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BACKGROUND
I. Field

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

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

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 chanmel



conditions, receiver inperfections, and so on. Neverthel ess, the

orthpgonalwo%k}l]gs%@xi ng ensures that the data transm ssi,@ﬂpéir%?%%

termnal mninmalTy interferes "with the data transm ssions

other termnals. [0004] The nunber of term nals that can comrunicate
with the nultiple-access systemat any %i ven nonent is typically
limted by the nunber of traffic channels available for data

transm ssion, which in turnis limted by the available system
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techni ques phbikr of URBBAYIe %(SII%.P &ode SE‘{{L%Hé fir b Aode f(?@goﬁagkgﬁﬁes a%o%ss
| mu - system
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| ocal i zed milBple GEERMTDMA ) sy8fs1Tahd §bA. 30 thall liRkan@8s, 3 19/dRsPLES ¢
adj acent subbands,. ar (.3) e)tnggﬂﬁced FDVA (EFDI\/Z\) to tranlsm't datgaélr?

pil ot on miRAre FREBals o supyiiangpuste semswpisatedwith thespgtern 9n airdey toalmpeelve
di stri but egw %%gg LFDVA is al so call ed nanowband FDVA, cl assi cal
FDVA, and ) f ] For pilot transnmission, nultiple transmitters
may transmi@00sShei rThmre dd thereforecn néddnim itle \aitsfoe mechmigiesdtoestippert (sbManeous
code division nult 'JO% exi n% &F‘%I nterl eaved frequency division

mul ti pl exi HGR{HMEPRAS 105 FRor ERRnAsIn IRy HRISAFCEss §Y6%8n mui ti pl exi ng
(LFDM), as described below. The pilots fromthese transmtters woul d

then be orthogonal to one another, which allows a receiver to derive
a higher quality channel SUMMARY

[0006]  Pilot transmission, channel estimation, and spatial processing techniques that

support simultaneous transmissions for terminals in a single-catrier frequency division
multiple access (SC-FDMA) system are described 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 nsing
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 transmitter. WD 2006/ 13%206 PCT/ US2006/ 022728 3

[ 0008] Fow&%ggﬂm stimation, the receiver perfornms thepcrmsa006022728
conpl enentary emul tiplexing for the pilots sent by the fransmitters
with TDM CDM | FDM or LFDM The receiver may derive a channel
estimate for each transmitter using, e. g” , @ mninmm nean-square
error (MVBE) technique, a |east-squares (LS) technique, or sone

ot her channel estimation techni que. The receiver nmay al so perform
filtering, 0808 eshbordighgnnalr eatbmeation, tamdreseivemppefivast it camplbinantary
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shows an e lary s d. st ture.for | R 0014] FI G 2B.shows,
an exenpl a?@ﬁghg'ganad%s%gﬁ{;fg% PR, 20 I%@?ﬁ%][te ¥ g%%mgﬁ\f\ﬁm
exenpl ary sofmbiaiy QIRCPtedlqheor EFDVA. [ 0016] FI G 3A shows the
generation _of an |FDVA, LFDVA or EFDVA symbol. [0017] FIG 3B shows
the gener alf®AI of ‘éﬁiwmw%af%ﬁﬁoﬁmb%m¥ of |t inyesfieareleserihpddnfrther
hoppi ng (FhbageBeee. [0019] FIG 5 shows a TDM pilot schene. [0020]
FIG 6 shows a CDM pil ot schene. [0021] FIG 7 shows

di stributed/|localized pil ot schenes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  The features and nature of the present invention will become more apparent

from the detailed description set forth below when taken in comjunction with the
drawings in which like reference characters identify correspondingly throughout.
[0012]  FIG. I 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 JTFDMA 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 LEFDMA.

[0024]  FIG. 9A shows localized pilots for two transmitters with IFDMA.

[0025]  FIG. 9B shows localized pilots for two transmitters with LFDMA.



[ 0022] FIG 8A shows distributed pilots for two transmtters with

| FDVA. [ Q0@ 3dos/ik§30s 8B shows distributed pilots for two § ol b B
wi t'h LFDVA. [ 0024] FIG 9A shows |ocalized pilots for two GRUSHGA22

transmtters with IFDVA. [0025] FIG 913 shows |ocalized pilots for
two transmitters with LFDVA. WO 2006/ 138206 PCT/ US2006/ 022728 4
[0026] FIG 10 shows a transnmission with different data and pil ot
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[0032] FIG ‘fzg sho ock di_a ram of a receiver. DETAILED
DESCRI PT!I olf 633] ?‘HS drapsmissiogsed herein to mean

"serving asgyy) ex 2wy, Q4sh6x9§ﬂaﬂﬁgn~&ﬁnﬁés 1043 ¥: b Winsmfifds, ermoodi nent

or design escrlbed herein as 'S not necessarlly to be
construed 38033 ef eFKhdS@howﬂwblmchgﬁigtm of/aatramhﬂer enbodi ments or

designs. | T i.Lof tr ) §sion, channel estimation, and
spati al prg@@ﬁi n éﬁﬁﬁﬁ%@ﬁ’&aﬁﬂﬁﬂgﬁﬁﬁc@vﬁnmy be used for
various communi cation systens. For exanple, these techniques nay be
used for an SC-FDVA systemthat utilizes | FDVA, LFDVA, or EFDVA, an
orthogonal frequency divisi AAERAILER DESERIRTIOM) system t hat

utilizes ort onal frequency division rrultlpl exing (OFDV, ot her
FDMA syst elli@ ot hEe @ﬁﬁf/p ‘Freraanyy 5 aiwsd herran 4o mBean P&t gm example,

symbol s ar e I %} B
in the fr egausengé déglr%%glﬁ%u\é\#'t hA&Q—%W Wntégﬁgrgg%d?%ﬁ ﬁ%ﬁgaues Bﬁﬁﬁl
used for aisydmeerssdrdy taibé tombredaepreferredroe advadtigepheavengtire babedinfeats

the forward_and reverse |links. For exanple, the systemmay utilize
(1) SC FDwﬁr‘?‘é“%‘.s-, | FDMA, LFDVA or EFDMA) for both the forward and

reverse | i [gos4f 2) TIPS Hleln, SN Bt o, ark UM et
and anot her version of SCF e.g., IFDIVA)n he h§? Ilr?k uess
MC- EDVA f oflessgbed herain may be used for various communication systems. For example these

techniques may be used for an SC-FDMA. system that utilizes IFDMA, LFDMA, or
EFDMA, an orthogonal frequency division multiple access (OFDMA) system that
uiilizes orthogonal frequency division multiplexing (OFDM), other FDMA. systems,
other OFDM-based systems, and so on. Modulation symbols are sent in the time
domain with IFDMA, LFDMA, and EFDMA a;ld in the frequency domain with OFDM.
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 ope 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



forward and reverse links, (4) SC-FDVA for one link (e.g., reverse

l'i nk) and §e.9., OFDVMW) for the other link (e.

l'ink), VM% sone ot her "conbi nation of nultiplexing s%ﬂw{lg{wgﬁﬂns
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potenti al | i eve higher system capacit [0035] The techni ques
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system Thwb®hEpEEo spleeaBSERMA Bﬁtspad?he dl-FDMzb rsystemlsﬂpgurs spemativision
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[0036] FI Gepate shauipport sﬁlﬁw@o@mgmséﬁﬁs mrhhﬂﬁylem@be (M
transmtters 11 GCa _through | Om and a ‘receiver 150. For sinpli Clt1)6,
a

each transH®Bfkr HIG.ilsshon %)&EIDM Rystem J0A gvith svwiltinie @) pnsmitigrs 1

' 1 t I
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an access point, or sone other term nol ogy. A term naf I Xe
or nobile maﬁlbmayﬁ offe terminal gdndgscedtesy i16@ may lmeiartmfarbagmsiatmn A pasesstriah

digital asgl gseglgrghy g?%{e)d sta%on an lrgfysalsonge ca e%ar‘tcyjdse %rre]mscewer system (BTS), an

access point, or some other texrminology. A terminal may be fixed or mobile and may

be a wireless device, a cellular phone, a personal digital assistant (PDA), a wireless
modem card, and so on.

[0037] At each transmitter 110, a transmit {TX) data and pilot processor 120
encodes, interleaves, and symbol maps traffic data and generates data symbols, which
are modulation symbols for traffic data. A modulation symbol is a complex value for a
point in a signal constellation, e.g., for M-PSK or M-QAM. Processor 120 also
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 symbo! is an SC-FDMA symbol for traffic data,
and a pilot SC-FDMA symbol is an SC-FDMA symbo} for pilof. A transmitter unit
(TMTR) 132 processes (e.g., converts to analog, amplifies, filters, and frequency



[ 0037] At each transm’tter 110, a transmt (TX) data and pil ot
processor w20y, gles, interleaves, and symbol maps tra ﬁé’h%sg@%lﬁ’n%d

gener at es data sy ols, which are m)dul ation synbols for tra

data. A nodul ation synbol is a conpl ex Gal ue for a point in a signal
constellation, e.g., for MPSK or M QAM* Processor 120 al so
generates pilot synbols, which are nodul ati on synbols for pilot. An
SC- FDMA  nodul at or 130 rrul tlwgl exes the data synbols and pil ot

synbol s, p@P@QﬂVﬁﬁS)S@emdﬁD cﬁmé)olsmnd(gengratesf aradid-BeyyencF HRE) nmdulated
EFDVA), an C- 0 SC- FDVA synbol may be an
| FDVA synbg ﬁ’h&t}-‘bﬁxﬂ “F%gw‘ﬁ\m ‘m% A synmbol . A data SC- FDVA
synbol is @msp FDM%@W@MS(D R ahfe@flﬁs t5Xbathoughal Bl dedeiveOthe 3G HdMlated

synbol is an SC FDMA synbol for EBl ot. Atransmitter unit (TMIR) 132
processes (”é“@ls frozg rﬁﬂ@ﬁmstt%lb% @“%Mm:f angks each; anienmg prayviges a received

frequenc

Gyrbol 5 and ooans i iebbaiE iR Mt AREVAS) L. BRAMBHSY whib TsPCofgitlne
is transmi (d; ed ﬁ\lchJas, amphfits freguéid. dovaR8dleridy aﬂcbdlgltwes) ﬁé&ceﬁe@ﬂﬁgﬁﬂnﬁﬁ
152a t hrou (%5 ceive the RF.np at ed, naI S éﬁéog}ér ansmtters
L300 £t ouBrPvIdes P gt 1o Greers L srAteL pretrenl O (o Arghal ProseR
associ at ed 15@esinftes Y ShakP\EIp oﬁ%betﬁ%&lﬂ ch&f BhsRliteet"] 10 Amthe R antennas

conditions (e.g., filters, anpll i es, frequency downconverts, an
di gitizes) based ¢Ieéh;ﬁ pilot secgivatl ford that mmﬂ nrRX spatiql] poctssom 160 also
160. .RX s SSO

receive r sor. 0

esti mat egRﬁ% an n%r‘% S%%@%ngceﬁ%?%%rnea g lfaflg ﬁﬁ?%é‘?m’ill%?@ﬂﬂmtt@ég R’
ant ennas bf&aecb supafalfreoﬁl the Hath 89@bYR deht OMhbiAfrashiiGa1 RiedpatifPprocessor
spati al essor | so perforns._receiver spatial processing for
each subbaiéa %%fé‘%f Wﬂ%\ft}n lexss dhe SEniMA symbely reesivedy for Gach pansmifiery yAn
the data sy @(tj{qb e t a or

160 further @%%Pﬁg@({}hgﬁé%&@m eﬁ%ﬁlns r e%dh?géaggtg on. the
transnit t edetedied SSEFPEIMA spmbuold Ubatawh ttdbemiitt ahﬂ@rpaﬂémdm sib6lDidimates
ooy, % 85 BBl Bbe Tt Rl ot e 5 e
processor ddoddsy tﬂé@at@%ﬂﬁ!ﬁb‘l,esﬁﬁhﬁﬁ &b @d’é}i%nsﬁﬁﬁér a8 g)ﬁgﬁﬁest&égod%@t@ata for

synbol estimates for each transmitter and provides decoded data for
t hat transthat trensmiftar. g&mgengral, theepioressingshhtechiver 85@iis eomplSMentary to the

conpl ement ﬁfoXests&gtﬂgﬁxansnutters 110a through 110m.
[0039] Controllers 140a through 140m and controller 180 direct the operation of

various processing units at transmitters 110a through 110m and receiver 150,

respectively. Memories 142a through 142m and memory 182 store program codes and
data for transmitters 110a through 110m and receiver 150, respectively.

