 given as:

s {(u-1)(v-1)
jZﬂ'——-——K

fuy=e€ , foru=1,..,Kand v=1,...,K, Eq (15)

W,,. contains P rows of W . corresponding to the P pilot subbands. Each row of

W,.. contains the first L elements of the corresponding row of W, . @Afxl contains

the L taps of the least-squares channel impulse response estimate.



different received pilot values are retained for

different transmtters. [0093] The channel esti mator
woregoeas2iérat e t he channel frequency response fPET/US2006/022728

transmtter musing various channel estination

techni ques such as an MVBE teghni que, a | east-squares

(LS) technique, and so on. The channel esti mator

derives P channel gain estinmates for the P pil ot

subbands used by transmtter nbased on the P received

19093k v Ay MEMBSEr chanael cimnubssaresponge ¢stimptegwithd MYBE A1 (k) for

LS techni que (block 1218). For the MVSE techni que, an

rmlk ek AR Be derivedrasdolinvee estimate my be derived

based on the received pilot values, as follows:, Tr

(V-)1 Fomse " r keK p , Egq (12) IP( 12 +
0 whet an-Fé_\‘EkiLﬂstaFEMMWPxI@;xn,est| mat e bet ween Eq (16)

transmtter mand recei ve antenna r for subband k and

" * " _denotes_ a_conpl ex conjugate. For the LS
VERnNguels 3Bl <A ﬁliltavowa}af@émtyx 1o& 8pisp gad erferencs. oy AWGN,

d f k K Eq (13) [0094
Re Ty OF iR a5 Nen c"y N, dopibese Nt Firdiciscctgrs AP point IDFT
I t bbands. The
BT AR e B i b és" YRGB CSHEREdb AT g channel
imypulsetregponsedsdiiatd witkp ths. | ess than P. A channel

| se_response estimate for transmitter mmay be
@”&9 W ed Thg s8amsh eptiaatpr Ewaméﬁorrgaﬁlwn@gtand@r @ostaprdcessing on the

1'tﬂr2t%:aﬂg:lr u rﬁ?’s{egﬂqi@«i%g‘%é ar{d?o‘}ht?le gcglﬁglg?eg Sn% %’%ﬁe ponse estimate to

llmmm'fsthe ealiiy of theehtnmehtstinmité (bldckt m&) The fiktdrine thef bélbased on
rived hased on the initial

1 ﬁg’a%g?f%‘yser @g%ﬁég%ﬁgdﬁ%ta@ mfuite grpysgresngnss SRipfijter, or some
@RerRye &f HRGL O MAUMBHINhEE, flimcafioh k'r) q{e ferffméd i(‘&%’gl Knly the

<=K' "} WPXL is a sub-matrix of a F |er mat ri x
@ShkltaHSsOfdhe channekimmysecesponse ﬁs’nlg;ndte pnd to) reptalce the remaining taps

B e, e RBLAR  BRRRP s B s
tapd hevihg )/lowf etbr¥y \below @ pRAetdARinEd Yhiéshold. - The tHE8sHolP)may be
computed based on the energy of all P taps or just the first L taps of the channel impulse
response estimate. In yet another embodiment, tap selection may be performed to retain
B best channel taps and zero out remaining channel taps.

[0097] The channel estimator may derive a final frequency response estimate for the
N subbands in the time-frequency block by (1) zero-padding the L-tap or P-tap channel
impulse response estimate to length N and (2) performing an N-point DFT on the
extended impulse response estimate (block 1224). The channel estimator may also
derive a final frequency response estimate for the N subbands by (1) interpolating the P
channel gain estimates, (2) performing least-squares approximation on the P channel
gain estimates, or (3) using other approximation techniques.

[0098] A frequency response estimate and/or a channel impulse response estimate
for the wireless channel may also be obtained in other manners using other channel

estimation techniques.



WPxL contains P rows of WKxK corresponding to the P
pi | ot subbands. Each row of Is WPXL contains the first

wah 2@bas@ené s of the correspondi ng row of WKxK .PCI/KE2006/022728
contains the L taps of the | east-squares channel
i mpul se response estimte. [ 005] An MVSE channel
i mpul se response estimate with L taps, h r'se(k) for n
=1, ..., L, may be derived as follows: where NLXL is

an Lx# t £Q riance. matri x of noise and
i nterfe é‘—@d‘—ﬁﬂﬁ@g 1 2 NLxL rmay be given as NLxL = NO
éﬂ where N Qs the noise variance. A P-point |DFT may
0891 e Rsderring haek tnFiChel, iansingledinput sgliépieputpas (FDER) channel is

fostab tal | | se. nse. est i,mat e
SRR HeRuR 88 hile MeEARENE e BRI SRONAG B Rofmas a
fecéiver i16Q. artheoSIVIOS chnel €66 thais@ittdr R, i 8 tiatl, ., M, may be
freque.ncg response estinmate and/ or the channel inpulse

¢ dytanmiRel channep respensehectiuak j tkyr) ofor teheh subband, which
chagnel est#ma_lte (bl ock 1222). The filtering may be
HAL BECHNCEE Phite i nmpul se response (FIR) filter, an

infinite inmpul se response (HR) filter, or sone other
type of filt F - (k) R0 enbodi nent, truncation may be
performed tq retain|only the first L taps of the
channﬁl Ic'5p~ | e (kdkponse estimte and to repl ace the
r enai ni”fwg tgps Wi th|zeros, hi another enbodi nent, Eq (17)
t hreshol din y..be|lperformed to zero out channel taps
havi ng | ow erlg({f’t | ow a predeterm ned threshold. The
threshol d may be conputed based on the energy of all P

f the channel inpulse

taps or just.the first L _taps

VESE dhs L5 PFd e - Ri- 15,8t CoNBlRG PT E9PBBIGR 1Fenel Eaig between the
sel,ection be. perf orne o_retain B best channel )
S8 SnteR A F A hE RedTiainos Siooi G0 tor pbband k in
thannelz. eat difBtat STRO @E&ﬂn\é?isafcfringélbefvl}c%ﬂﬁ&@ﬁ%ransmitter and the

response estinmate for the N subbands in the
repgieert rldgshaenel Bspenseigctons for dreoMptzaidinitiers b&0d thrayghdrl Om may

GBS I R AR 2200
fooPal]serf 8 r OF aﬁﬁhﬁtegsb%el %cg?dlfo%@ahsgggio?lg@ggﬁ Jgss than or

estimtor may al so derive a requenc
cguel trathe fwnberhef thaffiuhametds by ofd khiriiek sgofoat MNYS §,hel® the M

h I [ timtes, (2 form ng | east-squares
N R ST C ARG L LT .
OfStrAEmMRERs RBIP AP iHOMrhsE t‘?é’lﬁ§'chh%%8%n ;&lrr% SfPaénélel set (or

fre uency response esti mate and/ or a channe
Mes ponthen ¢besentransmiitters mhay be msdigssl whffionebannsly fains thédemallest

nq.lpﬁb%lr 0f gmlnﬂeloste i€ tfhg%&%gﬁc’m lflnsixlng T c?tl cl‘?lglgne(f rs]g’lcg ?6)| needed to support M
transmitter may be given as Q=|M/S], where “[x]” denotes a ceiling operator that

provides an integer value that is equal to or greater than x. If multiple (Q) channel sets
are used for M transmitters, then each transmitter observes interference from at most

Q-1 other transmitters at any given moment and is orthogonal to at least M — Q-1

other transmitters.

[00101] For the Q-FDMA system, up to Q transmitters may share a given time-
frequency block. For a frequency-hopping Q-FDMA system, a given transmitter
transmits on different subband sets in different time slots and shares time-frequency

blocks with different transmitters over time due to the pseudo-random nature of



estimation techniques.3. Spatial Miltiplexing [0099J
Referring back to FIG 1, a single-input

woreiobiipd2es out put (SI MO) channel is fornmed bet we€ruUs1v66/022728
single antenna at each transmtter 110 and the R
antennas at receiver 150. They5l MO channel for
transmtter m for =1,..., M, may be characterized by
an R x | channel response vector hm(k,t) for each

nd, which_may. be expressed.as: where hmr (k,t),
PR pBftng. BBt S TIRAGE st whiot b froquency
bk sty Beraihtites 1gh@®ughgenna at transnitter HOm and
the R antennas at receiver 150 for subband k in tine

£10802)k - Anrltinle-iemrt nilngdeomimvh IMO) fobamed isformed hetween the Q
SRR e B0He W15 RRERRE haod P RBRE 150, g7 MO

response vec or t ra

dtinelnayy be cleaotefided@by dh R&Q chindel kQueRseYatrl, B%,7) for each

respectively. [00100] 1f the number of "transmtters
gihberd imdthé tmetfregmemiyddodky whidh sy beegrédahawdr equal to
the nunber of traffic channels in one channel set (or

M< S), ,then the trapsmtters may_ be assi gned
differ)‘i’éﬁtfyrf-‘érr(hfll\f%éﬁﬂet Q{’ﬁf)ine cRakefiset. 1f the Eq(18)
nunber of transmitters is greater than the nunber of

fi hannel. s 4 n.one, channel.. se or M > , -then
ﬂ@fge r gsngl% ?ett er sﬂ?ﬁ%ndge OéstE‘F gtHB%Tgﬁte{lléqﬂFY c!’l%‘ﬁganr?él general, each

: e ts., The. mi ni num .
S g e AR SRl o O b B it

may it elifferayt $E-RPMaAnsyasbd stredmdViSnrmultidde betermas and would

{~x~| ! denoi]es ﬂ cei ling operator that provides an
hek dges ope channeh sgspprseatstir inolbF, (hyfereash trangmitxanterina. These

[ .chapnnel . sets.are used faor, Mtransmtters
Pl R GRAPRE pS Gl AhBaty Fruitlirbinet e Giaisd o the same
wag hs Qultiph th@tsmiigsims okt Aiphs siﬂ%]i-aﬁieﬁﬁ:i‘trﬁﬁ%ﬁﬁﬂérs.and i's
{%r@thogonal to at least M(Q1I) other transmtters.