[0040] System 100 may utilize IFDMA, LFDMA, or EFDMA for transmission.
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 fhat all X tofal subbands are usable for transmission. For subband

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



processing by transmitters 110a through 11 Om [0039] Controllers
140a t hr oygh,didm,and controller 180 direct the Operat'oﬁcf’/{lszoﬁé’}gﬂggiés

processing units at transmitters 110a through 110m and recel ver
respectively. Menories 142a through 142;? and nmenory 182 store program
codes and data for transmitters 110a tHrough 110m and receiver 150,
respectively. [0040] System 100 nmay utilize | FDVA, LFDVA, or EFDVA
for transm ssion. The subband structures and synbol generation for

| FDVA, LFDiWbe %ddteﬂwrartﬁsjoﬁéén rthateekchedfothie Komwndﬁl’@lo@a mhonly Gire
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transm ssion. For subband structure 200, the K subbands are arrange
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PCT/ US2006! 8 The S i oi.nt Jin that each, of
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shows an exe | ar 13 3réd str ctHre 210 for LFDMA. For
”{? for subband structure 210 may be the same or different from N

and S for subband structure 200. In general, a subband structure may include any
number of groups, each group may contain any number of subbands, and the groups
may contain the same or different numbers of subbands,

[0043] FIG. 2C shows an exemplary subband structure 220 for EFDMA. For
subband structure 220, the K total subbands are arranged into S non-overlapping sets,
with each set including G groups of subbands. In an embodiment, the K total subbands
are distributed to the S sets as follows. The K total subbands are first partitioned into
multiple frequency ranges, with each frequency range confaining K'=K/G
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 k that satisfy the following: (s—1)-V <% 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
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first intepl aeebang sewp by nars‘ntmmgdbe pibband ses intounidtpledubsetsi :mdsassmmb
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each user with a respective subset for pilot transmission.

[0045]  FIG. 3A shows the generation of an IFDMA symbol for one interlace, an
LFDMA. symbol for one subband group, or an EFDMA symbol for one subband set.
An original sequence of N modulation symbols to be transmitted in one symbol period
on the interlace, subband group, or subband set is denoted as {d,,d,,d,,...,dy} (block

310). The original sequence is transformed to the frequency domain with an N-point
discrete Fourier fransform (DFT) to obtain a sequence of N frequency-domain values
(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
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called a cyclic prefix or a
occupied subbands. The extended sequence has a comb-like frequency spectrum that

occupies interlace 1 in FIG. 2A.
[0048] The extended sequence is multiplied with a phase ramp fo obtain a
frequency-translated sequence of K output samples (block 354). Each output sample in

the frequency-translated sequence may be generated as follows:

x, =d - ME b e n=1,.,K Eq (1)

n n

where d, is the n-th modulation symbol in the extended sequence, x, the n-th output
sample in the frequency-translated sequence, and « is the index of the first subband in
the interlace. The multiplication with the phase ramp ¢ 2*® DUV iy 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).
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[0052]  Asused generically herein, a subband set is a set of subbands, which may be
an interlace for IFDMA, a subband group for LFDMA, or a set of multiple subband
groups for EFDMA. For the reverse liok, S users may simultaneously transmit data and
pilot on the S subband sets (e.g., S interlaces or S subband groups) to a base station
without interfering with one another. Multiple users may also share a given subband
set, and the base station 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.

[0D053] FIG. 4 shows a frequency hopping (FH) scheme 400 that may be used for
the forward and/or reverse link. Frequency hoﬁping can provide frequency diversity
and randomization of interference from other cells or sectors. With frequency hopping,
a user may be assigned a fraffic channel that is associated with a hop pattern that
indicates which subband set(s), if any, fo 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
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channel that is associated wth a hop pattern that ™~ 1ndi c
subband se@ﬁ(@yodﬁrsmbﬁ:@/bd@w use in each tine slot. A hop pattern is

21,;?6\ dcgl lhﬁfbségr ::o pat f ﬁlg ‘?J'B:legy enlﬁgple cﬂgnn%l tsét%lag*lb%tde%ie(fl .Jfosf%ach link.
Each channel set contains S orthogonal traffic channels. The S traffic chamels in each
channel set may be pseudo-random with respect to the S traffic channels in each of the
remaining channel sets. This randomizes interference among users assigned to traffic
chamnels in different channel sets.

[0056]  FIG. 4 shows an exemplary mapping of traffic channel 1 in each channel set
to a sequence of time-frequency blocké. 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 chammel 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.
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remai ni ng ch el sets, This yangdom zes er ce.anpng users
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4 shows anmmhﬁd]wmg@%egéngeﬁ%fwc channel 1 in each channel set
to a sequence of time-frequency blocks. Traffic channels 2 through S
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subband set 1 in time slot 3, and so on.
transmitter 1 transmits data in symbol periods 1 through #—1, then pilot in symbol

period ¢, and then data in symbol periods #+2 through T. Transmitter 1 does not
transmit data or pilot in symbol period #+1. Transmitter 2 transmits data in symbol
periods 1 through ¢—1, then pilot in symbol period #+1, and then data in symbol
periods £+2 through T. Transmitter 2 does not transmit data or pilot in symbol period
t. The data transmissions from transmitters 1 and 2 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 symbo! in each symbol period
designated for pilot transriiission. 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 {ransmits data in symbol periods 1 through #-1, then pilot in symbol
periods £ and #+1, and then data in symbol periods £+ 2 through T. Transmitters 1 and
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[0059] FI GWirslasp shenngl FDRsSBIEd tto hehwatic owerraths ivo tsymboll peietisused dons pilot
dat d t C
oneset - of ORr Shisfne oo, MiBiyel TR R0 SocvU RGN RafRETE JRE Futior

> 1. For t peri@isamplkies Shasvobtath d-tdoeived pilbt SOFDNIASSynibol FaNefikhfted 3t ahe

in synbol perjods 1 through t-1, then pilot _in_ synbol period t, and
then data FeFeRghisEbirasts ﬂ@d%ec@wzd - BOYH symbeh i ﬁvmbelr pariafé¢ InFem the

transmt d
data in sy?%(ejjlvg&perl o%%yﬁ%rougﬁﬁ%d]!%flhg% tﬁlc[b?{’ﬁ{yn}eé‘% Pﬁ%ﬁé@m
t+l, and thganbmiefbﬂirmnm;tertibl periods t+ 2 through T. Transmitter

? (r)g?\s Pn'Otsmt L%ﬂnr or‘ﬁo| Ogltiﬁ‘?l ‘5)4’%1?13 Sfﬂ%ﬁ %#%ge{ F@c’j@ ot an’t‘?glj%l?ﬂﬁﬁﬁé‘?‘}sed

The pil ot fAOTHN Bk QMRS ﬁéxﬁ"cﬁrﬂ‘&ab eks, aﬁ&h%xael@mﬂ% nlaﬁéﬁz&g 4 Filot

wi th one another and hence an inproved channel estinmate nmay

derived fopvesauh symbhakparioddpr ﬂEéla}M niloh seheirtet amd Q’valytvmr amdmlpe}ﬁdgs far the
data SC FDMANYIRP el 2 BAcH HIRG eHac}), AES I0REE haximum transmit power

level, which may be imposed by regulatory bodies or design limitations. In this case,

the CDM pilot scheme allows each transmitter to transmit its pilot over a longer time
interval. This allows the receiver to collect more energy for the pilot and derive a
higher quality channel estimate for each transmitter.

[0062]  FIG. 7 shows distributed/localized pilot schemes. For the example shown in
FIG. 7, each transmitter transmits data in symbol periods 1 through #-1, then pilot in
symbol period ¢, and then data in symbol periods #+1 through T. Both transmitters 1
and 2 transmit pilot simultaneously in symbol period . However, the pilots for
transmitters 1 and 2 are multiplexed using IFDM or LFDM, as desctibed below, and do
not interfere with each other. As used herein, a distributed pilot is a pilot seni 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.



for data transm ssion and (2) a pilot SC- FDVA synbol in each synbol
period d or pilot transm ssion. Apllot | FDVAR &,

be genera?% as g%é in FIG 3A or 3B based on"a sequence /'E@fhloﬁﬁﬁ%s
pi | ot symbols. A pilot LFDVA synbol may_  be generated as shown in

FI G 3A based on a sequence of N pil ot é?rrbol s. [0060] FIG 6 shows a
CDM pi |l ot schene. For the exanple shown in FIG 6, each transmtter
transmts data in synbol periods 1 through t-1, then pilot in synbol
periods t d4P@p3l+  FHad SﬁhéwWadlaiﬁbntedymw ftpretralmtstterﬂl ahd Qugith TIFDMA,

Transm tter nd 2 13 2 transmt
pi | ot si rrul“ﬁn%be s 1y° cﬁH%d\? %1% geg W}f tﬁ’ﬁ A dnetlpcg» are
gener at es giyehl machQoF@Mﬁrmgﬁle anidNark ﬁﬁrﬁﬂbhealmﬁaﬁwbeéubs&sg Thelfrst BBt
in FIG 3A or 3B. Transmitter i s assigned an orthogonal pilot code

of {+1, +1 cpntaipg |Sﬂb11ﬁnﬂé§'1ﬂ1t0§1dmumhereds@1mmn@§h¢tsg¢onﬁ suhsst tortains sylbonds
eriod t, Il +1 for

Berl od t+| %% gerrggn;\ht%%e? c&%cegss?%engﬁ“ﬂ;aﬁ&@ﬁ %%égﬂg%g‘lsy %’i %o as%gb(ﬂs

{+1, -1} subhahds, pdndeﬂleu subbpidsoin 86 flMAubseiiagd offiséthby 1S babibagydriton the

period t, iplies the pilot SC.FDVA synbol with -1 for synbol
e od ¢ 41 SHRBds i 60nd AahiRe| TSl 455i20ed Sionfist suhsel v 2

two symbol 4 ah@éj%nﬂgfﬂsﬂﬂfer B fs%ts %lflerdat?]% g&@ggﬁ?se—[%ﬂ{ %ﬂ%ﬁ a.adst JHach

conbi nes the receive pert ods
to obtain &ansmuider gengiicnta ﬁﬂnﬂ:mWMssiysjmbo]f ﬁcrr theaassipned eubliand Tdubset and

recei ver subtract rece S I n synbol period t+l
fromthe E’ ; @@%&Y@éﬂﬂ%fﬁ?ﬁ%ﬂ% SB%I’I od %/ to oBt ain a
recei ved [005&] SC- Bi)m)mm%ol ff&fa &EtﬁBﬁﬁHﬁﬁle méy bé Qgcfe:}itef%r foilB@s

enbodi mrents shown in FIGS. 5 and 6, two syib periods are used or

the TDM or COM pbhﬂtaﬁoflgfrﬁ O§r$ eﬁc@%??@i ﬁ(g%yvgrfsh transmtter

transmts its pilot ov t he TDM pil ot schene
and over two Zsbep]iqu@thead@ﬂ%sequbme ZSJans logerecdte o exteaddd sequence with
transmtter rtain maxi mumtransmt power |evel, which
may be i rrposed 1¥3§W§&8‘ry bodi es or design limtations. In this

case, the CIV pipbBt aSFHIRERab! RWSNRAGE: L' AN SROWA Sh écﬁnaﬁéxf"ﬁm& obfath a

pilot over a longer tinme .interval. This allows the receiver
col lect nore en&egyencyiranglategiseameneand derive a  hi gher qual i ty

channel esti nat gp{agﬂd £ @féﬁctp'i'@ﬁlﬂy thé fbquency-translated sequence to generate the pilot
IFDMA symbol.

[0065] FIG. 8B shows distributed pilots for transmitters 1 and 2 with LFDMA,
which are also called distributed LFDMA pilots. The N subbands in subband group v
are given indices of 1 through N and are partitioned into two subsets. The first subset
contains subbands with odd-numbered 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 fransmitter 2 is assigned the second snbset 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.



[00621 FIG 7 shows distributed/localized pilot schenmes. For the
exanple s i G 7, each transmitter transmts dat
Pos SRR Aol sy

periods 1 then pilot i"n synbol period t, and

in synmbol periods t+1 through T. Both transmitters 1 and 2 transmt
pil ot simultaneously in synbol period t>However, the pilots for
transmtters 1 and 2 are nultiplexed using | FDM or LFDM as descri bed
bel ow, and do not interfere with each other. As used herein, a

di stributed pdJ dfap $heaNdi2 ditegaammy-domairs widlnes dstot that N42 epittit stibbands éal the
across an interlace aqr ubband group, and l.oc I zed |Iot |s a
pilot sent on adf% S“gﬂ%ﬁ’é Bep rzg“’é’ﬁ?‘}eﬁf’ﬁ’iol@%ég_& Eﬁ‘flﬂ)‘g
Distributed pilpgigmh Qr K IPdiddti IDIFG éhsﬁl'éq( b'ﬁﬁlrll Qo9 9Ratd éﬂ}g} [ gero values to

mul tiplexed in a given interlace or roup usi ng
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in agiven in erla or subband g LFDIVl 06/ 138

PCT/ US2006/ 02 %’_’& 6%’3"] ’E‘%&‘,{Osﬁi) s "E*i‘ 8 ‘Elot ﬁ%‘?@‘% e pilot
transmtters 1 &JMDI\ZA ol. FDMA, which are also called distributed

| FDVA pilots. The N subbands in interlace u are given indices of 1

through N a0frifi9eRardad TFPMA sHhBoll Wt auaéﬁib%tedT?,h Bof Ih&t b%“Eé%Eated by

cont ai ns subbands W th odd- nunbered i ndi ces, and e second sSu
cont ai ns su¢migaiine the tomgmabrsemlmb@r(édl\l/ri’dlmbs.syfffoelsstabgammiaela:n eziechded

subset are art and the subhands in_.t

Pirer! sahestBRE o Bt ek, hidRe e uiPened SR SBove tor £fc. 34
second subg$eg67] Tr aAs mdwrein HIGSS 8ASHdPRS thd fstributed éaﬂ%tstisﬁ&a:wni]ﬁerbl/l 4nd 2
subbands, and transmtter IS assi ned t he second subset with

subbands. Ea%’y @ﬁ%%ﬁ%hb@ﬂd @éh@?%@@%hﬁlcsud%mn wivfEre yihommer anothene The

assi gned s

subbgnd su set P%‘g%% EE%%EB%@%%# #egélﬁ% di st y?%ﬁ‘?caéstﬁgﬁ?t%@%%t ﬁBm
gener at ed aschftualnbmwsar asldescﬁ'ﬁmmbalmmri gi nal sequence of N 2 pil ot
synbol s. or i al uence 2S.ti ner at e an
ext ended sg&@gﬂ %Ysllg?a@%ﬁqc’]@% orranggiffers aﬁﬂalgé’% M pephich
interlace Hre%s&d%ﬂ%ldcﬁh@éﬁl‘&@'m pﬁl@)@s tﬁe@@&ﬁ’db@?@s mmte¥1ace y are tg1hvcs>n indices

frequency-transl ated sequence. 4. Append a cyclic pre
f r equency- of Aflypraged ajlécfcl@pcléﬂlmedgmmsm ibséte. Fhe irst subset contams subbands

1 through N/2 in the lower half of the system bandwidth, and the second subset
contains subbands N/2+1 through N in the upper half of the system bandwidth. The

subbands in each subset are spaced apart by S subbands. 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 IFDMA symbol for the assigned
subband subset and transmits this IFDMA symbol on the subband subset.

[0069] AnIFDMA éymbol 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. -



| FDVA syrrbol [0065] FIG 8B shows distributed pilots for

transmttey with LFDMA, which are also called

LFDVA pi | ots a‘)'Fffjulgnggéubbands I n subband group v are gi vg%f/?:]%%}la@é%q%sf
| through N and are partitioned into tvvo subsets. The first subset
contains subbands with odd- nunbered inditfes, and the second subset
cont ai ns subbands w th even-nunbered indices. The subbands in each
subset are spaced apart by two subbands, and the subbands in the
first subset 6&r dPevfotmeat Kmoimﬁ@fgumbﬁwc[{fﬁaqmndyeiomaiblvalrudsaridlzetrheralues to
second subset. T nsmitter ass ned the first subset with N2
subbands, and tr’ CYEFn ‘ie‘?éﬁ Py E%‘E‘Tﬂi‘“c? subset with N2
subbands. Each, AgpeRérd tohelic Gestsd @6 Be m&@ﬁmhF%:ﬁB%OIgeﬂe%e 4he pilot
assi gned subband subset and transmits this LFDVA 'synbol ©on th

subband subset . TFBYEEFYRAOLFDMA synbol for a distributed pil ot maybe
generated as follows. 1. Forman original sequence of N2 pilot
synbol s. 2.Stemsr3 (ﬂil'mlél @FHBOUﬁ arh einpilaz tpithe stepy porfbsnddotooptrerate Wh . FDMA

the N T PommbEnaliR e B4R B So o BT BB, obands 1 n
the assi gnesyos ubsEIG.29R sKewR 16@51%&911@{@%%&% Kand ﬁlv!lth’é‘u\‘m HWHich

subbands. 4. Performa K-point |IDFT on the K frequency-donmain val’ ues

and zero varydso t:aileddmeélizsad EFDM pilots. dheRN suthandioimes bandtgyo,up v are given
| 5
ooy oo ¢ PRI it NGl 0 bindiBadd e WIF SHRER! P RSE DR pgpins

a di stri butseltbapdd dthrongh DE/ Z}Bﬂﬁé&é\eﬁi‘ }hﬁ'oﬂtﬁwbu‘tﬁaﬁd Buphdahé ScdAd subset
sequence of N2 pi {%ot synbols to generate an extended sequence of N

pi | ot symb&PYRDE v &2 il obeQueboN g the sppemhait aﬁﬂaﬁes'fobamtgr@upaﬂhe
[0067] As shsifad gl é}'cﬁ@ubs%?‘aﬁ[jhﬁ#ént th %ﬁeg.g aél] bﬂm@%& é} gtrl] Sﬁ%ﬁed th& first

transmtters 1 an occupy erent subband sub
not i nterf enlseiwvith Wri2 swhbdrtdsy andTinmsmiteer e i enssigesd the Recont&ubset with N/2

conpl enent ar recover th, t.ri but ed | Lot from each
i rgﬁsm ttefd %&E&qjg@&i tﬁgﬂmﬁ'@f gEherates apl?otiﬁ)MA symbol or its subband subset and

transmits this LEFDMA symbol on the subband subset.
[0071]  An LFDMA symbol for a localized pilot may be generated as follows.

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

2. Perform a DFT on the N/2 pilot symbols to obtain N/2 frequency-domain
values.

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 X 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



[0068] FIG 9A shows localized pilots for transmtters 1 and 2 with

| FDVA, "‘hiﬁazoo%flgsz%so called localized | FDVA pil ots. Thgcﬂvgbgg)@ﬁq%
inintérlace u are given indices of 1 throdgh N and are partitione
into two subsets. The first subset contains subbands 1 through N2
in the lower half of the system bandwi dt!f, and the second subset

cont ai ns subbands N 2+1 through N in the upper half of the system
bandwi dt h. The subbands in each subset are spaced apart by S
subbands. Tnamen. t Datritinteds ab bcglived pilots mby rlsb teyjeaettedi foh ERDBAIA, e.g., in

subbands, and transmtt i S..assi gn ecand. set with N2
subbands. %Hlefsrséwglﬁﬁ?ﬁ%ﬁt%ﬁm?‘i?@(g’eg‘gmqﬂ%@i%ol for the
assigned SobIENd FUBSERA Iduil 9BSIHbHSa bideSn WM GL IO Bt iBRsmitter is
subband subset. [0069] An IF synbol for a localrzed pilot maybe

gener at ed assigudd dIW subbandsofompilot Radsgiissidn. Sogmeed, thé N\qubbpidsth a given
synbols. 2..Replicate,the original sequence S tines to generate an
ext ended setﬂ’ﬁeéﬁ'E%uWthmﬁmaYﬁ’epﬁ%ﬁﬁte Wr@@l%‘.ls@*? IR RREeE  BRerQdisersiyaay

K/'2 pilot syuupgbsied ﬁm‘%ﬁ:&l@inﬂn’lﬁ/e?of gu%ﬁéﬁ@&i‘dﬁ?e?@dt'ﬁum%@fs%ub%ﬁs. Each user

frequency-domai n val ues are non-zero and the remnalning

f r equency- dossbaalioshigd SN AQesubbarls iEQduseintdger Hivisoe pENI driapprolaimabely 4N / Q
Map the K/ 2 frequency-donmain val ues such that the N 2 non-zero
frequency- SB%‘??&H% 11,/Q)15 @st & wiegsh diviser of & NFor exagipleif Nishésad Q3. Hben

assigned s —.o..Map zero yal ues. qnt o, t.he .r emai ni ng.,s S.
2006/ 1382039‘%%&%%%:&16&5? ocated 3 3, ppd %8}1'?11?3'3 ke EJB? ﬂ{hﬁu%g’%gr?)’{#?\g &
f requency- qRIBBLADNAA YRSbEANEr ZRh IranahitRs nlag beQRhahidd as m&t?ﬁfe?ﬁ(}?fsmlsing

ti me-domai n_out put sanples. 7. Append a cyclic prefix to
ti me- donai APEehred cangiicaher ate the pilot | FDMA synbol . Steps 3

t hrough 6 ar e raed nerate..a
POV syriol hat T b sBbdll il 48 BBk O TR By B8 PR R above
subbands. [fQOFHS. BAGhr@ighSEoVE denaal, ifresilqy ishlﬁiiaﬁl dé grayfor ﬁm?lﬂolt beﬁSuHSﬁt of
and 2 with _LF , i ¢h re also call.ed | ocalized LFDVA pilots. The
N subbands_@%%ﬁﬁ%%@'r f@ﬂ%@méqr& é‘?\i@ﬁ’t SPbRINER snayt hayer the GagR o different
are partiti@pedided) RedutfcysiPeRhanthe ahih salbaapdset contains

[0075]  In the description above, the data and pilot SC-FDMA symbols have the

same duration, and each data SC-FDMA symbol and each pilot SC-FDMA symbol are

transmitted in K +C sample periods. Data and pilot SC-FDMA symbols of different

e

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 symbdl 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 ITFDMA symbo] 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



subbands 1 through N/ 2 in the |ower half of thehsubband group, and
t he secon ont ai ns subbands N 2+1 through N in

hal f of tﬁ@g@%ﬁ%’ﬁ Egroup. The® subbands in each subset %&gmg@?‘g@éﬁ%s
to one another. Transmitter 1 is assigned the first subset with N2
subbands, and transmitter 2 is assignedl8he second subset with N 2
subbands. Each transmtter generates a pilot LFDVA synmbol for its
subband subset and transmts this LFDVA synbol on the subband

subset . [ 0C0miflerAsubliDi ferytimb glilof, ovitla ehchcwider eubhpnd btving Hatcegbaeriathest a

foll . . 1. Forman_orjgjn equence of N2 pilot synbols. 2.
ngfgrmO\gsDﬁ‘anﬂ ??P?&Rﬁ?fﬁh?qﬁ?gg I's to obtain N2 frequency-domain
. 3. h ' it 0
val ues. 3. [Mxrs)t hepdy 2 shBﬁ&iéﬁn%myrﬁbM,a%%%%ﬁugrgh Gs %‘%Rgé"{% 3 N/

subbands in the assigned subset and map zero v nto t
2 remai ni ngviSeibbibhes that mrer dseigned indigeeiaft] EDEIEOMN Ahe Tansmitter 1 may be

frequency-donai n val ues an e val.ues btajn a sequyence. of K

ti rrg domgi r?g%%?ﬁgu? a%ﬁﬁﬁ}l@gg Og %pé"ﬁ t as“(afgﬁqq%cwﬁjle?‘ﬁeﬁ‘ %Fﬁ?@ indices, and
time- donai NraBQAHRR Centag KICRRE e 4 B oRE | sAbset [JFONR 4S ¥ARL! sub B Swith odd-
through 5 above are for generation of an LFDVA synmbol that 1s

al | ocat ed mMumbsredsipdingnds Aoghorésmed HeFIXMido tsaiinbsl tfduaad&istr{bﬁﬁcﬂ]bi_lﬁﬁmay be
clarity, exeml hods of generating distributed pilots wt
| FDVA ~ and SFD &ésr,]ﬁ Ogv(r%'erati ng localized pilots with | FDMA and LFDVA

have been descrj bed above, The distributed and | ocalized pilots may
al so be genergt Eﬂ@ﬁnwl%u%@%ﬁf‘g@ﬁomﬂ%ﬁoow 022728 17 f
manners. Di sty éﬁm e n ] :
EFDVA, e.g., Zlnw%ﬁ%?pglygﬁﬁl{ﬂg F?gp Pkllﬁ escsr @bgﬂatﬁaﬁbggg %@%8{3%13

LFDVA. [0073] FMases.8A t hrough 9B show a case in which Q = 2 and each

transmtter i SSj 2 subbands. fo ilot tr m ssion, | .
general , the :il g@%@%@qﬁ%gqlgp% Om@ﬁ@?elgecﬁg%#gy%&%og’ %961??@33 in the
al | ocat ed to t hassiriedefibset ndidp BBONEIues ThS 1§ HERIEndWider S8pAhAOCat ed
t he sane nunber of subbands or different numbers of sSubbands. Each

user may be ‘bl Pedemea K/ 2cpeinbBaRfson theQki/2 fwquencyglomaiti velses and zéto
or appr oxi mat el y.Ne{ +:Qbtain 2 sequence of K /2 time-domain output samples.