89Y1] Heeh of fle 82 Apmamitiers andy Giensoit Qata and miilot ewsing IFDMA,

jve i: ck. .For )
AL 4Rl T8 LTINS Rl iy R rceive
antemmesrendolaains kdckdreéd ditasiahiean The edcsivied daiafvhRIes fir datBubband &

slot.s and.shares ti.ne-frequency blocks with different
Wregﬂgmnl{oépgn@;ép}‘ ‘%nﬁé{oélﬂglab’ Seerrepssd@sio- r andom nat ur e
of frequency hopping. For sinplicity, the foll ow ng

descrimti ore e P pnentigre-f Hheque ck shared by
transfnék%t’gjéﬂi ’tﬂr%u’g%)aﬂF’éd{fo’Z] }r[nlflbétl?‘b’l e-i nput Eq(19)
mul tiple-output (M M) channel is forned between the Q

where x(k,t,n) is a Qx1 vector with Q data values sent by the Q transmitters on
subband % in symbol period » of time slot ¢;
r(k,z,n) is an Rx1 vector with R received data values obtained via the R
receive antennas for subband k in symbol period 7 of time slot ¢; and

n(k,t,n) is a noise vector for subband % in symbol period # of time slot ¢.

For simplicity, the channel response matrix H(k,#) is assumed to be constant for the
entire time slot and is not a function of symbol period x.

[00104] N transmit vectors, x(k,z,n) for k ek 4> are formed by the Q transmitters

for the N subbands in each symbol period n of time slot . Each vector x(k,t,n)



transmtters sharing the same tinme-frequency bl ock and

recei ver 150. The M MO channel may be characterized by
wa@pookigg2ehannel response matrix EL(k, t) for eRCIUS2006/022728

subband in the tinme-frequency bl ock, which may be

expressed as: H(*,0 = [hi(M ok 2( ) ... hQ(*,0] , for

k Kd , Eq (1S) where Kd is the set of subbands for the

ti me-frequency block. In general, each transmtter my

e.equj d with on Itipl.e antenpas. .
P LRER e s o the P ek st Dl blregmbol period 7 of
SacklVA synbol streans frommnultiple antennas and
woul d t hen have one channel response vector in H(A:,

(00103 Shedsciveanwsiors, réhrennar ATh&s e areudtitiipédefor the N subbands in

transm ssions fromthe nulti-antenna transmtter may

epshsymbelariod ndfeachaiime wkoy 2. aBacmetiop Irék, ¢ ri reonmiassiBoreseived data

frommultiple single-antenpa transmtters. [00103]

eelugs %"P Ve ieaRsantenngs &t seapivier daQ Y onarsubland ipi enst symbol

[NAverd-§idMAnd RS :,ﬁﬁ@/l@e . e r .

heoEl |g nFr?Et saelnir;IEes f(} g’rﬁt e ?(ggg’l %n\gegrﬁ%g%ﬁgfstﬁgﬁ'?gaa value in

hbtwectos x(&oei v éd nuldtiied b yu . j-Thheect@telned od alia cNahblefesponse

for each subband k in each synbol period n of tine

weisk H(ka) th gersxpte asestdras (k.¢,00, The) Q=laty kaltds in(X(k,z,n) , which

t,)+ n(k, t,) , for k eKd , Eq ( 19) where x(k,t,n) is

are ent e & diffaenthirQsohattas,vatk uesltiphed bpythe I cQumns of H(k,?) to

transm tters on subband k in synbol period n of tine

gqnsrate Q vectors &, (k)2 #)s thapugh £ (kels throngi viektoR foreeaeh \badsmitter. The

data val ues obtained via the R receive antennas for

G NG 10)i pbtaipad BY reservien dShisotomrosed ef atinear comhihation of the Q
n(k,t,n) is a noise vector for subbagd k in synbol

RRAdre t] | n)F L Iph LYy -

res po%ég’ﬁg)t rﬂlulﬁi(;ﬁgli§ (‘I%I(]tc")-t’ng’segsl:g%n’em& t4a zﬁgk’%gﬁsf%p r}? J(:Jerlved data
the entire time slot and is not a function of synbol
Yeéud inar (, £, )OGS 4dnthing panspbhent of tahf the @, ttanshitfedrdate values in
<Kd , are fornmed by the Qtransmtters for the N
EwbahdShe R dasavalussssnl sipaltansgusly by the Qerasmittets an dEelt bubband
vect or Xx(Kk,t,n)contains ata val ues sent by the Q.

KB h s poBhd & ah Biaaae s Syier v arscamather atpeaiver 150,
brde]t - Re bV QLS - ;
[gr e gbt ai %ég?j&?gm%aé’cﬁlées 3%%‘21%%%?‘%6‘2%@&13@ r%%?ﬁ%%ﬁégg‘ques to
sepyyitecqitt fihe date teinemissionEaatt siedtaneousik byt Qewatsatithas Bn each
Y val ues. ohtai ned.via the R antennas .at .
S BEE taE it e o hRTRC P SR pRisGToing techmiGues imclude o
zero-forcing (ZF) technique, an MMSE technique, and a maximal ratio combining

(MRC) technique.
[00107]  Receiver 150 may derive a spatial filter matrix based on the ZF, MMSE, or
MRC technique, as follows:

M, (k,0) =[H" (k,t)- H(k, )] - B (k,0) , Eq (20)
M, .o (k,8) =D, (k,) - [H” (k,0) - H(k,0) + o> - 1] -H (k,1) , Eq (21)
M, (k) =D, (k) -H (k1) , Eq (22)

where D, (k,1) = diag {{H" (k,1)- H(k,?)+ o - X" -H" (k,)- H(k,)}; and



period. For a given subband k, synbol period n, and
time slot t, the j-th data value in the vector
woedost138296 i s mul tiplied by the j-th vector/ col paTUsi006/022728
the channel response matrix H(, t) to generate a
vector r j {k,t,n) . The Qdai val ues in x(k,t,n) ,
which are sent by Qdifferent transmtters, are
mul tiplied by the Q colums of H(k t) to generate Q
vectors Y {k,t Sl_lhrou h k t,n), one vector for
each Qnalﬁ@ﬁifﬂ@g[H Iﬁbf)rgﬂtkdb] k.(k.t,) obtained by
recei ver 150 is conposed of a Ilnear conbi nati on of
wa@rvleo tn@ySesfimble the Gharbl RbisHhsé gallﬁvl I-ﬁ)c t) %r oK sibtdhd based
(k,t,n) Each received data 7=1 val
@Q Ld‘lft ,‘pd))tSt Teasived ritom riise & tanymiterst Fbr emiﬂy Oﬁhetchﬁcr@tlon herein

HRRRE nh alindel BB By ByCetna IS0 tan ok fher tiggted channel
%Sémql(% l' nto“:&ﬁbe 1a1piﬂfe'tr ngatqu oi%e&iu?% éf k, tt) 12: assumed

thus interfére’ W|th one another at e€ece€i Ver
{o0Bd @6rpstdre creiose Itindd @loﬂ&,yﬂlléss@niéa@aﬁhﬂsﬁftﬁcﬁb&&r maP el @ed for all
roc SSI ng .t echni q(ues to separate out the data
? SdRdmesiet Zsi nul t aneousl y by t he Q
m t
fe ré%é?l?sl?ﬁé%g%‘%%%?é%%@n B e B e o
zero-forcing (ZF) techni que, an MMSE techni que, and a
naxi mek(k;gi) o=MHArkgy, £)VRC) techni que. [00107]
Recei ver 150 may derive a spatial filter matrix based Eq (23)

on the ZF, r ehnlque as follows: M (k,t)
=m H(k, t) - E(k, f%“ﬁ’?f)%ttt Eq (20) Mmse (k,t)
=Omse (k,t) m H(k, t) -H(M+ s2 -1] 1 -H (25 t) , Eq

t , lere
\’Nﬁé‘r)a M’cht)) (rﬁa}lﬁe [UH( (gr tE( gj"t llz t)ZEﬁ1 ek 0o %)
t 1
) PR 51y D0 i e Jﬁu%%ﬁﬂu“v%yn%% fo symbol
each subbmobaﬁcﬁdu@@slbﬂeaﬁm ots received fromthe Q
transpmitters. For clarity, the description herein
assunBe. ha) éinthameise afer thatchweespatml prlesssinger 150 t hen
uses the estinmated channel response matrix H(/c, ) to

Adeieviedidhe \&D.&tls ah edtichdteof SMhddmitteB8RAVIRH( A . ?) s
assuned to be constant across tine slot , the same

@Bb‘iﬂl al The estapatppiremytheddMBE spatid filtor M), |. (s y)miad the MRC spatial

S n time sl ot
R{jm ,) are unnormalized estimates of the data values in x(k,t,n). The

multiplication with the scaling matrix D, (k,£) or D, (k,f) provides normalized
estimates of the data values.

[00110] In general, different sets of transmitters may be assigned different subband
sets in a given time slot, e.g., as determined by their hop patterns. The S sets of
transmitters assigned to the S subband sets in a given time slot may contain the same or
different numbers of transmitters. Furthermore, each transmitter set may contain single-
antenna transmitters, multi-antenna transmitters, or a combination of both. Different
sets of transmitters may also be assigned to a given subband set in different time slots.
The channel response matrix H(k,#) for each subband in each time slot is determined
by the set of transmitters using that subband in that time slot and contains one or more

vectors/columns for each transmitter transmitting on that subband in that time slot. The



[00108] Receiver 150 may performreceiver spatia
processing as follows: %k,t, ) Mk,t) -l1(k,t,n) , Eq
W@ 28yp/13828¢ k, t,n) +n(k, t,n) , where M*, 0 mayReT/e§1086/022728
to M(k,t) , Mmse (k, , or Mmrc(k,t) ; x(k,t,n) is
an LxI vector with L detecteqyfata val ues for subband
k in synbol period n of time slot t ; and n(k, t, ) is
the noise after the receiver spatial fproceSS| ng. tAd
det ec ata vajue is. an estinmate of a transmtte
ES iﬁ? ﬁg m%&&%g} myfliple wchorm (e iamemiterasmpRgmltiple antennas to
pat-i:ak:cf | and the MRC spatial filter
%%lﬁéf{et&g%eaamm%?%MEé%ﬁesti mat es of the data
OMLEs iAs shokmtaboye,.thd heultiplé Qath tia@ethisSibndnl siniftancously by the
caling matrix J) nmms k,t) or J nrc(k,t) provide

t : (K, t i des
SRS ﬂoaﬁ?mﬂtbé’énik(?ﬁécfu%)ﬂabqlaqeae@ n §fomch ¢ sfot # may be
i S : i 1. . .
sl y ST 550 SR o BUFR HRLGERE g e by o
ehagnel rasposied eectomehl, (y:)t M allows figd QEFDMA TienP t6 @hjoy higher
of transmtters assigned to the S subband sets in a
¢AP¢EHY-t i me sl ot may contain the sanme or different

rs ' S, cFUrthernore . each transmtter
QOTPA, S CERMATAE bt PAR ot REPARC o R MR ot U roverse
linK, ol ipie eeragindls aag iahégit Sim@lfandoGBbh fidtsaR thhe-Beiltncy block
Different sets of transmtters may al so be assigned to
9 i DU WHBaAnkese etation, ayighe meayt sqparate dhetrnsmyissions from these
I . [ : . h band. i n
CHARAR, WiRE PRy REcVE ol blockilint, (GRS SR hoV8. For the
forwardniink,ethe wmsltigntedmt basebitatich nmyt bisthint bmﬁsll eitiradqtes for all
cont aj one or nore vectors/colums faqr eac )
AR B o, Par L RAGle FABSTBoR R DS BerEn Py s fop feamsmitier
?Jaﬁﬁl- pro&REBE Fbr<thb thanbhisSBYs SR bR tHRsd Hrhidle P’(ﬁcéxg.ﬁlﬁ]le the base
or a transmitter using nultiple antennas to transmft
Hationgnanperfarmesansmitter spasial proceskb@ fof BOminG] mAss Hows:
above, the multiple data transm ssions senth bband K
si mul t aneousl y« by the transmtters on each subban
in ea¥n ?%ﬁﬁm%@ﬂ'é@(k&@faeacﬁ?rtki%dsl ot t may be Eq (24)

separated by receiver 150 based on theLr sp?tia

' t whi ch are _qgiven by their channel response
Taet? ohdiinh 1Y 3 et oL fo Beetntd (oo sdheng & n symbol
enj oy hi gri?e'ﬁoﬁ%poq{fﬁﬁé/slot t; and

X,(k,t,n) is an Rx1 vector with R transmit symbols to be sent via the R

antennas to terminal m on subband & in symbol period 7 of time slot z.

Equation (24) shows transmitter spatial processing using MRC beamforming. The base
station may also perform other type of transmitter spatial processing. For example, the
base station may transmit to two users simultaneously using zero-forcing beamforming
and may form a beam for the first user such that the other user lies in the null of this
beam and observes no interference from the first user.

[00113] On the forward link, a multi-antenna terminal may receive transmissions
from multiple base stations. Each base station may transmit to the terminal using a
different hop pattern assigned to the terminal by that base station. The hop patterns
assigned by different base stations to the terminal may collide. Whenever this occurs,

the terminal may use receiver spatial processing to separate out the multiple



[00112] Q FDVA may be used for the forward and reverse
links. For the reverse link, nmultiple term nals nmay

WO e@aass206 si nul t aneously on the same ti me-fr eqPenty2006/022728

block to a nulti-antenna base station, which may
separate the transm ssions frgmthese term nals using
the receiver spatial processing techni ques described
above. For the forward Iink, the nult}-antﬁrna base
[.0n _may obtai.n channel . estimtes far term nal s .
E S e Bl eeGE) (nahE e Subp dh Bk sares s ppriod by
thask hRe katoast ransm tter spatial processing for the
transm ssions sent to these term nals. For exanple,

149414 s Q-FPMA gnaymalpoples tieadniot improwe pexformsquat idaring handoff. A

‘ ' ' f.ol |l : t, =h*
%‘r&ﬁxt?tgs %'_ xgrg&/ Egiha%fédn&f? g}rongb%sae%éau?mngf\(?E%)é%igpeZ.) During handoff,
basg Isdtion)2 nmyaeckiveaa syafiaission fBan IemiindloAtEr m%&gds%ﬁpoverlap

d K i ol period nof tinme slot t ; an )
‘?Yﬁg Eﬁn?‘f#’a{l& %%1%%94 tqe &gt taFmainalB ommaticatisg migh basestation 2.

; . i nd k . .
Bl o0 AL TP i
fremntorminglsr A et Bal Bpseostatisi b orud intay MRE chedireointirifition (e.g.,

he.b station | s erformot her type of L
08038 SR R DD S S BB v i «
roadsk RRowR s 4P Rarldof®, loRpHSR s Sl ded REQY ?tlaﬁfoﬂésl' 4 2 may
zero-forcing beanformng and may forma beam for the
#lp¢ sendipsthosenpdt pilptsde termanal thie The sietwork ewyibre desiznedikich that the

e e DB R B TR S50 S8 St ne
anoklter- ant enna term nal may receive transnissions from
| pl ase stations. Each base station may transmt

[{E@iﬁig m‘?gwf&ﬁ pieisipaiabe pat ondhe forverdand wverse disks)tefhcilitate
Hank iEhdmal : eqsStation. . hop _patterns
o gl R AR L O s b A ok may
geng ortbbgomé pilvkdney givet bhs: statbatr. s Mufltigie tlﬁﬁdfnsiﬁﬁdmsniﬁﬁy also send
use recei.ver spatial processi .to separate out the

OEPIA! HIPE foh Sp sl .81 FNHing MEWG Mo hgosel milots may
sebehfitthd dhyldTeheSHIBR tanFRRLioR SEHR s BY¥scliBES RerbRS ©
stations. [00114] Q FDVA may al so be used to 1 nprove
performance during handoff. A termnal A may be handed
of f f4-okl-HROQ Exansmissiont o base station 2. During
handof f, base station 2 nmay receive a transm ssion
[09L¥6] t eThe rRFDMANswstdabangs einply Byid aBtomatic repeat request (H-

ARQ), which is also called incremental redundancy (IR) transmission. With H-ARQ, a

transmitter sends one or multiple transmissions for a data packet until the packet is
decoded correctly by the receiver or the maximum number of transmissions has been
sent. H-ARQ improves reliability for data transmission and supports rate adaptation for
packets in the presence of changes in channel conditions.

[00117] FIG. 13 shows an H-ARQ transmission. A transmitter processes (e.g.,
encodes and modulates) a data packet (Packet 1) and generates multiple (B) data blocks,
which may also be called frames or subpackets. Each data block may contain sufficient
information to allow the receiver to correctly decode the packet under favorable channel
conditions. The B data blocks contain different redundancy information for the packet.
Each data block may be sent in any number of time slots. For the example shown in

FIG. 13, each data block is sent in one time slot.



wi th the subbands assigned to another term nal B

communi cating with base station 2. Base station 2 may
W@enbosse ecei ver spatial processing to separ ap€T/UBm06/022728

transm ssions fromtermnals A and B. Base station 1

or 2 may al so conbine infornedjon (e.g., detected data

val ues) obtained by the two base stations for term nal

A, which is a process known as "softer handoff, to

LIR381 S e ism ettt R it blkol FRIoch oy e Raceay ! im time
Slet desitgneekipetGBedivatant o&ské@t(% o, Q{erﬂd?lﬁlafté%r%ﬂrd%cb&égy Block 1,

and/ or reverse link in different sectors
getemmygemthet Packshd isndscpdad. inf eodrl Bhd Gendsogy amgauvpl dchh@:vledgment

£ d . reverse li.nks, t
PRACOR, 63 EER OEIRLS, SR hEESP e Tod o o i
theaedomd dafadalﬁd«@lbctktm)-fbf P&ikent ih R0 Glot BRYHS @8iver recelves Block
rt hogon ilots to gi ven base station. Milti

Iple
JERC feét loris Trang Zari%ﬂg@ﬁﬁﬂl@? Parkgohis sti degededtin egror, and sends

ona
Byt s ol 4 o L0 Y NAR PR ORR B oy
swharey tilestr Fbe theheasipte skbwiHinARG Tlanﬁmt@mrﬁnter transmits data

FROLADb TR, B TS I, STRLOL RS, ST b

&, b ERBRL Block L 4 URRABE Y% fo%FPaLk e ParSie that MhE Ba F@’decoded
At

atransmtter sends one or e transm ssi
epreegtly, @dcﬂ@edo bavkidn AGK mauke‘slot §bd e"ﬁlnsd&ahsnﬁttexexetélyeshhe ACK

h ft sSsi ons
#ﬁetc ! :1élﬁ eg gﬁ 85#%%5)”1?% :[Iug{;g lfnbf}iled‘%glﬁnilggrfs g,oc%ngsathe next data
IbafchétS(thS&t DY erdEhnSMRP Bl datd B1béksFoRPIRE Pih SifflaPRSEEE S

in the esence of changes in channel conditions.
0881917 %Fﬂﬁ 33 thereigsa delayoARE timersatifestherA CWYNAK response for

eI R By ot R8T Bl ] g
mhbxples;)aohbﬂs Gh aneivitesllasel bﬁmml IR xB@PRS 18 trEttRRAGKEE transmit
contain sufficient information to

%%%f: *‘? tﬁlgoi?‘i gﬁliiflbgf%tt@ec%?tﬁ &ed pgothrr paeect im evq@awv@hered time slots.
MBahal BYPEARLE nEARRA e GRAGL BPS 10nEBCABKIRAE BhTkS

contain different ancy |n or ma
083t . FEGCH shatves todrsoiissivayofideotls 8K and ACKHI NB&T anoACK -based

h
B SHONE Bl TR SR bt S350 r ot s

dnidResitietl & the ARsMdeloT Ad¥gs.first data block (Block 1)
for Packet 1 intine slot 1. The receiver receives and

[P s s EEG( d4 showg dio RN atransmégsidnd dfon des ) traBmitierd 2 and b with
frequency hopping. Each transmitter may transmit a new packet starting in any time

._

slot. Each transmitter may also transmit any number of data blocks for each packet and
may transmit another packet upon receiving an ACK for the current packet. The
packets transmitted by each transmitter thus appear asynchronous with respect to the
packets transmitted by the other transmitters. With frequency hopping, each transmitter
transmits on a sequence of time-frequency blocks. Each transmitter may interfere with
other transmitters in a pseudo-random manner if these transmitters are assigned traffic
channels in different channel sets, as shown in FIG. 14. Multiple transmitters may also
interfere with one another in each time-frequency block if they are assigned the same

traffic channel (not shown in FIG. 14).



determ nes that Packet 1 is decoded in error, and

sends a negative acknow edgnent (NAK) to the .
wWoe@aasEzbé er in tine slot 2. The transmtter rRPCBHUSH96/022728

the NAK and transnits the second data bl ock (Bl ock 2)

for Packet 1 in tine slot 3. T§1e recei ver receives

Bl ock 2, processes Blocks 1 and 2, determnes that

Packet 1 is still decoded in error, and sends a NAK in

The bl ock t and NAK response
0TR2E e ieodier Aires 'BF gk SR EH o O TERG A Eansmitiers and
padwihsl Redelver spatiall BRodeSsils ot t&lkht flﬁl@sﬂ&&h%mf’jyatb?oc@ %ith block

X (Block x) for Packet 1|nt|rreso
ﬁﬂ@mlé%@w@m meelipledeanpmisters. x The prceives demodilatek andldecodes each

cket det.er ni,nes, t.hat, .t h acket
gecopg% %(81;1 %felccffa JS'%}PR et %%%‘Re%ﬁo 1?% EWI%SF%‘F received
Tdv that Paeketr &os sachipatkdt el iy 8ol B cAdstFNghe IRAR® &hfSnission for
%Pe transm asn on_of Packet 1. The transmtter

paskeidaay Re txminatedapnd hiadnietioreresius toztblatamket may be estimated

L LLL T A T —
blook(skugtd bprthathpack@KTRAK inesbrense chtihateanly be QSHfalned e.g., by
ion, .To ipprove channel wutilization,

el 2R %“?‘éf“"?’rﬁvﬂigrfgg?ﬁ?lfﬁ ARG 90 TPaRICE ST Plﬁn%by the transmitter
i ey §

1 0L Tk i g e ok UPAY ) O M.