5. Append a cyclic prefix to the time-domain sequence to generate the shortened
pilot LFDMA symbol.

[0079]  For LFDMA, the pilot and data from transmitters 1 and 2 are sent on the
same subband group. The N/2 wider pilot subbands occupy the same portion of the
system bandwidth as the N normal data subbands. For IFDMA, there is no direct
mapping between the wider pilot subbands and the normal data subbands for a given
mterlace. 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 pﬂdt transmission. Transmiséion scheme 1000

may also be used in combination with CDM. Multiple (L) pilot symbol periods with



subbands if Qis not an integer divisor of N For exanple, if N = 16

and Q = 3 ee transmitters may be allocated 5,
subbands. '“1_(?'9&)'31 ézﬁél DMA symbol or  pilot LFDVA symbol fg(r:’rli'lgﬁhr1(’6"022728

transmtter nmay be generated as shown in FIG 3A using DFT-based
construction. [0074] The pilot subbands!®ay be a subset of the data
subbands, as described above for FIGS. 8A through 9B. In general,
the pilot subbands may or nay not be a subset of the data subbands.
Furt her nor eshont¢red1pa1ﬁmt ey isaaiticated Yorhpile ttanemisaion, whedi I iefeength of the

e.g., Wwder C ac the data subbands. [0075] In the
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durati on, a[omslqac hF@&aélan%C %M,VCBM A8fbRRE *lmH llzgf?pg@\%ﬁ{épﬂbve
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are transmtted i,n ND sanpl e periods each Il ot SC-FDMA s
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specific esdaspfos, pﬂﬁtntm;;nshnss&quaindt anch iPans@itterymbe tefualt o ﬂai; ubigg its

may be equal K+C=544, a may_..be. e K/ 2+C=288. Each at a

SC. FDIVA g;ﬁﬁb@edrﬁvh‘iﬁ?nﬁl gs "a s@lFFHBP %’E%ID%P o, jenEyerace way be

shown in FP@m%ﬁed){nt@B) s@s@@t@'ﬁhleﬁ b%é‘tfﬁ&ﬂt]ag%ﬂﬁa%%mel Zgagxﬁ)%a&ﬁ-

shown in FIG 3A or a data EFDVA synbol e genera

shown i n FEGt nB¥k be[\ddférhlyAdistaibues acipkethe X @itdl GhibiadE B&ﬁme@q&w Qs
hal f the duration of a data SC FDVA synmbol (not counting the cyclic

prefix). | aukbands. cBerea dishibutedaleEOMApilast abuhm@@ﬁﬁipjlﬁsﬁbﬁpamuoned into Q
PCT/ US2006§19%&Z%§11:]1%§%1}1%§§J ubggggp% f.or Yﬁ{?@ h &h¥ﬁ%% gp%ee@

subband having twce

data. [0078harFey QPsubbadd. ehsich b%%dm pild, S ARELe FAHR Pattitioned into
conposed of N 2

Q subsets, with each subset containing approximately N/Q subbands that may be
distributed across K/Q subbands and spaced apart by S subbands. For a localized
LFDMA pilot, a subband group may be partitioned into Q subsets, with each subset
containing approximately 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, eaeh 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, =&, for n=1,..,P, ' Eq (2)



wi der subbands that are assigned indices of 1 through N 2.

Transm tt assigned a first subset of N4 wd

with evenﬁ%%%ogﬁé%gi?ndi ces, and transnitter 2 may be asg{:gﬁgg}@&g%s
second subset of N4 w der subbands with odd- nunbered indices. A
shortened LFDVA synbol for a distributedOilot nmay be generated as
follows. 1. Forman original sequence of N/ 4 pilot synbols. 2.
Performa DFT on the N4 pilot synbols to obtain N4 frequency-donain

val ues. 3. wispe PHe the humbdrrefqpiloh eymblslsmiPris \eghal@s N firGhé MOMN ahd €DMIG8Tot
subbands in i and map zero_values onto the

he Ssi gn ubset h
remai ni ng Wi ess%’ﬁﬁ'&%ﬂzﬁ(} + > pBf OoFspectinely, ael iseanalte 142 tfhe the/exemplary
frequency- 1 . | i se ce,of L K/
2 i domaynrtied Sl RaRd A Sotehfls 45uh By BRGSO BrSd B Tubonsse o,
ti me- donai qn%egg&gﬁ,@dbgs ed pilot LFDVA synbol .
[ 0079] For LFDWVA, the pielgg}?e%gtgﬁgg?gle??géﬁgénsmtters 1 and 2 are
sent on the sane subband group. The N2 wi der pilot subbands occupy
the sanme portionp,of 7zt fre—Dsyst em bandwi dth as the N normal data  Egq(3)
subbands. For |IFDVA, there is no direct nmapping between the w der
pi | ot subbands and the normal data subbands for a given interlace. N
w der pilot sublpmg-freyDbe formed with two interlaces and all ocatByd4)
to four transmitters assigned to these two interlaces. Each of the
four transmtters may be assigned N4 wi der pilot subbands that are
uni formy spaced?.aeods tthdzsystBin, bandwi dth. Each transmitter nig(5)
generate a shortened | FDVA synbol for a distributed pilot, e.g., as
descri bed above for .the shortened pilot LFDVA synbol, except that the
N 4 frequency- donai havékudl - Qf/® nafydbven ,di fferent wi der pil ot
subbands. [0080]%=TT anspi ssj on_schene 1000 may be used to reduce t g (6)
amount of overhead f% ”T)i)'ﬁt‘.q/ orf&Paddie, a single pilot synbol
period with a duration that is shorter than a data synbol period may

ol so be. userRieh (58 FEF GieiRlaBa bR | etion 5 e Cplog seiience
periods W haion39PR/E58 28 @equeﬂgggqyﬁﬁ)%o(% ¥Rl 494 s%auence, and equation (6) is

for a Chu sequence. The P3, P4 and Chu sequences can have any arbitrary length.
[0083] The pilot symbols may also be generated as follows:

Pletyram =Pen=€"" ,  for£=1,..,T and m=1,..,T. Eq (7)
The phase @, ,, may be derived based on any one of the following:
Oy =27 (L=1)-(m-1)/T , Eq (8)

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

{(n—/T).(T—2£+1)-[(T—1)/2—(m-1)] for Teven ,
Do = Eq (10)

(#Z/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.



shorter duration may be allocated for pilot transm ssion, where L is

t he | engt {i’h&fz@yﬁfgz&r\/} hogonal code used for the CDM pil o{, T/bgﬁﬁélzz?&r

clarity, distributed and localized pilot sc enes ave
been specifically described above for a sinple case with two
transmtters. In general, these pilot Séhenes may be used for any
nunber of transmtters. For the TDM pilot schene, Qtransmtters may
be assigned Q different synbol periods used for pilot transm ssion,
and each trA84}i t t #GAY showmamrocess $1¢0 paforardibyse msngRactoSy et é,ﬂot

period. For .t CDM | chenme, Qtrangntters may be assigned
different o %’3 DA 4090’3@@}63’5’“3}310%*? ﬁﬁ@imﬁw defiem among

transm tt erguBBahd drinfheRl u i n
code. For asudl st rléegﬂ'?gengef FDME\deb%k f{alrr?gl nﬁ?l%@g&%a&g 1953; Qgrt?fbg daa

i nto Q subsw&bbandgjte he vsadfos dits @anmslem oi (%) pdppsﬂvkanﬂstte by sMré@ by multiple

subbands t | formy dist r,0S
sﬂbbands antp E’B? %Sd?a P Wsré’ssmg é‘ﬁ'g”&’u LX 95125‘5(@?18&%%155%3@&’
pi lot, a sudbbads gﬁ@gibdflﬁypﬂ& m&ﬁﬁstsio@ne@lmm& Qelbted HORLISongMht 0 §bInd

subset cont ahnl n%HmpErom mat el y %subbands that may be spaced
apart by QS¥b¥t: éﬁﬁthafhﬁéﬁségﬂeééu Aot i dajermingd (binckrllage ey TOM

partitionedyi cho: aj_ni-ng...

appr oxi matceh dEI\II?I(S S ba @;S% ﬂy\%%gmgd%bagmg% ﬁ' Pgﬁt{]%adm%srsg’gsls RAw3l to the set

subbands arof sehizndsl am@eti fmytr&smﬂsbmﬂdﬁd PRON. aF&nOé;dits)trﬁ)?ﬁbd drﬁt@hzﬂﬁzed Eﬂot
subsets, with eac

il ot, band tit d t

Subset " cortaai i 2B OF: 78 FW@' Sﬁﬁﬁééé‘haﬁgmmﬁumam@w % ©
d

oY 125, ot U8, Ao e8GR B ERSHMLETS e B

gi ven subba‘mﬂlgs:ﬁinsmﬁtad (z)evm mmmechAI eEBMA &6t lﬁbh@HFDEﬁKPEFDMA/

each transm.t g{ a Its pilot on its assgned subset of

subbands. ]ls‘Pﬁ %Y Sygﬁ%@)é"’hﬁ@tﬁ‘iﬂ%@mm S&EDM;% spabeiphmve

SyITbO| may tﬁhesanﬁedr%?ff&@n{ &lﬂaﬁ(ﬁls, Lgoac}n' hﬁgﬁaﬁé ﬁ% %/gg) g%(}'fo&weg for

M QAM and so on he pi osmaya
pol yphase 9@@1@11@@],&11%1@@-]?131\/&& setpueniilézes Iﬁaquenbghomﬁﬂg terrporal

characteri a con n domai n enyel op good
spectral aé#s%it ’{\squélgm(ee gpﬁ égﬂﬂgglsf Pegtnerisd, s‘b%cﬁ}aé‘?ﬁ%] °11Fftl)rPOlYPl’-lalSe
exanpl e, th uanéep 15&@‘@91 : heqeaee ralied:

forn=l, ..., B O 2006/ 13820 BRe ety Sconi fhs G pilbt Sﬁﬂb‘ﬂ for each

symbols for a TDM or CDM pilot with N pilot subbands or 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 symbo] 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).



20 where P is the nunber of pilot synbols. P iz gqual to N for the
TDM and CQ% | chenmes shown in FIGS. 5 an resp

I s equal Rpogﬂ%aozpost he exenplary distributed ahd Iocaeﬁ?‘tz"lg}égipole%??%
schenes shovvn in FIGS. 8A through 9B. The phase gp" may be derived
based on any one of the following: P'=n"2n-1)'n, Eq(3) P'K. (n-1)2
Eq(4) =n"[(n-1)(n-P-1)] Eq(5) 17r.(n-1)2.Q/P for P even = Eq (6)
9.(n-1)nQ /P forPodd. In equation (6), Q and P are relatively prine.
Equation (3) is Z.oChknnel ®skinsstipence, = equation (4) is for a P3
sequence, equation (5) 1s for a P4 sequence, and equation (6) is for
a Chu sequeiogy] ThRePe%nn%’ 4)&@!9% Cﬁw qe%‘%&%rcl%@ Qae/l‘angélyes Pﬁ]h:frr't%;%ach
| ength. [0083] The pil nmbol's may al so be geher a

P(e-,). T+, recgiyve mtem@JbSZc esmmatésdhe Charinel responst hetvdeem eath transmittr and=that

]g Z,|) | O\Tmhﬁgpf}gé&vec U? )?@f\&ed o Sesdm%? shatd. the. gan?g tl;[ng—ﬁ'equency block

~(re/ T (T- ant&h)e[y(ﬂu Tek(tﬁfbﬁ%ﬂlots kel &)DM{ OJDM ﬁPbId 3f3ti=bM l&s la)séc%ib(e&"aﬂ&xk
for T even (7C/T)(T2 2+1) [ (T- 2)/ (m1) f’or Todd . 10) Equation
(8) is for Bechrehaine coptigmier tha qopplémertiay é\ermlltlpqugnw, dam\das a

equati on (4 f the Fra

and Px sequininst Ssthilie ?gr%%liﬁfﬂégﬁam@f# Sging s ffnct fpond Yook

posi tive i r0eRfir . WBE202GhBSAGHoERET 11D QRALARATES a &hmﬁ&%&ﬂnaﬁk %r dde
shows a process 1]t00 perfornmed by a transmitter to transmt pilo

and data i ToThE SHEBRmOsSAmatR the reeronss 0&%%51@% clspelefos arh @'mlsmltter
anong the %aséﬂlﬁipl%gll&ﬁre&eﬂréd ﬂ@ﬂlgﬁ %n curﬂtg)cha\:l}gﬁl% SHORAW: one
S e used for

set may contain (1) data subban ransm ssion

or (2) pil deshppenesblock biaredhby QdIduymIttﬁlrs isplescribed below.
[0089] The channel estimator receives an SC-FDMA symbol for the associated

antenna in each symbol period and undoes the TDM or CDM performed for the pilot
(block 1210). For the TDM pilot scheme shown in FIG. 5, Q received pilot SC-FDMA
symbols are obtained in Q symbol periods from the Q transmitiers, and the received
pilot SC-FDMA. symbol for each transmitter is processed to derive a channel estimate
for that transmiiter. For the CDM pilot scheme shown in FIG. 6, Q received SC-FDMA
symbols containing the CDM pilots from the Q transmiiters are multiplied with Q
orthogonal codes assigned to these transmitters and accumulated to obtain Q received
pilot SC-FDMA symbols for the Q transmitters. For the distributed and localized pilot
schemes shown in FIGS. 7 throngh 9B, one received pilot SC-FDMA symbol may be
obtained in one symbol period for the Q transmitters, and the received pilot SC-FDMA
symbol is processed 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 sampies 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.