BRYVeamay aetferm reseiver Sp&ﬂﬁhb@p@smgl omﬂlsllntbﬁ’erehlmf ealt:b\ladll symbols

RO TR SRS A M ARETR A0 RPBE e g o a

bl béifsatentdr Asdtets tﬁﬂfar@ﬂbcﬁ@éﬁ RasrA afe Hﬁﬁ%ﬂtt@([‘otﬁﬂé shﬁle time-
ent On{%’éﬁ a_packet is decoded correctly, and

?‘B‘eﬁﬁf axthg orsstilinderoggd Ph@ietﬁos%@a@ketmsded 1n error and
f.or
obing L et A R R B T BRIE ATMENS BiB0pih any comectly

tﬂecadu@pztcﬂcetr mﬂ;i)l)etdeﬁmdniatedaarﬂawwm&tse@ foardlll da kyinbdlYestimates
t Each transmtter may also transmt any

%’ﬁ%@ data bl ocks for each packet and may transmt

anot her packet upon receiving an ACK for the current

packes,. T‘Eﬁﬁsﬁﬂﬁtphﬁdtltmmrtted by each transmtter

t hus appear asyncnhronous wth respect to the packets

m d 4By, t rans tter e y
@g%ﬁngﬁgacg p ?ggs?% ?rl rﬁalngmﬁcﬁ ﬁvlé @e % data and
pilotpréoeespu d 00y, bh efidmler Eamﬁrdcél&%ffhiﬂcedatd'f%ﬁcd)d&% %ﬁélf—‘&ﬁa packet

nsmitters in a pseudo-random nanner

‘i!‘ﬁ%‘g%‘? %Eg{x@tsnrs PheBRe 0RO epled Derleetiand Romitione eacl wded packet
idtd AR dRLBNREL, %ﬁt fiterRives 1314 ihtBri&hvG of ford LA &ta block

transmtters may al so
based on an interleaving scheme. A symbol mapper 1516 maps the interleaved bits in

each data block to data symbols based on a modulation scheme. A pilot generator 1520
generates pilot symbols, e.g., based on a polyphase sequence. A TDM/CDM unit 1522
multiplexes the data symbols with the pilot symbols using TDM (e.g., as shown in FIG.
5 or 7) or CDM (e.g., as shown in FIG. 6). The data and pilot symbols may also be
multiplexed after the SC-FDMA modulation.

[00124] Within controller/processor 140m, an FH generator 1542 determines the set
of subbands to use for transmission in each time slot, e.g., based on a hop pattern
assigned to transmitter 110m. For distributed and localized pilots, controllet/processor

140m also determines the subset of subbands to use for pilot transmission. For



interfere with one another in each tinme-frequency
block if they are assigned the sane traffic channel

W@ e@b/134206n in FI G 14).[00122] The recei ver rRCEUSHS6/022728
the bl ock transm ssions fromthe transmtters and
performs receiver spatial prqgfssing for each
ti me-frequency block with block transm ssions from
multiple transmtters. The recle: vgr dem)ggl Iat est _andt

codes, each cket .based on a ata synpol estimates

R 0 RareoB B ahE ePimselb i Shaiel sk oo esened the
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nmbol s, e.g., based on a pol yphase sequence. A _
C%Rﬁ ; P@ﬁ?etg mpsto Bk #) i for éﬁ@égfl b@ddmdagmy rebas) 8s vesctibed above.

it Qt s using, T ., _as sh in FIG 5.
il pB TBR! BrovRded i i Fiftemeiioss orthe Batobbands in cach
timé gibt. synbol s may al so be
[00127] K subband spatial processors 1632a through 1632k obtain received data
values for subbands 1 through K, respectively, from demultiplexers 1620a through

1620r. Each subband spatial processor 1632 also receives the spatial filter matrix for its
subband, performs receiver spatial processing on the received data values with the
spatial filter matrix, and provides detected data values. For each symbol period, K
spatial processors 1632a through 1632k provide K vectors of detected data values for
the K subbands to a demultiplexer (Demux) 1636. Demultiplexer 1636 maps the
detected data values for each transmitter onto detected SC-FDMA symbols. A detected
SC-FDMA symbol for a given transmitter m is an SC-FDMA symbol that is obtained by



mul ti pl exed after the SC- FDVA nodul ati on. [00124]
Wthin controller/processor 140m an FH generator 1542

waoledoensiznes t he set of subbands to use for traPCHUSENEOMN2728

in each tinme slot, e.g., based on a hop pattern
assigned to transmtter HOmM r distributed and

| ocalized pilots, controller/processor 140m al so
deternm nes the subset of subbands to use for pilot

i,8si on. . F le, .the t itters assigned )
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[00131] For a software implementation, the 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 142 or
182 in FIG. 1) and executed by a processor (e.g., controller 140 or 180). The memory
unit may be implemented within the processor or external to the processor.

[00132] Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout

the entire specification.



val ues for subbands 1 through K, respectively, from
denul ti pl exers 1620a t hrough 1620r. Each subband

WG p@bi138209r ocessor 1632 al so recei ves the spatP@l/US2006/022728
filter matrix for its subband, perforns receiver

spatial processing on the recgived data values with

the spatial filter matrix, and provides detected data

val ues. For each synbol period, K spati al processors

OFEl. ' Aip phsiaoti esmlpuins! B U5 ensa cropgiears o BB o cnable
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for each transmtter onto detected SC y S.
medx@sais«zﬂrem@pdmmmsf will be rpadidn appaaerd o thase skalled in the art,

a C- FDNVA s s obt ai ped cei.ver 150. fo )
B EPIRS A EIeS ARed heming Pe Paled TP PN EmEoBpiGls without
déi fdR1tBe SHAPLLEEPE ofitle IventiRC ETMRY seaik
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G3he bRt VB BRAPERNRAE HSrortis M b,
WHARISCLAERVIED IS: | FDMA, demappi ng of the synbol s
fromthe assigned subbands, and so on. SC FDVA
denodul ator 170 al so maps the data synbol estinates
for the Mtransnmitters onto M streans based on the
traffic channels assigned to these transmtters. An FH
generator 1642 determ nes the subbands used by each
transmtter based on the hop pattern assigned to that
transmtter. [00129] RX data processor 172 synbo
demaps, deinterleaves, and decodes the data symnbo
estimates for each transmtter and provides the
decoded data as well as the decoding status for each
decoded packet. Controller 180 may generate ACKs
and/ or NAKs based on the decoding status and nmay send
the ACKs and/or NAKs back to the transmitters to
control the transm ssion of data bl ocks for H ARQ
[00130] The techni ques descri bed herein may be

i mpl ement ed by vari ous neans. For exanple, these
techni ques may be inplenented in hardware, software,
or a conbination thereof. For a hardware

i mpl enentation, the processing units used to perform
pil ot transm ssion, channel estimation, receiver
spatial processing, and so on may be inplenented

Wi thin one or nore application specific integrated
circuits (ASICs), digital signal processors (DSPs),

di gital signal processing devices (DSPDs),
programmabl e | ogi ¢ devices (PLDs), field programmabl e
gate arrays (FPGAs), processors, controllers,




m cro-controllers, mcroprocessors, electronic
devi ces, other electronic units designed to perform
WO b@of188204 | ons descri bed herein, or a conbi nat PONUS2006/022728
thereof. [00131] For a software inplenentation, the
techni ques may be inplenentegy,w th nodules (e.qg.,
procedures, functions, and so on) that performthe
functions described herein. The software codes may be
stored in a nenory unit (e.g., nmenory unit 142 or 182
in FIG 1) and executed by a processor (e.gqg.
controller 140 or 180). Thﬂgﬂfﬂﬂﬁy unit may be
i mpl emented within the processor or external to the
processor. [00132] Headings are included herein for
reference and to aid in |ocating certain sections.
Thesd. headhh@gm&mﬁ<W@HWWHE€nded tolimt the scope of

t he concen ts descr e
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of thﬁﬂbﬁ&%”@duﬁfédﬂ mgégg)rpr esent invention is not
intended to be'limted to the enbodi nents shown herein

but is to be accor ded the wi dest scope consistent with

the p{l nC' | es an%ub% G e?t Sl hRe %é%scﬁdsdb%ﬁﬁds comprises N

appara us conpri si ng:
@b@iﬂﬂé %ﬁﬁ’@ﬁnl@pﬁs’tﬁb&t&@ aér@ssge m@taladubb mds;ewhmmethe fulped aftsubbands
synbols, to determne a_set of subb sel egted ,from

eomntenP ﬂublaemds ﬂwfog’élb/sdl%fl weh BerRe e, sHgaB g vherein K, N
%MH§§£I8£%§y ahgngse for pilot transm ssion, and

0 ‘generate S|n e-carrier frequency division
nmul ti pl e access (SC— FDMA) synmbol with the sequence of
pi | ot synb?Is sent on subba

t he sibset flngl Z,e\ivéeg?léld:{'l? p%esg%}? pgfa“:t‘ﬁvg 5% lgenerate
&Y‘@b&l{%§&f ﬁeéﬂfen%#' BRaaes n{u@t'iﬂ’[@ Aoddsé (IFDMAS Gﬁm@cﬁl W1th the sequence

a nmenory coupled to the processor.
dﬁmlwpﬁabdsa@toﬁtMWbmthsu’ab@n@ n the set of subbands
conprises N subbands uniformy distributed across K
total subbands, wherein the subset of subbands

4. The apparatus of claim 1, wherein the set of subbands comprises N
adjacent subbands among K total subbands, wherein the subset of subbands comprises P
subbands uniformly distributed across the N adjacent subbands, and wherein K, N and P

are integers greater than one.

5. The apparatus of claim 4, wherein the processor is operative to generate
a localized frequency division multiple access (LFDMA) symbol with the sequence of
pilot symbols sent on the subset of subbands.

6. The apparatus of claim 1, wherein the set of subbands comprises N

subbands uniformly distributed across K total subbands, wherein the subset of subbands



conprises P subbands uniformy distributed across the

N subbands, and wherein K, N and P are integers
w@re@at138206 han one. 3. The apparatus of clai m 2PCTMIB2066/622728

the processor is operative to generate an interl eaved

frequency division nultiple agcess (I FDVA) synbol with

t he sequence of pilot synbols sent on the subset of

subbands. 4. The apparatus of claim1l, wherein the set

of subbands conpri ses N adj ace subbands .anpn

FPaIses ﬁaa%?agf?"?w@g@% 8 @%@@ggﬁ%ﬁma&ﬁ?%n& N and P are
-ﬁ&gg[ri Egerfth ands uniformy distributed across the

1N jS cenefr subbands, and wherein K, N and P are

i ntegers greater than one. 5. The apparatus of claim

4, rei n.the processor. | er.at,j t eral.e:

Cbomn T oo TIOBRER S 0fet TR BBl enere
Y Heleavéd ﬂe(gﬂ:ﬁcﬁ aR4eHE thuliple abdebs EY DDA sarbdl with tHeesequence
subset of subbands. 6. The apparatus of claim1,

efindloé pymbHesent on die et afeibbaidfor i ses N subbands

uniformy distributed across K total subbands, wherein

t he subset of subbandsconprises P consecutive subbands
anong8.t he The uphamds of ataimwib e méiereik theNsetnolf Butdards comprises N
integers_greater than one. 7. The .apparatus_.of .claim .
@%laqmw@bﬁlqsr?@%é%&@éﬁbbaéldw@rea%m@ge% s oh Syulnds Gpmprises P
' f bbhids? | RC&@ lj % greater
B B e N e he &
tabeet. of subbands. 8. The apparatus of claim1l,

wherein the set of subbands conprises N adjacent

subbands anong K total subbands, wherein the subset of
subbagds CcORPEHFEefuLoPERRE 8NvhedRRB gsocREmRNEs bpteatiVe to generate

subbands, and wherein K, N and P are integers qgreater

o henalizeselreqienay divisipmputinde a¢cesy dilfRMA) wapeal Wgﬁhﬁl@ sequence of
Cessof. i [ ME rate a |l ocalized

5‘?%&&’%%895 S ‘?tv"?‘guﬁ%g‘mﬁé‘i %ffsgvfgﬁﬁgéc ess (LFDMA) synbol with

the sequence of pilot synbols sent on the subset of

subbands. 10. The app rgtus of claink

1, V\,h?reti)n ghe ses N
set of0subBBndePEasiseain s THISEHR NG sPlelt &Y Gangsycomprises
&%ﬁﬂdé&&@%@& rﬁgﬁb%%g F‘Ntb%leéd%bm, sRsah Mt sybadsubbands
conprises P subbands e N

ected fromanong the .
sothprsed P, subbandsheeleeiad fKomNnzong the N subbands, and wherein K, N and P

are integers greater than one.

11.  The apparatus of claim 10, wherein the processor is operative to replicate
the sequence of pilot symbols a plurality of times to generate an extended sequence with
K pilot symbols, to apply a phase ramp to obtain a frequency-translated sequence, and
to append a cyclic prefix to the frequency-translated sequence to generate an interleaved

frequency division multiple access IFDMA) symbol.

12.  The apparatus of claim 10, wherein the processor is operative to perform
a discrete Fourier transform (DFT) on the sequence of pilot symbols to obtain
frequency-domain values, to map the frequency-domain values onto the subbands in the
subset, to map zero values onto remaining ones of the K total subbands, to perform an
inverse discrete Fourier transform (IDFT) on the frequency-domain values and the zero

values to obtain a sequence of time-domain output samples, and to append a cyclic



are integers greater than one. 11. The apparatus of
claim 10 wherein the processor is operative to
WO epbilzaade t he sequence of pilot synbols a pl upel/Us3006622728
tinmes to generate an extended sequence with K pil ot
synbols, to apply a phase ramg to obtain a
frequency-transl ated sequencé;, and to append a cyclic
prefix to the frequency-translated sequence to

geperate an |nterleaved frequency di vj S|on nul tiple
Hjeede e Fispigneg qiptme-dp zlamrﬁ&tpaﬁﬁ les sfoggerieralg ﬁ#elé",C-FDMA
%ﬁﬁ%@ln t he processor is operative to perform a

Iscrete Fourier transform (DFT) on the sequence of

pilot synbols to obtaln frequency domai n val ues, to

map the frf&¥enc g@ln v es ot o t he subbandz t
the subset a‘()’a er%‘Ht ° PRNEPHT BPPEHES® 6‘? generate
dEsYinbals,ab bR Seast @n@scfmmpagymm G5 theake £@hd1s, and to
Fouri er transforn1(IDFT) on the frequency-domain

f’mﬁ disdsiommuitipdex, GV ha as deasborspd G MAswEbeh s tbfr data symbols

I o append a
|cprepﬁ%g%gg¥h%%gg§ é%%s I%IHE domai n out put
sanples to generate the SC-FDNA synbol . 13. The

apparatus of claim1l1, wherein the processor
oper atd-ve Thy pmeriug & dammls lmsewﬁe P@cae%}saqp&ra&ve to generate

t t
e e
envelopt iif the tinkeed whatia amy afflet speviiral esphaseSa-FETfilqueyesbddmain.

for the pilot synbols. 14. The apparatus of claiml,
wherein the processor is operative to generate the

sequefg:e OfhigpafatsydTRis 1D KERELIPtheDrotsitk ia§rative to determine
sequence haV|ng a constant envelope'in the tinme domain

féiﬂ‘dreat satnef whbands dor difsisohidme slotxtreed ooy feqespcr bapning pattern.
15. The apparatus of claim 1, wherein the processor is
operative to determne different sets of subbands for

di ffer@nt Thegpkatsobelarg 10Whareld eguenoy siishapdniy used for pilot

gattern 16. The apparatus of claiml1l, wherein the set
qnsggg%mp@p@psté@smerﬁ, | ot transm ssion by nultiple
transmtters. 17. The apparatus of claim 16, wherein

the multiple transmtters are multiple wreless

devi c¥Es, afbk spparansoftdi@mI®, ﬁmimﬂwhnﬂﬂti'pte toansinattposhare multiple

east one other. S ener at by. at
Rats e, g e SCIRMAS el if Pl eonal to 3 i3St one other
e MAUS ol é@rﬁédlﬁy aﬁ’!@%’i BhdlothBewFblbds v Re for pilot.
transmtters are nultiple
18.  The apparatus of claim 16, wherein the multiple transmitters are multiple
base stations, and wherein the SC-FDMA symbol is orthogonal to at least one other SC-
FDMA symbol generated by at least one other base station for pilot.

19.  The apparatus of claim 1, wherein the subset of subbands is used for pilot

transmission and the set of subbands is used for data transmission.

20.  The apparatus of claim 1, wherein the multiple sets of subbands are used

by multiple groups of transmitters for pilot transmission.



base stations, and wherein the SC FDVA synbol is

orthogonal to at |east one other SCFDVA synbol
w@emenag2esd by at | east one ot her base stati on POF/US2006/022728

pilot. 19. The apparatus of claim1l1, wherein the

subset of subbands is used f pilot transm ssion and

the set of subbands is used for data transm ssion. 20.

The apparatus of claiml, wherein the nultiple sets of

subbands are used by ltiple groups, of transmtters .

for pltot Fheappparal ofnclam Ffv‘l’ W@g’ﬁfi’pgﬁg‘?gﬁ’gawl QF Afefrqusmitted by

ShRidls B &iROQANALIOP! b FirB6S debHkM { ted by
ransmtters in different sectors of a wireless
network. 22. A nmethod conprising: generating a

sequence of pilot synbols; determning a set of
subbarfds s‘él"geé]?‘é{f B *%nong at | east two sets of

subbaqgsratideh EqienENGF Filot Hafikdls;0of subbands to use for
pilot” transm ssion, wherein the subset of subbands is

sel ecdasetnfiniogn arseh @f agubbangst selepteds fiogetange dubeshdyo sets of
f%hmedd_ with the set of subbands; and generating a
Y "éq & carrier frequency division nultiple access
( SC- Fidmisdigho kubset bf tshisbands|ue mee fof pilot trtnsmyisdiad, swherein the

sent on the subset of subbands., 23. The net hod. of .
ibsgtipl subbapfeisspiecief dogkaaeng figpst W 5?159&8@1‘?%‘6% formed with
&qufdf%ﬁ%a%%‘%ﬂ“ ng a localized frequency division

mul T

pl'e accéss (LFDMA) symbol with the sequence of
pi | ot gewrdtingSa semgle-oarrich diresubsgt dbfisigubbualtidls. aceess The-FDMA)

nmet hod .of  claim 22, erei.n.the geperafi t - FDVA
itk pesERCeis e ot i BB bl sty
di vision multiple access (I FDVA) synmbol with the
sequence of pilot synmbols sent on the subset of
subba®dls. Tbe mEHwdmitdiim 23, vdieseimtlrpgengrasingi the SeFDMA symbol
?enersati ng the SC- FDVA synbol conprises replicating
WeP&uence of pilot synbols a plurality of tines to
gener géramgex iedulieed Sequanryedivision Hupipl®tacspsfDFBMA) symbol

with the sequence of pilot symbols sent on the subset of subbands.

24.  The method of claim 22, wherein the generating the SC-FDMA symbol
comprises
generating an interleaved frequency division multiple access (IFDMA) symbol

with the sequence of pilot symbols sent on the subset of subbands.

25.  The method of claim 22, wherein the generating the SC-FDMA symbol
comprises

replicating the sequence of pilot symbols a plurality of times to generate an
extended sequence with K pilot symbols,

applying a phase ramp to obtain a frequency-translated sequence, and

appending a cyclic prefix to the frequency-translated sequence to generate an

interleaved frequency division multiple access (IFDMA) symbol.