transmtters for pilot transm ssion. For a distributed or |ocalized
pilot, a t P subbands assigned for pilot transnssion, which
is select 3@8?&8{}3’{&%ng the Q subband subsets forned w t%éT/ngobﬁlozzns
assi gned subband set, is determ ned (block 1112). For a TDM or CDM
pilot, the subset of subbands assigned fa3r pilot transm ssion is

equal to the set of subbands assigned for transm ssion, and P = N
For a distributed or localized pilot, @1 and P may be equal to N Q

The subband[0§1] and?hS?ﬂ%b%@orﬁdH@Qtr%ﬁﬁﬁ@s aftedrtd@endl o Ghb taﬁ‘étﬁ&ltdq[e to use

manners dependi hg on whet her a distributed or localized pilo

bei ng trans®h W@ﬁ CIyMy el FPMDMERhe received pipORspesofor Inphsmiitter 72 may be
| FDVWY LF ivertieDMA i's used by the system (3) whether the data and
pilot SCF synbol s have the same or different durations, and so
on. Blocks 1110 and 1112 may be perfornmed for each tinme slot if the

Q FDVA syst em ut Rf (RyesHf r@uengy+hopi ng. [ 008g] 1A gequence of pil
synbol s i s generated, e.’g@? bgsgd 6§@a pol yphase sefuence (bl ockmf(u)
1114). This sequence typically contains one pilot synmbol for each

subband usewhdrer Pf(i) & a pil @naliesehity: tranefitess APh Subbhheisequence may
contain N pilot 'symbols for a TDMor COM pilot with N pilot subbands

or N2 pilot synHgl &) 3ra eomples ighinbfiof G WireleQCHahA& theBldetiratsibtieNi2 and
pi |l ot subbands. Data synbols are al so generated in the normal manner
(bl ock 1116). [0086] récgiwd atterfia+HuNYbBaddel is generated with the
sequence of pilot synbols _and _such that these pilot synbols occupy

t he subbands use® §dris pracsived pHlpkvalussirem reqebectikenta t & sublaengd kSC- FDVA
synbol s are gene&iscgd with the data synbols and such that these data
synbol s occupy t db B Tese Qadecorv anienga € Aprsbband/pradk 1120). For a
CDM pilot, multiple scaled pilot SCF synbol s are generat ed based
on the pilot SCG# egg%&%]%gﬁotasﬁb frogonal code assigned to the
transmtter. The data SC- FDVA synmbols are nultiplexed with the pil ot
SC- FDVA sy oo kimpdictly,, the sbisg nEDNMeassumdtoiorbe ad dffivewiBieaRanbsias noisd

as shown in E{ G 6 gl??%ﬁk 1122%.6é?1e mul tiplexed data and pil ot
SC- FDMA sy Bot SraPE AHHAPER ObHe-t he assi gned tine-frequency bl ock
(bl ock 112490920 20REKIRAROGFPGT hiSeR0DE4 QeRAdE: K 28ceived YAMARTE! the K total

Estimation ) ]
subbands. Only P received pilot values for the P pilot subbands used by transmitter m

are retained, and the remaining K —P received values are discarded (block 1216). P is
equal to N for the TDM and CDM pilot schemes and is equal to N/Q for the
distributed and localized pilot schemes. Different pilot subbands are used for the TDM,
CDM, distributed and localized pilot schemes and hence different received pilot values
are retained for different pilot schemes. Furthermore, different pilot subbands are used
by different transmitters for the distributed and localized pilot schemes and hence
different received pilot values are retained for different transmitters.

[0093] The channel estimator may estimate the channel frequency response for
transmitter m using various channel estimation techniques such as an MMSE technique,r
a least-squares (LS) technique, and so on. The channel estimator derives P channel gain
estimates for the P pilot subbands used by transmitter 7 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:



[0087] Referring back to FIG 1, at receiver 150, a channel esti mator
for each ej ntenna 152 estinmates the channel response between
each tran%??"gl}ﬁ%&ﬁﬁ*that receive antenna. Miultiple (Q)P?T’Hﬁ%qw?%zé%ss
may share the sanme time-frequency block and may multiplex their
pilots using TDOM CDM |FDM or LFDM as Hescribed above. Each
channel estimator perforns the conplenentary denultipl exing and
derives a channel estimate for each of the Qtransmtters sharing
this ti ne-frequerlcmy bl ockr h0p b HG 12 shows a process 1200
perforned by a c%ﬁ’ﬁ@)ﬁgﬁb&hor one for écekye antenna to esti nid@2)
t he response of the wire cHénnel for each transnitter based on
the pilot received fromthat transmtter. For clarity, channel

estimation for G 44 MB-frequency bl ock shared by Qtransmitters is
doscribed BERSHA eé%)a}s reiangplgaik pstimaly hehwsen ransaitieryn and sGeivpRntenna r

synbol for the ssg%i ated, ,,%ntenna in 1each synbol_ period and undoes
the TDM or f[ebﬁ}fb%é’tl 6PREd T orfeRIeS pePRplox ConigeRie Fpotie B feohniguepm initial
pi | ot SCherEeg&B@ﬁ‘}ebﬁbnEé ;gg_\ﬁngtega&ggﬁgﬂ%qt@%@&wéc FDMA synbols are

obtained in synbol” periods from ransmtters, and the

received pilot SC FDVA synmbol for each transmtter is processed to
derive a channel sgstimaRE(k)f or that transmitter. For the CDM pil ot
scheme shown in ‘Eﬁ@ik)b“ jecei ved SG FONR £€/pel s cont ai ni ng t h&q(13)
CDM pilots fromthe Qtransmtters are multiplied with Q orthogonal
codes assigned to these transmtters and accunul ated to obtain Q

recei ved [{00%#] SCTEDiviislyfitrplescy fospéiie eRimb@NBALANCP Thafr@l ohif€ for the P
distri buted.andbbgnc lized pilot schemes shown in FIGS. 7 tﬁrough 9B,
one recei v@FopFY -ﬁH\W@%ﬁ’H@*POﬁﬁ%/O%@G varless shennehmey de shetaolerized by
period for gt Quit | edn recey ' - F S

i's processed@g_ dereﬁzngﬁ hgﬁnlg glé%l ?lenht‘g ?E)a\r/ﬂﬁgla%hﬁ@%e ? %QO%XASSW%‘@%JW
transm tt etgnsudieo 6] mEh de clerimerdtbased tonrthe Brchammad e dstimates el asippef lexst-

rocerved SCIFRHISY B uaADd ethded Bt LR F e Gon ghane
G Fowe. sy AbBouaP abr MRSyt BB G Rt e Gty B B0 R Bpoct on
that receigysg; «iﬁ%a }%E&Hse(egﬂhﬁﬁtlé Qs%éﬂgw .The channel esti mator

e tlﬂgtl non receive pl?

perfornms channe ot val ues obtained from
the received pilot SCFDVA synbol (s). The channel estimator al so

provi des to RX t.i ahrapRQCe H recei ved data val ues obtai ned
fromthe recei vﬁda P@@P‘Bm 15. For clarity, channel %‘I(M)

where ﬂ;;; isan Px1 vector containing ﬁ,f,’,,(k) or I—:T;f:’,'f‘" (k) for ke X',

W5, is a sub-matrix of a Fourier mattix W, ;
Als .« . o

h1,q isan Lx1 vector containing k2 (n) for n=1,...,L; and

“H> denotes a conjugate transpose,

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

a0
K

S, =e , foru=1,..,K and v=1,..,K, Eq (15)

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

W, contains the first L elements of the corresponding row of Wy, . £ fm contains

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



estimation for one transmitter rn is described bel ow. WO 2006/ 138206
PCT/ US200 7 3 [0091] The pilots fromthe Q transp] r r
orthogbna%‘?g&lgﬁgﬂg other due to use of TDx¥f CDM | FDM g#%fhgﬁ%ﬁ&?ﬁ@
received pilot values for transmtter in may be given as:

R (k)=Hm, (k) Pm(k) +Nr (k) , for KEK, , E®511) where P. (lc) is a

pil ot value sent by transmitter mon subband k; IIm, (k) is a conplex
gain for the wireless channel between transmtter mand receive

antenna r fgpo bbqﬂpl\h\'% , 1%5%{, iﬁ]f!fb ecel il I O Phmuse
receive antg{mg]ur for su Ea% '?1 rz{?)&lgéo\ﬁ?ge no?ttsee‘)é%%q?é%p& ?'f (k) for
antenna r fgrsubpangs ke qaiebali 1e subset of P pilot subbands.

For sinplicity, the o1 S 6 mayl%ge lzosvg%rred to be additive white

Gaussi an noise (AWGN) with zero nmean and a vari ance of No. [0092]

The K-point DFT pgri~bl 4 pgOoVvi ~rviecei ved val ues for the

t ot al subbands.Eaﬁly?ﬂg‘%ﬁ’fw L’ﬁﬁﬁ’i‘ tues for the P pilot I%q(m)
subbands used by transmtter m are retained, and the remaining K-P

recei ved vakngs Mg diaacrdeablhatnd it ofn%é? afiRdrrd:hol) THF ATPEN,

TDM and CDM pi | of 'Schenes and 1's equal t I'stri
and | ocal i zNd, pinkpbe $ERRMRSN, Dif Ferenihepé hgts tibRaRdsrans. Ugadyd;
the TDM CDI\/lL distributed and | ocal’ized tpf)vialsc’)t schenes and hgﬁgilﬁ{IDFT

di fferent rmaeelsedegicrbimedbndbe il fejuandietsporke ditlthsie @hlobid 8tchannel
schenmes. Furt h@r nore, dif.ferent Bi | ot subbands are used by different

transnitter'SPH Pf%%@niﬁﬂéﬁmﬁﬁaw&la &8 | ocal i zed pi | ot schenes and
hence di f flgost r?ﬁ@bﬂ%ﬂlepéétﬁﬁatgﬁfnﬁf?gﬁf)ﬁn rfﬁéeﬂhggﬂdn@fgo%ﬁéé%ﬁ%%g}l the

transmtters, [0093] The channel est tor may e
frequency riagigbfcauengy respoass sitinaie and/onsheghaerel dupulsh asspehse estimate to

Cimati _ . E : | o

()t echniB ARt A s e it SR St dhe EStue idieiaped on
i ti npfhese hgiuldehe b $eh '

gﬁl ?hee; Irecei ve%@;oi | ot Sﬂa\l}g‘? EFeIg)f or ,?ﬁgﬁ%ﬂﬁﬁﬁ%i&%%%ﬁﬁrgéﬁwﬁgng

or LS t echrfiRfidyRaspiodiers n gy enprofivgens, trumvsiion weyiie gatformaed forrktaimmdnly the
frequency rsPORRS o29id MhAelTpulS [A5bhytdiRARed Ol r%;tﬁ%ce the remaining taps

with zeros. In another embodiment, thresholding may be performed to zero out channel

taps having low energy below a predetermined threshold. The threshold 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 technigues.

[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.
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a conpl ex conjugate. For the LS techniq®, an initial frequency
response estimate maybe derived as follows: P H,, (k) = P(k) for k e
KP . Eq (13) [0094] The initial frequency response estimate contains
-P channel gai ns 3.0i8pabial Blukigletingubbands. The i npul se response of

the wirel ess channel nay be characterized by L taps, where L nmay be
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(k) or Hm Rafkbhe éxpieskedasK ; WPXL is a sub-matrix of a Fourier matrix

WKxK ; Lx, is an L x | vector containing hm- ,(n) for n =1,-, L; and
"H' denotes a conjugate transpose. The Fourier matrix Wxx is defined
such that the (u, v) -tHwgfetly| fn,, is given as: -i2n<n-i)(v-1)
fn,v=e K, foru=l,..., Kand et K Eq(15) WpxL contains P rows of
VKXK cor r espondi gkt )= h@’zg”pi pt subbands. Each row of WPxL Eq (17)
contains the first L ellenents pf the correspondi ng row of WKXK . hqls
contains the L taps o k;,’fgék,lt}abst-squares channel inpul se response

estimate.
where 4, ,(k,t), for r=1,..,R, is the coupling or complex channel gain between the

single antenna at transmitter 110m and the R antennas at receiver 150 for subband % in
time slot z. A different SIMO chennel is formed between each transmitter and the
receiver. The channel response vectors for the M transmitters 110a through 110m may
be denoted as h,(%,7) through h,,(%,?), respectively.

[00100] If the number of transmitters selected for transmission (M) is less than or
equal fo the number of traffic channels in one channel set (or M <S), then the M
transmitters may be assigned different traffic channels in one channel set. If the number
of transmitters is greater than the number of traffic channels in one chanmel set (or
M>8), then these transmitiers may be assigned traffic channels from the smallest
number of channel sets. The minimum number of channel sets (Q) needed to support M
transmitter may be given as Q=] M/S|, where © [x]7 denotes a ceiling opérator that
provides an integer value that is equal to or greater than x. ¥ 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 Jeast M -(Q-1
other fransmitters,

[00101] For the Q-FDMA system, up to Q transmitters may share a given time-
frequency block. For a frequency-hopping Q-FDMA. systém, 2 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
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response ' pth L taps, Imi e(k) for it =1, ...

derived a?‘?%@?}&%@% mse H~ Hini! h Lx1 = (WPXLWPXL +,\igt51§%3?029$28
WPxLEPxI , Eq (16) where NLXL is an L x L autocovariance matrix of
noi se and interference. For AWGN, NLxL 3y be given as NLxL =No I,
where No is the noise variance. A P-point IDFT may al so be perforned
on the initial frequency response estimte to obtain a channel

i mpul se 1 esfreneacehopping. eFud sitmpRoityg ke folBAAG déﬁbﬁ%ﬁf‘diﬁ@@_gﬂ oiRSfih8BeGhency

may performfilteri and/ Qr post-processing on the initial

frequency F@Q%ﬂ?@e‘i&g’[ﬁfﬁ‘ﬁﬁ?’éﬁﬁﬁéﬁ]@'@%@- channel inpul se response

estimate toygpi rO\@?ﬁuﬁtﬁ: 'Hﬁgfﬂj i pﬁﬂ? It bl ock

1222). The gi I!tné_ari ng nma lg'gﬂ}t')lgse (%%Bﬁtguf Nl @icﬁpu eg% fggésl%doﬁegge?}:ﬁs)(z

filter, an frafsimitere shanng the saspdinsefrédueR)y bldckeind fkeisames0.otTRy MIMO
diment, truncation nay be perforned to

type of filter. .In ap epbo )

retain onl y1epRel TReY B‘F Cﬂgﬁgﬁfézﬁbﬁ e Bk &hekannehinspense meaips nldEk,?) for each
estimate a . emaknikng.taps wth zeros. In another
enbodi ment néﬁtb h@le({slﬁg#) %?’%8%‘3}&}?&% %%C?T%ngﬂatyobezeép’ées 3thannel taps

havi ng | ow energy bel ow a predeterm ned threshold. The threshold may
be conputed basHk.on=[H ¢k a0 PL. B, K] { aPSoPR d 5L the Tirst Igg g
taps of the channel inpulse response estimte. In yet another

enbodi ment, tap selection may be perfornmed to retain B best channel
taps and zewkerouk, risnthe nieh@f clbbags foapke Hh08uedibhe LIRRNN® general, each
estimator may derive a final frequency response estimate for the N
subbands i rirang@iticr mayfheegquivped withook obynuliiple aeemmap.a Adindj-drtemb tlaagmiter

P-tap chan [ timate to lepgth N .and (2)

per f or ni ngqjg%'y Ré%%ﬁ\?ﬁﬁﬁe%%ﬁﬂ ? ﬁﬁ@ﬁﬂﬁ@@%&@@%&%ﬁ%@%@m
(bl ock 1224hen Bhre ehAfRheLRk] rd |

frequency reesnponse esti matee f%@%ﬁgc%ﬁ&%ﬁgsﬁ%yéa %)@%@%&epﬁ%i r%lese
the P chamlduplgaransmigsio?tf&mla te2puftadten MShﬂae&trl(lg);]b@h%&ed in ;c]he same
approxi mati_on on t channe ain estipmates, or usi ng ot her
appr oxi nat i'BR atsélﬁﬂﬁﬁﬁlﬁ'@gsm{sﬁﬁ%ﬁg’ﬂ IWIHH{‘?é -PEePEERESEEicrat e and/ or

a channel i[opuB§e ERHPONIRe €9 lliBhfterd tﬁ&s "{]%ﬁsi&ldcﬁﬁ&”ﬁémg%nm
al so be obtained in _other manhners using other channe ?
LFDMA, or EFDMA. Receiver 150 processes the input samples from the R receive

antennas and obtains received data values. The received data values for each subband %

in each symbol period # of time slot # may be expressed as:
r(k,t,n) =Mk, ) -x(k, 2,y +0(otyn)y ,  for kek,, Eq (19)

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

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

For simplicity, the channe! response matrix H(k,7) is assumed to be constant for the

entire time slot and is not a fimction of symbol period z.
[00104] N transmit vectors, x(k,f,n) for ke X, are formed by the Q transmitters

for the N subbands in each symbol period » of time slot £ Each vector x(k,t,n)
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Spati al i ' [0099] Referring back to FIG 1, a gj - |

nﬁplti pl e%@ﬁ?ﬂtﬁﬁ?@}% channel is forred between the mﬁ%ﬁ%@ﬂ%@ﬁ#ﬁ

at each transmtter 110 and the R antennas at receiver 150. The SI MO

channel for transmtter m for m=1, ...28 M, may be characterized

by an R x|l channel response vector hm(k,t) for each subband, which

may be expressed as: hmi(k,t) hmk,t)= hm2(k,t) Eq(l7) hm R(k,t)

where hm, ¢dataihg Q dada velusslsent by thdRQ trirfndifhs ©8WRbbA- Pl :55/'13{3?]& gérciioq[ r of
n e

channel gaip begween the single antenna at transmitter |
R ant ennas ZW€pEEGI ver 150 for subband k in tine slot t. A different

The channel | eelontoRyEE JEReR et CEae) WL e PEQTIeetofr iR B AHbspds it

be d : d ot ti ..
[00100] 11 CEa yaBolberibiin dekadERYHRL Bichvelir r(fh £3F SRURRE R ispoips dute
is | ess thavaltds otesiHed visOthehR WuHARY aPteckivaf 156 HHBROEISHaLA iR rbgig symbol

channel set (or, M<_ S), then the M transmtters may be assign
different tPef| FOE RV Sibbandbheyotvahpertiodmtand time Het nuhdpth datd value in

hanon serd ek SO0t e SRURE b o 01 o
i rum munbar Uk BfhoEB e B8or pUHERES  chaeC I RR valReR R v apbich
o ovi dos. ant? etehy Qe MBSt SPRERep he I Bais BERGEA 0
rans &t ortnpearOacoRt B D HERE 1ol AL IR b R ol i HREL. Tne
Ot her e B Fis R 2 e bonp B brnc
transmtters may share a given tinme- frequency &l ock. For a

fr equency- HEREFN & (& ronvtireyeh &q{k. airdyi Gio bl tahs ty@ss,n). Each received data

J=l

value in r(%k,2,7) thus contains a component of each of the Q transmitted data values in
x(k,z,n). The Q data values sent simultaneously by the Q transmitters on each subband
k in each symbol period 7 of time slot ¢ thus interfere with one another at receiver 150.

[00106] Receiver 150 may use various receiver spatial processing techniques to
separate out the data transmissions sent simultaneously by the Q transmitters on each
subband in each symbol period. These receiver spatial processing techniques include a

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,2) =[H" (&, 5) - H(k, )] - B (1,0) , Bq (20)
Mmmse(ks t) =.D.mmse (ks t) ' [ﬂﬂ(k:t) E..(ks t) + 0'2 'I]-'I * .I:_[H (k: f) H Eq (2'1)
M, (k1) =D,,,(k,0)-H" (k,2) , . - Eq (22)

where D, (k,t)=diag {{H" (k,7)-H(k,#)+ o” - X -H” (k,2) - H(k, 1)} *; and



transmts on different subband sets in different time slots and
shar es tirre-freguency bl ocks with different transmitters over tine

due to t hévP2MeddtPandom-nat ure of WD 2006/ 138206 PCT/ USBEHEPH9922828

27 frequency hopping. For sinplicity, the follow ng description is
for one tinme-frequency block shared by 29ansmtters 1 through Q
[00102] A multiple-input multiple-output (MM channel is forned
between the Q transmtters sharing the sanme tinme-frequency bl ock and

recei ver 150. The, M _Gh I e.fharacterized by an R x Q
channel response%%‘&f(&%@@’qﬁﬁ&ﬁﬁh subband in the
time-frequency block, which may be expressed as: H(k,t)=[h, (k,t)

h2(k, t) ...Re@iveri$e mayfestimatotlic chpneBiesponkematrid H(k,7) fier eneh sefband based

subbands for téﬂee t.i me-f requency tﬁl ck. In general, each transmtter
may be equi PP R r&ﬁf‘é"%f_ { ep?%“&ﬁ@@ﬁﬁ@s. For glarity, - thatdsseription herein
transmtterassi¥s ho PRl egﬁﬁﬁlﬁ%rﬁ oro CRECM er SHIEP. n%tséseﬁl'gses{iﬁggfl Shannel

mul tiple antennas and would t ave one channel response Vv

H(k, t) for rspinse nwirsoit(cattordesive THeapatial iiltct nphiex.t Backssd FREOPSs héstfed
the nulti-antenna transmtter ma%/ be treated in the sane way as

mul tiple tr@nhrenstashacrosssimaplot pl e semg| patial Bheramatriznmay bearssd for all
[ 00103] Eacg,ngj -1k LtLters may transmt data and pil ot using

| FDMA, LFDVA, 0(1) .ﬁﬁ%}(ﬁzget?'ver 150 processes the input sanples

fromthe R [ﬂéwﬁlveRea&itrmﬂ:i@w@mbrﬂhﬁ:&b&ﬁvdr@pﬁa‘lﬁﬂacé@hﬁ AIWUREs: The
recei ved data val ues for each subband k 1in each synbol period n of
time slot t may beg. express s:, . r(k,t,n)=H(k, t)x(k,t,n)+n(k,t,n),
forkekd, Eq (19) XU ?&i&%’g@(kifs")a:@I vector with Q data val ues
sent by the Qtransmtters on subband kin synbol period it of timy(23)
slot t; r(k, t, n) is an:_ig(kgt,iz)vgq;k,@mgwith R recei ved data val ues
obtained via the R receive antennas for subband kin synbol period n
of time slot t; and n(k, t, n) is a noise vector for subband kin
symbol per iWeere Mi(ki) maydiecguel to AL, (&M, 5 (1) , ochdIc&mel response
matrix H(k,t) is assunmed to be constant for the entire tine slot and
is not a functi ck(kofn)sisdpol xievactot with [ A6tkOMwH ditatviahies rt subB&Idd . symbol
x(k, t, n) for k e Kd, are forned by the Qtransmtters

period n of time slot ¢ and

B(k,z,n) is the noise after the receiver spatial processing.

A detected data value is an estimate of a transmitted data value.

[00109]  The estimates from the MMSE spatial filter M, _(%,£) and the MRC spatial
filter M,,.(k,f) are unnormalized estimates of the data values in x(k,t,n). The
multiplication with the scaling matrix D, (k,#) or D, (k) 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
fransmitters 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-
antenma 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 transmifter transmitting on that subband in that time slot. The
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time slot t. [00105] N receive vectors, r(k, t, n) for k e Kd , are
obtai ned for the N subbands in each symbl period n of each time

slot t. Each vector r(k, t, n) contains R received data val ues
obtained via the R antennas at receiver 150 for one subband in one
synbol  per mattix Hgk, fh ngiywontaiibbaipe Yectdry 20! trefieg uBigng%Elﬁtcijﬁlb BRiehfto
t, the j-th data value in the vector x(k,t,n) is multiplied by the

j -th vect or frevspuhditigrent siccapisdonekiveesfbnse matrix Hk, t) to

ohich are WOTHRL s Hymapolt. the it £2h ba'SpisSing b prblionipribbyghe
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of the Q trapadiyited data values in x(k, t, n) . The Q data val ues
sent simultaneously by the Qtransmtters on each subband kin each
synbol peril881R]of Q-F nazty be usedsfor e fdrenet mid teveme linkat Fer taf reverse
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period. These receiver spatial processing techniques In
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station may perform transmitter spatial processing for terminal m, as follows:

x,(kn)=h, (k1) s, (ktn), forkek,, Eq (24)

where s,,(k,t,n) is a data symbol to be sent to terminal m on subband % in symbol
period » of time slot #; and
X, (k,t,n) is an Rx1 vector with R transmit symbols to be sent via the R

antennas to terminal 7 on subband % in symbol period # of time slot .

Eguation (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 simultanecusly using zero-forcing beamforming
and may form a beam for the first user such that the other user lies in the mull 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. Tlie 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
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both. Different sets of transmtters may al so be assigned to a given
subband set™*different tine slots.

[00115] Orthogonal pilots may be sent on the forward and reverse links to facilitate

=5

L€

channel estimation. Multiple terminals sharing the same time-frequency block may
send orthogonal pilots to a given base station. Muliiple base stations may also send
orthogonal pilots to a given terminal, e.g., during handoff, The orthogonal pilots may

be sent using any of the pilot transmission schemes described herein.

4. H-ARQ Transmission

[00116] The Q-FDMA system may employ hybrid automatic 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 cailed 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 exarmple shown in

FIG. 13, each data block is sent in one time slot.
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Sat al " pr ceEsl rseisdaad resmise drabiogks fid ke msimiliramny al o

Phe “base. STOIPEP omIC 190 BRI s asiRbd dHe BHOCRE Rrle AT ipSice for

zer o- f or ci rgclbelask trnsmigsiomn Tontpréverdaandd editivAtion, thetrfrisfriter 4s/ traldghit

. ' ' hi beam and observes no
}[ 2? ter ]E 2? eﬁ%‘ﬁﬁg%fﬁ%{rﬂﬁéﬁ ?‘I}S PJlgtri]nt %c,ea unlctzlmn(cgl]f o{' Sexample, the transmutter may transmit

one packet in odd-numbered time slots and another packet in even-numbered time slots.
More than two packets may also be interlaced for a longer ACK/NAK deiay.