26.  The method of claim 22, wherein the generating the SC-FDMA symbol

comprises



appl ying a phase ranp to obtain a frequency-transl ated
sequence, and appending a cyclic prefix to the

wo p@guss2ee -t r ansl at ed sequence to generate an PCT/US2006/022728
i nterl eaved frequency division nultiple access (| FDVA)
synbol . 26. The net hod of C|?Eﬁ122, wherein the
generating the SC FDVA synbol " conpri sesperform ng a
di screte Fourier transform (DFT) on the sequence of

pil ot synbols to obtain frequency-domai n val ues, _ .
map piReEormagta dsmels Spuaerizns oy D) oRitbe semeniginiags symbols

] . NRJ zero val ues onto renmi ning ones
tg?bﬁaﬁgﬁ%{{égi?%flo@%@aan g’, perform ng an inverse

di scrmippingihe ifequéncagrphmimvaltdsfono the stbtends in the subset,
frequencydomai n val ues and the zerg vagl ue obtain a
sequeR¥WIRG 2q9 HRUEHMRIP HPrRAIRipE Pn%%‘ﬁtﬁh%?, to@i ﬁfltbgﬁ]b(ggn di ng

a CYCldforMing b ihRerdd) QisSREY PBETer OfrarlskdtBr gﬂfﬂ?ﬂoﬁ’ Yhé Ytequency-
sanpl’es to generate the SC- FDVA synbol . 27. )

doppan stluss awinthe zeongluestaalbtainoy seguense of fimg-¢oneainy guipysamples,
of, pilot synbols; neans for determning a set of

a§‘l(}bbands sel ected from anong at | east two sets of
subbagsndin® ansycliorpreet €6 Mhd)bdtfierceSoib ftle-ddnasi bhepad Samples to
to use for pilot transm ssion, wherein the subset of
genpistatbie SCsFIaMAegxrelplf r om anong at | east two subsets

of subbands formed with the set of subbands; and neans

for generating a single-carrier frequency division

mul tigl. e aAgepgarithCedMisisynbol with the sequence of

pil ot synmbols sent on the subset of subbands. 28. The
appar RS 0% SOEHIRE 2 FqUFRES %ﬁpmﬁ’@ ﬁgn‘ﬁ‘gﬁ’n s for

gener gtiRGol MernfiiillB ssiySMabbmAT B LRSS rERAMTorieQh least two sets of
generating a localiZed frequency division nmultiple

subbasls; (LFDMA) synbol with the sequence of pil ot

synbol s sept on the subs f .subbands. 29. .The. . .
S paraes B Seiig  aitwLios PRESEsies ife,fok Bilot transmission,
SR&.MALE BEbsther sabb4AM0 iSyedeedd BEHRMIoRE it least two subsets of subbands

formed with the set of subbands; and

means for generating a single-carrier frequency division multiple access (SC-

FDMA) symbol with the sequence of pilot symbols sent on the subset of subbands.

28.  The apparatus of claim 27, wherein the means for generating the SC-
FDMA symbol comprises
means for generating a localized frequency division multiple access (LFDMA)

symbol with the sequence of pilot symbols sent on the subset of subbands.

29. The apparatus of claim 27, wherein the means for generating the SC-
FDMA symbol comprises
generating an interleaved frequency division multiple access (IFDMA) symbol

with the sequence of pilot symbols sent on the subset of subbands.

30.  The apparatus of claim 27, wherein the means for generating the SC-
FDMA symbol comprises



generating an interleaved frequency division nmultiple
access (I FDVA) synbol with the sequence of pil ot

W@ tbabR06ent on the subset of subbands. 30. TPET/US2006/022728
apparatus of claim 27, wherein the neans for
generating the SCFDVA synbol g?n'pri sesneans for
replicating the sequence of piTot synbols a plurality
of tines to generate an extended sequence with K pil ot

synbol s ns for.applying a phase ranp to obtain a
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wher ei ns.for generati.ng the SCFDVA synbo
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mappi hg the

obtai n frequency-domai n val ues, neans for
frequency-donmai n val ues onto the subbands in the

subset; ne i ze+ o wyalues ont o remaini

ones oF etk PRafR R O 2. e e EF BriRepith the SC-
FPMA spmbiolsongtrisedour i er transform (1 DFT) on the

frequenc -gomaif val ues and the zero values to obtain

a seqlEATE BPHIORBMEHEissret £ purier seansfose, (IR e dhessequence of

6t sHRPEIRA BBtath £¥dilehCy-B6R%] the sequence of
?i me- domai n omjlt putcﬁlgaﬁypl es 1th)(§’afgugls'ier ate the SC- FDVA

sy nbomeas foramanpipgr the ubequengrdanaig: vaugsr oweshersubbands in the
%ﬁg&ative to generate a sequence of pilot synbols, to
etefm ne a set of subbands sel ected from anong at

| east mieus ﬁﬁhﬁ?ﬂhg gedbANRs onfo&e&ﬁﬁﬁ{gtats s 8f the K total subbands
singl ecarrier trequency division nmultiple access ’

( SC- FBRRYs &rnpgforpiing, anriaverse) whssedte dfoupiet dtansfpriholBFT) on the

] . S f a , dtonultiplex the,. . .
BNttt Pl oS BRRAS GRS sl b Reskinte of sipe-comain
outpetodmpttsyarsl on mul tiplexing (CDM; and a nenory
coupl ed to.the gr cessor,. 33. The apparatus of claim
32, WHET for ame Iﬁﬂ%@)% é‘s%ﬂwi@e@bé? 4h¢ yequegce of time-domain output

samples to generate the SC-FDMA symbol.

32.  Anapparatus comprising:

a processor operative to generate a sequence of pilot symbols, to determine a set
of subbands selected from among at least two sets of subbands, to generate a single-
carrier frequency division multiple access (SC-FDMA) symbol with the sequence of
pilot symbols sent on the set of subbands, and to multiplex the SC-FDMA symbol using
time division multiplexing (TDM) or code division multiplexing (CDM); and

a memory coupled to the processor.

33.  The apparatus of claim 32, wherein the processor is operative to
multiplex the SC-FDMA symbol onto a symbol period designated for pilot transmission
and to transmit no data or pilot in at least one symbol period used for pilot transmission

by at least one other transmitter.



mul ti pl ex the SC- FDVA synbol onto a synbol period

designated for pilot transm ssion and to transmt no
waolai0a/18820¢i | ot in at | east one synbol period uBETUBZING6/022728

pilot transm ssion by at | east one other

transmtter.34. The apparat us4§f claim 32, wherein the

processor is operative to generate at |east two scal ed

SC- FDVA synbol s based on the SC— FDVA synbol and an

ort ho gnal ode a%B | ex the at |east two
scal ed"SC E%ﬁ/ﬂp dP CIBW hqr@%l?e RI%ESW#BQP‘?T&UVC to generate
aﬁﬂéa@ﬂfﬁwdeﬁﬂaﬁaﬁaS@q?]jMA !yxh%lstwaé&is GnS OFC%@%\ ls6@851 and an

two transmtters. 35. The apparatus o
fFtbogomal eode @ﬁo@e@gbxplmﬂwmed@ast teo scalgk REFED A aymbols onto at

rate a a ne SC- nbol for
TEEGo Ry BENG 8 Tged (67 Po HPBssbon by of ks ivg pgnsmittrs.
SC- FDVA synbol for the data synbols with the SC FDVA
synbol _for ghe pil ot synbols. 36. A method conprising:
gener ati ng THe a@rpang ef @einp33, sthessinthsl mrocaderds nperating ta generate
b I
O o e P AET Onb SRTEPTEN Suitbol BF s iR sgibSts. and to
iultindexothernd leasipore: S@MA(@&%DM%)ths mb@mwsmvfﬂhﬁle SC-FDMA
@ﬁ%’ ce, of |Iotbpﬁynbol s sent on the set of subbands;
rttpﬁplé e SC- FDMA synbol using time
di vision mul ti pI exing (TDM or code division
nultlgl exing (CDM. 37. The nethod of clai m 36,
wher ef® t h& methed pdmaprising:t he SC- FDMA synbol conpri ses

gener | east t caI SC- FDVA synbol s based
on th Eh%ﬁ%l@l& ueﬁ]ﬁ%f’%ﬁ}] 1t hogonal code, and

mJI t i gdterniinipgt iﬂeseﬁtof' ﬁﬁ)‘bbndsV\@d&&é’d %@%@%ﬁfaﬁﬁéﬁplt@o sets of
g Et | east two synbol periods designate Il
ssion by at least two transmtters. 38. An

a]E) par ?én\éﬁauﬁ%b@ réll’?él@ BarridF u%ri)({ye Efri]sﬁ{)rﬁ tdllﬂgigg%t S«‘d:g R 8-FDMA)

ot sy neans fo
mﬂmm@ th@keelublm dfipiior symabols eht dre@s ket oPBUBIRNEs; @hd

subban
ﬁ1plex1ng the SC-FDMA symbol using time division multiplexing (TDM) or

code division multiplexing (CDM).

37.  The method of claim 36, wherein the multiplexing the SC-FDMA

symbol comprises

generating at least two scaled SC-FDMA symbols based on the SC-FDMA
symbol and an orthogonal code, and

multiplexing the at least two scaled SC-FDMA symbols onto at least two symbol

periods designated for pilot transmission by at least two transmitters.

38.  Anapparatus comprising:

means for generating a sequence of pilot symbols;

means for determining a set of subbands selected from among at least two sets of
subbands;

means for generating a single-carrier frequency division multiple access (SC-

FDMA) symbol with the sequence of pilot symbols sent on the set of subbands; and



means for generating a single-carrier frequency

division nmultiple access (SCFDVA) synbol with the
wGQe@aass2es of pil ot synbols sent on the set of BUbbsWA&922728
andnmeans for nultiplexing the SC FDVA synmbol using

tinme division nultiplexing (F@M or code division
multiplexing (CDM. 39. The apparatus of clai m 38,

wherein the nmeans for nmultiplexing the SCFDVA synbol

oD B8 AT S R E B Sk SRR motiong

ﬁqmp&mbdﬁfiﬁ@nnﬁﬁﬁalﬁﬁﬁ@ o, nul ti pl exing the at

east two scal ed SC-FDVA synbols onto at | east two
synbol periods designated for pilot transm ssion by at

| east,d wo A 0O,
or oceSsor B ot a5 A ABR kG RRE U B The sC-
HyModysnbdl co@prisssat e at | east one pilot single-carrier
frequency d| vision multi acces SC- FDVA)
for tReAnsifPoLeensyAng & 1 easg ) éc‘gzpi’féa%ﬂnh?iﬁeb*ﬁs@ gqu the SC-
B 90®hn E8Ko %toﬂgl%gé, gynbol s, and to multiplex
ot -

the at” | east one pi syrrbol with the at
| eastmeans foamaltpCRiMhe\atimkt tvot swalkd tSCGEDMAtsymbeld dnjo at least

t | t t f dat t .
loEpLasriis doterded boEhlnl GorbisBe Biateos g ransmittes.
first synmbol duration and each data SC- FDVA synbol has

a second duration that is different fromthe first
synmbot0. durétlﬂmﬂfatamprapmﬁjry coupl ed to the

oo s AL R AR o

Ieysront pﬂw sﬁiglﬁﬂaméﬁﬁedﬁimcﬁ@@ﬁi@i maltple RcadsBEEDMA) symbol for
wherein t Oi% processor js operative tg/é[gener ate at

the pylpt qw 10 sencpte ak e@éonmaé%la syshe! fghtherfgtagymbols,

36 ei?‘tlll At 1%5%1@?2?1)%‘1 i X QLS é‘f@%&%ta SC-
E@M)’o Isymbmlt ontata tim@sdlott mdsl;mh!o]eaqletnﬁoodmsdéttérg rfat data and pilot
for ilot transm si n. The a ratus .of claim.40,.

sioty ey Cegugnos SCohR rBSdt i frpissDphuigtion and
éa%ﬁséatap Se-POMA sﬁgbg% aydEbald ﬁﬂltaﬁoﬂtthéteﬁsdlff@féﬁt from the first
synbol period deSignated for pilot transm ssion and t

syobol duratioi;tandat a or pilot in at |east one ot hersyrrbol
period_use for ({()i ?ﬁepro essgp ssion by remai ning ones

of t ™5t ofeR?

41.  The apparatus of claim 40, wherein the first symbol duration 1s shorter
than the second symbol duration.

42.  The apparatus of claim 40, wherein the processor is operative to generate
at least two scaled pilot SC-FDMA symbols based on the at least one pilot SC-FDMA
symbol and an orthogonal code and to multiplex the at least two scaled pilot SC-FDMA
symbols onto at least two symbol periods designated for pilot transmission.

43.  The apparatus of claim 40, wherein the processor is operative to
multiplex the at least one pilot SC-FDMA symbol onto at least one symbol period

designated for pilot transmission and to not transmit data or pilot in at least one other



transmtters. 44. The apparatus of claim40, wherein
the processor is operative to determne a set of

WG iwbasstss sel ect ed from anong at | east two setBCD1S2006/022728
subbands, to determ ne a subset of subbands to use for
pilot transm ssion, wherein yge subset of subbands is
sel ected from anong at | east two subsets of subbands
formed with the set of subbands, and to generate the

at .l east. one pid ot .SC-FDVA symol wit.h. the pil

ol patiof el fof InioG HaSRRisHPh i BPRIGInE RGeS 0t g fosst tvo
1eeRttezd. NY: generating pilot synbols and data synbol s;
generating at | east one pilot single-carrier frequency

di vision nmultiple access (SC-FDVA) synbol for the

pi |l ot, sy | s, each pi . SC [ .
fir st‘@y%e %ﬁaggl %n‘%fl gfeaﬁgr %@%‘3’%{1{%%54} 8‘&(%33%90% 8perat1ve to
dfermidAa spo lsubandé Belectad dody AhmIG , at dewh tdatsatsSEF hlblhnds, to

synmbol havjng a second duratjon_that is different from
qdefamane §t5“§sfg‘t9<§ |subbangs jte pise fay PHA EARSIHSSITY Whrgegthe subset of

yEPEMSH Bl o aio A RUTAR, Ml drdifng Rl 38, the sctof

dubbarids A asdritd tgenerafeothedatt kagtnaheppllatt SCrEDNIA sgmbol. witB. the pilot

Th thod of clajm4 erein the nmultiplexing the

%Qn%ogeasgpt% eﬁﬁq;sgw%%gb% synbol with the at |east

one data SC- FDVA synbol conprises generating at | east

two scal ed pilot SC-FDMA synbols based on the at |east

one pti.ot Aoetimdcosyprisiig: and an ort hogonal code, and

mul ti pl exi.n e _at. | east [ ed pil ot SC FDVA

syrrboé)eggroa!rqjgpg{)]tﬁ alljgts atn\a(?a{sayl%lo%ﬁﬁperi ods desi gnat ed

for pidnefatithg a0 I6ds6 9he Pilot dinglrcadixprafi @fudticyC AiviNids nfidtiple access

neans_for generating, pilot synbgls_and data synbaols; .

(PEaRRM A syghod for: the gilak symeheds earhepint XS FRMA sumbal having a first
“‘ﬁﬁ%m?“ vision rmultiple access (SC FDVA) synbol

or the pil’ot synbols, each pilot SC FDVA synbol
havi ngenarating st leaytndoe! datiu BEEFIOMEA symbol for the data symbols, each data

SC-FDMA symbol having a second duration that is different from the first symbol

duration; and
multiplexing the at least one pilot SC-FDMA symbol with the at least one data
SC-FDMA symbol onto a time slot used by at least two transmitters for data and pilot

transmission.

46.  The method of claim 45, wherein the multiplexing the at least one pilot
SC-FDMA symbol with the at least one data SC-FDMA symbol comprises

generating at least two scaled pilot SC-FDMA symbols based on the at least one
pilot SC-FDMA symbol and an orthogonal code, and

multiplexing the at least two scaled pilot SC-FDMA symbols onto at least two

symbol periods designated for pilot transmission.

47.  An apparatus comprising:
means for generating pilot symbols and data symbols;



means for generating at | east one data SC-FDVA synbol

for the data synbols, each data SC-FDVA synbol havi ng
w@2@eass2de duration that is different fromthe PCT/EB2006/022728

synbol duration; and nmeans for nultiplexing the at

| east one pil ot SC FDVA syn‘ogl3 with the at | east one

data SC-FDVA synbol onto a tine slot used by at |east

two transmtters for data and pilot transm ssion. 48.

The apparatus of claim47, wgerei t he, ngans for,. .. .

mul t iTPFAER foTEenATRting a1 keast ohg RHOL R e-cAFCEBRAVEG K ijision multiple

~ T 1
A B o B B P M Ao pievine
sfimsboindbobdsmtomn t he at | east one pil ot SC FDVA synbol

| Sl oS St 2pids oS R AT 5 tyf Gt mbots
daB@Yhtal SY@—FMZslgnﬂ%ln heeihg desecanplgetid0thapid @ifferent from the first

transmn ssion. . apparatus conprising: at |east
ymbot dwetiesandni t operative to receive at |east one

single-carrier.freque Lyl S tH .
SR AP AEE K £ B oL IR BT o vt
drlcadig TS CLFDMNIA §mstssl dney & hiagosied uspd Ibgtas leastitwo transmitters for data
non-orthogaonal data transm ssions; and a processor

Bt ramsniigsik ocess the at | east one SC- FDVA synbol

to obtain channel estimates for the at |east two
transmtters. 50. The apparatus of claim49, wherein

t he a48.| edElic spymrdtusns olairh e¥7s wheenis thd mehes forthalgoleaing the at

Bk SRR HOE S Be LR it B Ry T 881 sy
Sin¥drikon nul tiplexing (1 FDM, localized frequency

division nmultiplexing (LFDM, or a conbination
t her ewpansait goneaativigrat denst roscledarilot SCollaM syrabels based on the

rformd j i f th |, pi4d ots
BiciR O BT PV o nd B oBoRRIOARE B O e
apparakatss fof nflltglerid thevdidéart twd falgdrpilbe SSSFDMA symbols onto at
operative to transformthe at |east. one SC- FDVA synbol
leastdwe symbelnssigdndssignatiedifpr pHAt HEnyISE] and to derive
a frequency response estimate for each transmtter
based on the frequencydomai n pil ot val ues.

49.  An apparatus comprising:

at least one receiver unit operative to receive at least one single-carrier
frequency division multiple access (SC-FDMA) symbol in a time slot used by at least
two transmitters to send orthogonal pilots and non-orthogonal data transmissions; and

a processor operative to process the at least one SC-FDMA symbol to obtain

channel estimates for the at least two transmitters.

50.  The apparatus of claim 49, wherein the at least two transmitters transmit
the orthogonal pilots using time division multiplexing (TDM), code division
multiplexing (CDM), interleaved frequency division multiplexing (IFDM), localized
frequency division multiplexing (LFDM), or a combination thereof, and wherein the
processor is operative to perform demultiplexing of the orthogonal pilots transmitted by

the at least two transmitters.



52. The apparatus of claim51, wherein the processor
is operative to derive the frequency response estimte

wo or06a382b6 t ransmi tter based on the frequency- dpOEUS2006/022728
pil ot values and using a m ni rum nean-square error
(MVBE) technique or a |eastsgyares (LS) technique. 53.
The apparatus of claim51, wherein the processor is
operative to derive a channel inpulse response
estimate for each transnjtter_ based. on the fre uencg .
resporise ekig gRRAEANEOf R hhsHEEEE .th%@m‘ﬁswgt Kogperative to

ISt { [evd l . il i ilot valu

S A 20 B L Ry oL UbBein pilot values
adito deried ofregmady tegperise lestiraate foveath tragmiitteryased on therftequency-

(frt ho&qnal Bf?i | ot s and non-orthogonal data
AR RLNGeS- and processing the at | east one SC- FDVA
synbol to obtain channel estimates for the at | east

two transmtters. 55. The nethod of claimb54, wherein i
t he procesBimepparatusaef ¢laias 6 Lovhergorhrmrasgpagpis operative to derive

omrises tr or.m t - F .
8 BhaRY R R AE A S raPRflipOBEeE K FNERY . domain
%ild‘t ratiee ey tsafPe Msiintsh i mednesquare earh(MMSES nedhingue or a least-

ased on the frequency-domain pilot values. 56. An
sypiee fe)deehmigie: si ng: neans for receiving at |east one
single-carrier frequency division nultiple access
(SC-FDMA) synbol in a tinme slot used by at |east two
t rans$a.t t €Flse sppasatuscbfonditmoFjo rvelergin ket proeasspr is operative to derive a

on-qr.t hogonal data.transm ssions:.andneans .fo

SPERSGEPRES FoBE SUeR ot B RCL RN B Fpuspsy rosponse
Shiainetor anttbBinagrf Or the at least two transmtters.