[00120] FIG. 13 shows transmission of both NAKs and ACKs. For an ACK-based
scheme, an ACK is sent only if a packet is decoded correctly, and NAKs are not sent

and presumed by the absence of ACKs.

[00121] FIG. 14 shows H-ARQ transmissions for two transmitters ¢ and b with
frequency hopping. Each transmitter may transmit 2 new packet starting in any time
slot. Each transmitter may also transmit any number of data blocks for each packet and
may fransmit 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).



[001131 On the forward link, a nmulti-antenna term nal may receive
transm ssi mul ti pl e base stations. Each base stat]j

transmt t\ﬁ&??.‘ogflgsg i nal using a different” hop pattern gé@ﬁg%@%%lzys
the term nal by that base station. The hop patterns assigned by

di fferent base stations to the termnal 3%y collide. Wenever this

occurs, the termnal may use receiver spatial processing to separate
out the nultiple WO 2006/ 138206 PCT/ US2006/ 022728 31 transm ssions

sent sinul t §0402k| yrienrdebiges astaives BHa Dbk NirdiREISHR BYRA0Me PEIERED Ynd

t hese base stations. 00114!_ Q FDVA_may al so be used to I nprove
per f or mancePHFRMg T9eaVaHrWalial prosestingalfon esgly weHequentyobiockr withbbkek

station 1 tgahass;i ' : L.ag: station
receive a t?ans m%éosﬁfls%dﬂ#’ %ﬁﬁ]h]flgrg r%'n %%ﬂ%{]ggﬁé;ﬂeg%%ﬁﬁge@%@ﬁat%gﬁ ‘g%gd% @b
the subbandpacksihageron tb datactybol estinnitesadbt Bn @D GUK (ReisMidkdn 3% Sived

stet'on 2. oBg aiel! B2 BeLe cpelver seeli o procceSiy
2 may al so genhicRe iy B fRhirRd( &0he hﬁ&?ﬁ%ﬁﬂﬁeggg&t éﬁéﬁé?ﬁ')ay 20 te\gé{ﬂaggd

by the two base stations for term nal rocess”Kkno
"sof ter han#subtractedbirpmphoingupsanindesmaiiverec@askdatt atenfor theaimk-Sequyicy

al so send opaly ni l.ots to termnal A The network y.be

desi gned _sﬁ%:lha{(%a?saefi h@ ﬂ(}))alttlpﬁfgetf oiﬂ% FF@*B SR Bl I’%ﬁngg objinedy §&., by
link in difémeoding ané sicitutatiag@h pidkeORNAE shide PRmeAPASETed HyORd t3hemitter
Ot hogonal pil ots, be sent on the forward and reverse Ii'nks to

facilitate Hamwfy?%%fheﬁamm syvplrals piith the chimel sstihates foy thepackatneThe
Stati on MipptiR SR pdfRiim RERC0RRBAYAREEGRE o' de IRt Bprdt o
AR Sl bty Sl oo e oyt B i
A- ARQ Tr ancef %Sﬁnfageé%%?a*ﬁé%@% cQdrdiB FITRRRdHIISHYad oy the same time-
aut omat i c ri?affaﬁcyrﬁaa@sds tﬁé"‘coﬁ%ﬁ%yhdéﬁ’_ﬂ%é%gndcge@{ ek %%lfeg dleéb%@%?@ﬁ@ﬂ and

r edundancy ) transm ssion. ransmiter sends one

mul tipl e t roREfARIRS @rleast pertiallyfites shau@enyUtime Hrenhenaydibud) with angeoneety
correctly by i Patkét ' n{fy b8 Eler}lgc?ul%é 'afid @ego%%rasé%if 01;[1 ol Gata ssylsxltb%{l gsmhl?aﬁtes

been
for that packet.

5. Transmitter and Receiver

[00123] FIG. 15 shows an embodiment of transmitter 110m. Within TX data and
pilot processor 120m, an encoder 1512 receives traffic data, encodes each data packet
based on a coding scheme to generate a coded packet, and partitions each coded packet
into multiple data blocks. An interleaver 1514 interleaves or reorders each data block
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 2 hop pattern
assigned to fransmitter 110m. For distributed and localized pilots, controllet/processor

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



sent. HARQ inproves reliability for data transm ssion and supports

rate adaptv%%@g/ﬁ%ﬁ packets in the presence of c_han_ges f&nﬁ@oﬂ&@zﬂs

condi tions FIG 13 shows an H ARQ transm ssion.

transmtter processes (e.g., encodes and nodul ates) a data packet
(Packet 1) and generates nultiple (B) dai®a bl ocks, which may al so be
call ed franes or subpackets. Each data bl ock may contain sufficient
information to allow the receiver to correctly decode the packet

under f avor edmplethe trehsmitterg Redifhedrttaffid BeanBeld & shdineCdes 1GR3 a@mgned the
i nformation for, the packet. Each data bl oc

diff t d nc

b:a sg;lte ni nr%nﬂ% @e Bfnspyiers §F%$Ised tradfic ehpmnelg dng h@lﬂlghgﬁh@ may bFB@lgned

13, h da Kg S 1
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se nd decodes oc

et or m nes SIS coCHPIA shefielor TOGR 0 ssmrrisentiet SCHMA swmbols

acknow edgrsush the Hisshidoldie b6 Mhd dublet o st RdsSsBl &6t pitbl Ransmission.

transmtter receives the NAK and transmts the secon :
(Bl ock 2) fi9P138]ck HG1 16 showamnsinghodimentind neesmarv]ei() r At edoeAsT Bsmclk DET

decoded | n Sy Pari02 hoBltycror 8 e TR S dmip eF £ ke il 154 thuough
transm ssi 0T54anﬂsﬂwﬁreiﬂsfbpﬂﬁez Feeiive @fifehiie FON DFTUELI 619 pefob® p DY on

t he exa Ie shown in Fl the transmtter transmts data [ ock X
(Bl ock %’ fiBe “ﬁ&%ﬁé‘ﬂlpg %PF ?%Chesmb@i petiodyffe pltainsirgiuentiedomoaini wabres for that

recei ves Bl 0

det er m nes étgﬁigt %%&{oagket %9&5@143]3 MS?L Hf%(lg%aﬁrs dlséB’équegﬁ the

ACK in ti rre’fre,f,mmcyzdpmatneratuear&omtmﬁff units ens\t% tﬁrbegmwwrg?%p&arvmtynggta@l
he tra mtter processes the next data

backet - ( Pacleat:Miie: 187 BinHier Eomscitdpmain G Prfoipie Reteived data vaies)

simlar rrarta@:rsubbﬂﬂilsb%allpi}od%ls@rs 18324ltheugh 1§37, del ay of onetime sl ot

for the ACK/NAK response for each block transm ssion. To inprove
channel ut ilP¥28 i oRach ¢haneel eatimptor 4620rdsrives arvhmirtel estirhate fibrecapla esdngitter

one- packet T aat Ry p AR B pAioL FEPRE) Pyl iabeee pbiied o tar

even- nunbetadstitier ﬂ@pmal fifer endtha Roinpotafas KﬁitSIGSﬂonﬁh§Q dh@nnel response
i nterl aced for er ACK/ NAK del ay. [00120] FIG 13 shows

transm ssi GHEUSE gesh sHbbandye eaghdime slopiekedan dk channel response vectors
for all transmitters using that subband and time slot. Computation unit 1634 then

derives a spatial filter matrix M(k,#) for each subband of each time slot based on the
channel response matrix H(%,7) for that subband and time slot, as described above.
Computation unit 1634 provides K spatial filter matrices for the K subbands in each
time slot.

[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 thiough 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-EDMA symbols. A detected
SC-FDMA symbol for a given transmitter m is an SC-FDMA symbol that is obtained by



schenme, an ACK is sent only if a packet is decoded correctly, and

NAKs are not sent and presumed by the absence of ACKs. [00121] FIG
14 shows PYQARRIGHIEAG i ssions for two transmitters a and BCHPEH06/022728
frequency hopping. Each transmitter may transmt a new packet

starting in any time slot. Each transm3ier nay also transmt any
nunber of data bl ocks for each packet and nmay transmt anot her

packet upon receiving an ACK for the current packet. The packets
transm ttedyy: t | Lher Lhus -ap r us, Wi th respect
to the packet g@ f?ggsﬁ%ilptﬁ geduoyr"?ﬁe gﬁlﬁe?ﬁ?{rngﬁge}ln%%ig e]?éllg %t?\ rrgaﬂ%ﬁ‘&?rs
hoppi ng, ea8tPpPressgbvir themeceiverapstial processime. sequence of time-frequency

bl ks. E 1 i Nt f ith t t 1 tt i
pseudo r andBaEhn aiC FRMRAbmotEhe 176 piioessas Goh detepied b PRMEA symbol and
channel s i npgivides a8 tsy&BaTREInaER LS R?@&atﬂﬂfb\é@ssbﬂlﬁ. %c-giagﬁA'\‘i-éHo'dﬁiaFor 170

transmtters may also interfere with one another in
ti ne-f r equeéy PEIHBER eapalizadgn, semovalsifthe phedeeragmnfor IFDMA, dencdppivgedf the

e rscet ver Hole EoRt s ARt bulnalfe G e PSGA e GG o

and per f ormepy theedare symRbelt dstitnafes (oL 88 MOthRiRSS bntd VB shEBHUEAGY on the
bl ock with ?nsm ssions fromnultiple transmtters. The

| ock, t
recei ver de Ellcgf‘%“ie heget Sy dgse ek edn FEk sencorion] §420dermines the
synbol esti %bﬁﬁis%é@bsp%&fu%ﬁs@gter Jgéssgg %ntﬂ{dﬁgg)%rcgaﬁg OQ% LS ‘i??ég%.% f Ortter.

t hat packet. For each ‘packet t eco orrec

transm ssi o014 Riadatp précessord §2 spmbel dank edbintariehvis)ami et des KR @Ra
due to thatiyﬁ%%ret . 75% e estimted, and subtracted fromthe input
sanpl es or SEEPEY 1o mdtter and; pravides,dhe desgdeth €pta 3 welk @s jthe

used by t hadecpdifik tatusTioe chél 8édode® @Q&eﬁ?@oﬁﬁ&ﬁern?% 1915% %@ﬁ&h@e ~K§ afld/or
er

by encodi % and nodul ati ng the packet in the sanme nma perforne
by the trandfKsbased amiredsPeding siatvg and enayessod thenA CEprndios NAK sibadieto the

channel estifBiaf{ Q" . cgl ver y rformreceiver
spatial pr otiée55| négfgncobﬂgl @%Eéﬁ#@;sﬁrg%ﬁ@i%@gﬂgafog 5 for all
time-frequdfBlB0hl oTks techmidqudnyictdribed Gkfeptinay be @6FIERENRABYShafotOn Ok 2F:
new dat a f?g{nbo{ stimates for packets that are decoded in error and
transm tt ed*BRPTHECEY AR My Regmdeyeriechiaihar dyeare o figiare; et & bymbination

decoded packabst Fach Masket iferanshion, ' | 8PRl NG AL
|l east partially (i.e., shar%ngﬁany %uﬁg,_ ?{ee%h%%%gﬁﬁ%tgk Sg&ﬁ? Il?grﬁ@’ pilot
correct|y transmission, channel estimation, receiver spatial processing, and so on may be

implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic devices, other electronic units designed
to perform the functions described herein, or a combination thereof,

[00131] For a software implementation, the techniques may be implemented with
modules (e.g., procedures, finctions, and so on) that perform the fimctions 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 DProcessor.