57. The apparatus of claim56, wherein the neans for

processing the at |east one SC FDVA synbol conprises
fo obthi n PrgiSETHBRAE° T ot “Val ues: ang U™
receiving at least one single-carrier frequency division multiple access (SC-
FDMA) symbol in a time slot used by at least two transmitters to send orthogonal pilots
and non-orthogonal data transmissions; and
processing the at least one SC-FDMA symbol to obtain channel estimates for the

at least two transmitters.

55.  The method of claim 54, wherein the processing the at least one SC-
FDMA symbol comprises

transforming the at least one SC-FDMA symbol to obtain frequency-domain
pilot values, and

deriving a frequency response estimate for each transmitter based on the

frequency-domain pilot values.

56.  An apparatus comprising:
means for receiving at least one single-carrier frequency division multiple access
(SC-FDMA) symbol in a time slot used by at least two transmitters to send orthogonal

pilots and non-orthogonal data transmissions; and



means for deriving a frequency response estinmate for
each transmtter based on the frequency-domain pil ot

WO 20064382068. An apparatus conprising: a first PCDUSNS©022728
operative to receive single-carrier frequency division
mul ti pl e access (SC-FDMA) synhols via a plurality of
recei ve antennas and to process the SCFDVA synbols to
obtain received data values for at |east two
transm tters sendi.ng orthogonal pj nd .
non- JREFE gioR AOEEHRE e Ak Tehts Paﬁgéﬁﬁbmi syabo} dey Pty channel
ég{iﬁ;‘é{‘e TEHhE htil@?st%o fraglin@k, subbands in a plurality of
Sy ol peri ods; and a second processor operative to
performreceiver spatial processing on the received

dat a | u t o obtai etected datg val ues. for the

I eastgl f\/\oeﬁ?@a‘?@ﬁ{ Se‘?r}é’?alg‘éé’ reé‘bajfrrg?aﬁ]gsf%’f pre F%fflr?\gg%? at least
MQ;@FDMﬁgy,&lbgp&on{i{rgggssor is operative to derive

channel estimates for the at least two transmtters,

and weansifor traesferating themt desskensy SE-FBYArsypbpb tq gptain frequency-
eri.ve..a set of .spatial filter matrices for the set of

‘goﬁ%%%ﬁggt‘bag 8 gn channel estimates for the at | east

two tmassnfoi d@idngadrdgeg oty extidiaveforspali tramsmitter based on
rocessi ng based_on the set of spatial filter
fefe@wy-domainpifot yass-at us of claim 59, wherein the

second processor is operative to derive the set of

spatial filter matrices based on a zero-forcing (ZF)

t echnf&ue, Aa apparatospompdsingquar e error ( MVBE)

I 848 Gy TR 4 SR s LR v iton i

&%ea%gggtm dykitots Wik AGRESALy APREAVE Witehrths PAA ft® prBcess the SC-
SC-F denodul"ati on. 62.” The "apparatus_of clai m 58,

FOMAsymbolspioi elitaiy: reecivesh data|viadites dpe plhalgagtetviq transmitters sending
det ernmi.ne.the set of .s n t, L:

S T R
eGi5p1EEee @f b GetidTeulbBantieisd plinatity 6 B8yaibol p&iwls; 8. The

apparatus of claim58, further conprising: a ijhi rd .

pr oced SEFOTSHBIOSEISPR OPEraiiVe dR STIORS TFEPINEY sRptighipaocessing on the

}ée%ils'fgé gétg Rz?ﬁlgfté)a(;bt#ﬁ AsfectedBath VARSEFIr ik & 1842t QRY Rdr3mitters.
ecode ata. 64. e apparatus of claim63, wherein
the third processor is operative to

59.  The apparatus of claim 58, wherein the first processor is operative to
derive channel estimates for the at least two transmitters, and wherein the second
processor is operative to derive a set of spatial filter matrices for the set of subbands
based on channel estimates for the at least two transmitters and to perform receiver

spatial processing based on the set of spatial filter matrices.

60.  The apparatus of claim 59, wherein the second processor is operative to
derive the set of spatial filter matrices based on a zero-forcing (ZF) technique, a
minimum mean square error (MMSE) technique, or a maximal ratio combining (MRC)

technique.

61.  The apparatus of claim 58, further comprising:
a third processor operative to perform SC-FDMA demodulation.



determ ne decodi ng status of each packet and to

provi de an acknow edgnent (ACK) for each packet
walewodsstocorrectly, the ACK being used to ternPCEUS2006/022728

transm ssion of the correctly decoded packet. 65. The

apparatus of claim?58, whereiyy the at [east two

transmtters includes a first transmtter

communicating with a first base station in a wirel ess

network and a second_transpifter communicating with a
secorfd basEesPRIPB of ﬁ{al’ﬂzg]vfmg?re@g’%%r k, and
wher gj at least two
ther & oA GRENA S dLRBABSHL o Saliadd sBBSSone I
seast subbends' bavediant eguanay [hogpmgapaticrnst assigapd 0 ttheat least two
co%pl cating with first and second base stati ons,

%t he apparatus resides at the first base
station and further conprises a third processor
operative to obtain detected data values for the first
t r ansi t t eFhefappamatusef ses g, frberesiising obt ai n
det ect I e t
stati otﬁxgrfigy %ﬁSO? ﬁ '&l\g {o \rflg%sﬁﬁe cfgfee% %tg%q'(?o ng?or thcta ﬁt least two
t@@isﬁ@ttd?dtodﬂit;ﬁn‘deéddeddﬁ)ﬂat ai ned from t he second
processor and the second base station for the first
transmtter. 67. A nmethod conprising: receiving

si ngl % ;"rfﬁeﬁ@a&{a’fﬁ%u@f‘ EMirfi64! %Jh%fblﬁ“tﬁet {HdCHrBE&SSiSis operative to

(SC S via urality of receive antennas;
cintmmmesdiemgdmg ataBG-FElohith p@qkbmnd tp pravidaimaskaowisdgmedatACK) for

ues f 33‘3?40{1'()‘%%8‘3%%\/3@8%@1?%? e e%fﬁ £ Zt?%ﬁlrﬁgte transmission of the

&{rfygﬁ Heliedpackat.@ timefrequency bl ock conprised of a
set of subbands in a plurality of synbol periods;

andperf orm' ng recei ver spatial processing on the
recei fa v btai :
for t PPy lél‘ies Oftc?%l%séﬁtve{’he g&ﬁﬁ% qea%ﬂv@o tf%llsﬂﬁﬁers includes

& Ifiadt fﬁaﬁ?mltfetl coefuntating wdihng firsd Gbaa;a/stﬁlg)mimamnmieless network and a
estimates for the at |least two transmtters;

srepnd; frappmittersporpnuaisatingavith iy seepnd paseistationsy rth"t Wéfegeéﬁ network,
fla hbeans, RBdehARe ki bldeBkieE. for the at

wo transmtters, and wherein the receiver
spatial processing is performed based on the set of

\?\Arq):tr Igf%, I nglthj @H%t%ofa@% g% v&lfergl %qez}sF e %ansmlﬁérs includes

FefSi G88snfiRBPEbBRRmicating with first and second base stations, wherein the

apparatus resides at the first base station and further comprises

a third processor operative to obtain detected data values for the first transmitter
from the second processor, to obtain detected data values derived by the second base
station for the first transmitter, and to combine the detected data values obtained from

the second processor and the second base station for the first transmitter.

67. A method comprising:

receiving single-carrier frequency division multiple access (SC-FDMA) symbols
via a plurality of receive antennas;

processing the SC-FDMA symbols to obtain received data values for at least two
transmitters sending orthogonal pilots and non-orthogonal data transmissions on a time-

frequency block comprised of a set of subbands in a plurality of symbol periods; and



deriving the set of spatial filter matrices based on a

zero-forcing (ZF) technique, a m ninum nmean square
We@eron3MVBE) techni que, or a maximal rati o cobP@i/nB20g96/022728

(MRC) technique. 70. The nethod of claim67, further

conprising: perform ng SC-FDMy denodul ation on the

detected data values for the at |east two

transmtters. 71. An apparatus conprising: neans for

nccostir bt Aot Rt rSCRaMEF haftrisouired el viBis to obain
adteedé@da vitees or fHerat aSGO®IMEmithes. SC- FDVA symbol s to
obtain received data values for at |east two

transmtters sendi ng orthogonal pilots and

non- ogg hogppnal 18SL0NS on. a time-frequency

bl ockgéc'orrpn se&g@#‘%%g%%?%@% banteSH§ a plurality of
symboderpyéng daanelastimaes s thoit IQRE vy Bamenit@sainder

spatigelna,pr ocessing on the received data values to

obt ai &R fI PSR! Fllermgtcss fenfhe set qfsybhandgbased on channel

Sstigfeet thi fheat lehgt twhNEmSRRAL A bHE wilrddl ?f.e% eﬂverfsggt}a? gfocessing is
conprising: means for deriving channel "esti mates r
pavboraied bessd ontthwoset pfispmtint filkarsnatdcmdmeans for deriving a

set of spatial filter matrices for the set of subbands
based on channel estimates for the at |east two

transey.t t eTige nREHOIVICEIRHA 6BNYHEREE (el bR set of spatial filter
processing is perforned based on the set of spati al

Wpirces comiiisetes. 73. The apparatus of claim 72,
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71.  An apparatus comprising:

means for receiving single-carrier frequency division multiple access (SC-
FDMA) symbols via a plurality of receive antennas;

means for processing the SC-FDMA symbols to obtain received data values for
at least two transmitters sending orthogonal pilots and non-orthogonal data
transmissions on a time-frequency block comprised of a set of subbands in a plurality of
symbol periods; and

means for performing receiver spatial processing on the received data values to

obtain detected data values for the at least two transmitters.

72.  The apparatus of claim 71, further comprising:

means for deriving channel estimates for the at least two transmitters; and
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means for deriving a set of spatial filter matrices for the set of subbands based
on channel estimates for the at least two transmitters, and wherein the receiver spatial

processing is performed based on the set of spatial filter matrices.

73.  The apparatus of claim 72, wherein the means for deriving the set of
spatial filter matrices comprises

means for deriving the set of spatial filter matrices based on a zero-forcing (ZF)
technique, a minimum mean square error (MMSE) technique, or a maximal ratio

combining (MRC) technique.

74.  The apparatus of claim 71, further comprising:
means for performing SC-FDMA demodulation on the detected data values for

the at least two transmitters.