[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.



decoded packet may be denodul ated and decoded based on all data

synbol est r that packet. 5. Transmtter and Recej

[(00123] Fﬁgﬁgﬁﬁﬁg%@ﬁs an enbodi nent of"transmtter 110n$ﬁ@P¥ﬁ@ﬁ“¥%”8
data and pilot processor 120m an encoder 1512 receives traffic

data, encodes each data packet based o#6a coding scheme to generate
a coded packet, and partitions each coded packet into nultiple data
bl ocks. An interleaver 1514 interl eaves or reorders each data bl ock
based on anodpdxr | eay bRicue es®Riptitn oY HRAiseyed embdStfentiap rdvitRd to enable
interleaved bits in _each_ data glock to data synbols based on a )
nodul at i on Z¥heeson gkfiadoin Jbaetrhtior meker yendhatmasept [iBtensgmb ol Vgrious

.g., b . T I i
the data oynRaaref (PHRSE cRBOMERGR A DAMREH bitcns by dose liNd i EYER,
FIG 5 or abj the g&ibht (peingiplesalsfintiblereinindy b2 aglicd Th ethdatmbadithepislvdthout

synbol s may, al so he | ti.pl exed after the SC-EDVA nodul ation. . |
[00124] W tdePArtiag %{% 'Fl?eeffpﬂrgtr Foeropt theoigyentiong Higiente aresent iygntion is not

det er mi nes ;HRGIGHo beHmikdB UGB UMERs ERwit AABATE & 18Be laBod?@éd thb Wit
slot, e.g., based on a hop pattern assigned to transmtter 110m For
di st ri but edcscoprdnsistehi withl thmi proteiplescmdinogéll feathres disebsat heréia0m al so

det er m nes t. Al nands to use for pilot transm ssion. For
WO 2006/13§§3§Ngg§?%§9@6Eﬁ%§g,728 34 exanple, the transmtters
assigned traffic channels in channel set 1 may be assigned the first
subset, the transmtters assigned traffic channels in channel set 2
may be assigned the second subset, and so on. SC FDVA nodul ator 130m
generates data SC-FDVMA synbols such that the data synbols are sent
on the set of subbands used for transm ssion. SC FDVA nodul ator 130m
al so generates pilot SC FDVA synbols such that pilot synbols are
sent on the subset of subbands used for pilot transm ssion. [00125]
FIG 16 shows an enbodi nent of receiver 150. At receiver 150, R DFT
units 1610a through 1610r receive the input sanples fromreceiver
units 154a through 154r, respectively, for the R receive antennas.
Each DFT unit 1610 perforns a DFT on the input sanples for each
synbol period to obtain frequency-donmain values for that synbo
period. R demultipl exers/channel estimators 1620a through 1620r

recei ve the



frequency-domain values fromDFT units 1610a through 1610r,
respectively. Each denultiplexer 1620 provides frequency-domain

val ues for data (or received data values) to K subband spati al
processors 1632a through 1632k. [00126] Each channel estinmator 1620
derives a channel estimate for each tr3dhsmtter based on
frequency-domai n values for pilot (or received pilot values) obtained
for that transmtter. A spatial filter matrix conputation unit 1634
forms a channel response matrix H(%?¥$¥“§or each subband in each
time slot based on the channel response vectors for all transmtters
usi ng that subband and tine slot. Conputation unit 1634 then derives
a spatial If iArtapparstusicoxipNgikgt ) for each subband of each tinme slot
based on the matrix H(k,t) for that subband and
time slot, as ggg@%ﬁggésgﬁg@%%totbnputation unit 1634 provides K
spatial filter matriselest 4 wbbirierdn aybibdpasbandseach tinme sl ot.

[00127] K subband spatial processors 1632a through 1632k qbtain
Fecei ved data  val uEEoFRF @ SEBRSHARCPIPHP GG ,fogté@ﬁ@&sméw}estW=

denul ti pl exssifr 3AR8As bdih OHERbzoRE 20k scdord BeqibitRardilsPakivals RAOGRE $P4
1632 al so receives the spatial filter matrix for its™ subband,
perforns sewaf pracesspaendl processing on the received data val ues with

the spatial filter i V] t For
each synbol period,gﬂfg%%éﬁﬁg%Qg?%%éggggggﬁk®%§ﬁ€RE%%%H&?%ggémBrovide
K vect or s sphbaebaog ech-dabegoval tnesedond sedurecedfsiatalsamis|stgonaated in the

denul ti pl exer EDenux) 1636. Demul ti pl exer 1636 maps the detected
dat a val usSOPOPIOSEER" 8P dnsmitter onto detected SC-FDVA symbols. A

detected SC FRMAnsyitBiadoupRH t@t@iIMH&Dbrddeeids fir brtafim P gSth@FlrsSSequENdB of
symbol that is obtained by WO 2006/ 138206 PCT/ U82006/ 022728 = 35

recei ver P8 yawolsiat therfiplsysrivangs olfalnswHels nt erference fromthe
other transmtters suppressed via the receiver spatial processing.
[ 00128] SC- FDVA denodul at or 170 processes each detected SC FDVA
synbol and. Tpe eppadatss datamsly mbeteiretht isetat’ egbbiand sRXngatses [ sogesdor 172.

SC- FDVA demmpdul, at.or., 17 nma erformequal i zation, re | f the
sy anghRg P liehded o R KRSt AP E e BB S Prsch STRBan g lnafes
subbands, Pankbaags @ilforG HEMBuEe ADE BE BIrsubidhdal 50 whErhs Ki Reind ®taae

synbol estimates for the Mtransmtters onto M streans based on the
integers greater than one.

3. The apparatus of claim 2, wherein the first processor is operative to generate an
interleaved frequency division multiple access (IFDMA) symbol with the sequence of

pilot symbols sent on 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 first 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.



traffic channels assigned to these transmtters. An PH generator 1642
determ nes the subbands used by each transmtter based on the hop
pattern assigned to that transmtter. [00129] RX data processor 172
synbol demaps, deinterleaves, and decodes the data synbol estinates
for each transmtter and provides the d&coded data as well as the
decodi ng status for each decoded packet. Controller 180 nay generate
ACKs and/or NAKs based on the decoding status and may send the ACKs
and/ or NAKs back to the transmtters to control the transm ssion of
data bl ocks 1{)%@% gkréﬁg?of&QWﬁQLheTé]ﬁtl’ie%%h&'s%‘@a%d?@érﬁ ﬁs‘éﬁﬂl_ di8b4la0 My be
i npl enent ed by 5 rrous nmeans. For exanple, these techniques nay be

i npl enment ediformlilyalistweuted acsess tnmtab sultands, wbedointhe subsct aflsebtmofls cdrmprises
har dwar e igmpl epent ati.on. . the processing,units, used, t f or.m pi | ot
Cranem s ie el PR LR S Bt B P S REE BB o
on may be gréanplienmmeed within one or nore application specific
integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), progranmable | ogic

devi ces (FLO%kaphdrudloPEINGT QIRRLIR (1818 76de86P i dpRlafve to BIBRRSSOT S,
controllers, mcro-controllers, mcroprocessors, electronic devices,
ot her el edetededved aquescyidisymedultipls a5eass GFRPMAksymbat with e gasance bed
herein, or. i i of . 1] For a software
inplenentéwsgﬁgﬂ?kggﬁtc H%%ﬁ%g(ﬁgg&%g&gnplenented wi th nodul es
(e.g., procedures, functions, and so on) that performthe functions

descri bed rein. The.software codes y he stored.in_a menory unit
Coog . merorifeanpiretiasr S hadersi ege! GpdgtoFuaistN gy e Udetor
(e. 9., conhicfh kebtal dtbbhdsl BBereinTthe BB ¥ubbdRds cofRYisBEP bdfRATRIDLARS
Wi thin the processor or external to the processor. [00132] Headi ngs

are incl uas@ngéiedy pultbgpds; andwhereia ke andl ajedntegers sieater Hgn €89t ai n
sections. These headings are not intended to |limt the scope of the
concepts described therein under, and these concepts nay have

appl i cabi b tThe iappavstheol daot §,ovterdihtheugipuicessoh & opatative tsgraeiafd cat | on.

WO 2006/ 138206 PCT/ US2006/.022725 , 36 [0 Th [ d I pt.|
of the di SEROCLISHER HENEE LTt dipetiaar D3 aIaBIE) SihySrsneghe oFilot"

ski |l ed i Rymb&s & oh ehoRlk&t OF subbendshe present invention. Various
nodi fications to these enbodinents will be readily apparent to those

skilled in the art,
10. The apparatus of claim I, wherein the set of subbands comprises N subbands

selected from among K total subbands, wherein the subset of subbands comprises P
subbands selected from among the N subbands, and wherein K, N and P are integers

greater than one.

11. The apparatus of claim 10, wherein the first 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 first processor is operative to perform a

discrete Fourier transform (DFT) on the sequence of pilot symbols to obtain frequency-



and the generic principles defined herein may be applied to other
enbodi ments without departing fromthe spirit or scope of the

i nvention. Thus, the present invention is not intended to be limted
to the enbodi nents shown herein but is to be accorded the w dest
scope consistent with the principles ad® novel features disclosed
herein. WHAT IS CLAD ED IS: 37 CLAIMS 1. An apparatus conprising: a
first processor adapted to; select a subband froma set of sub-bands,
gener at e &omarsyalussdoapehofregiansy-dapaigories oo theanshands ioie Sypseh i

subband, nlizlbezellﬂ J/d?lies%ylfﬂ%féhéinbﬁé &Hds 8F IhB roRBALubbaAnd, %eﬁe?f%%%ﬁq]%%%%_e of
pil ot synbol's generated in a second processor, and generate a first

sequence dlisctisa Bowignisenssornt HPFT) e thedequensialoshingepiues any tsaier wwéieatp
non-ort ho ; I ' he
cecond pr a3tk e SR RRPRGRu Rk et iRy PRI R Lt
for transnsedquehcepiitine-dormat cagguenngdesad genprdtothe SFBDMA aydbdlhe i r st
sequence of data synbols. 2. The apparatus of claiml1l, wherein the
set of subbands conprises N subbands wuniformy distributed across K

total sublandge aMheiel 6F A/ USRI Ak FHPRAVAS COFRLSES %gReeria@nds
uniformy distributed across the N subbands, and wherein K, N and P

are i nt eg@nBolyrieaenarate Hilsaspee SE-FOMMA sypbal fr the dete symbioln and tapigrcei n

the first 4k ' [ ' | eav, :

fr equency Bl oo or SArETIRATL AL Bak 8 REIAHR SPBsp! B e SRS Lol e
of pil ot tisy$BdDMA enmnbalrfot the pHlubsyetbotsf subbands. 4. The apparatus of
claim1, wherein the set of subbands conprises N adjacent subbands
anong K total subbands, wherein the subset of subbands conprises P

subbands |uniThenPayateh Stoldimut, etheRaT 08 Jird Peocbhsads apantivaishkands.thand
wherein K, N and P are integers greater than one. 5. The apparatus
of cl ai m 4SAURARSIAEiPHOE Ty& boj s Rasehpibe QI ¥BIIAsE SCOBPICE AR Y 08 2 CONTY: e vl apedn

the time domain and a flat spectral response in the frequency domain.

15. The apparatus of claim I, wherein the first processor is operative to determine

different sets of subbands for different time slots based on a frequency hopping pattern.

16. The apparatus of claim 1, wherein the set of subbands is used for pilot transmission

by multiple transmitters.

17. The apparatus of claim 16, wherein the multiple transmitters are muitiple wireless

devices.

18. The apparatus of claim 16, wherein the multiple transmitters are multiple base

stations.
19. The apparatus of claim 1, wherein 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.



| ocal i zed frequency division nmultiple access (LFDVA) synbol with the
sequence of pilot synbols sent on the subset of subbands. 38 6. The
apparatus of claiml1l, wherein the set of subbands conprises N
subbands uniformy distributed across K total subbands, wherein the
subset of subbands conprises P consecd®ive subbands anong the N
subbands, and wherein K, N and P are integers greater than one. 7.
The apparatus of claim®6, wherein the first processor is operative to
generate an interleaved frequency division mltiple access (IFDV)
synbol w th t

subbands. 8. TEPESE 'gag%ggrq(g[fctﬂés%o %egﬁtuﬁn%mé\/\h e:B{r%tatr antssglt?t te?f %B‘g {igts in
conpri ses dNfadjtacaots of alphmimds netawdng K t ot al subbands, wherein the
subset of subbands conprises P adjacent subbands anong the N
subbands, and wherein K, N and P are integers greater than one. 9.
The appar abus\ @éthed abmipsingsherein the first processor is operative to
generate a Ioc lized f equency division nmultiple access (LFDWR)
symbol vvlth thée %tﬁ’@é‘rﬁ@é 3¢ T aget of gubAndS:sent on the subset of

subbands. gae‘erﬁ RRA RS qAdncg bR ngn%@f&'t@n%rﬂ@m%ﬂn R sshRangds

conpri ses N su bands = sel ect ed froma Ktota bands, wherei n
t he subsetpilof symhblsahqtdg thmmnaé s ﬂcomwnamg ofpilasysbolf g@mraﬁd)mga t he
N subband N and P are integers greater than one.
11. The a%%%)r%g rO\QhSeS c a m 10, wherein the first processor is
operative to rgmemaltga firbteseq sanqel oNdea ofmbaild, ﬂfemytmbqueaccaofmawrglmaoys of
times to generate ﬁn ext ended sequence {)\Ath K

ot synbagls, to
apply a pR548 "PEREheernghiod seaidrsraifienehdata synde géaeré@d&éﬁféec%ﬁd to

append a gysekiser; @ﬁ@&h%srﬁlamtghﬁe ﬁfsegeqﬁaﬁybm@&%yl%&@ a%ﬁ@?ﬁ&%e(ﬁ&nce of
generate an interleaved frequency division nultiple access FDVA)

synbol . 12ZataFh@belppar at us of claim 10, wherein the first processor is
operative to performa discrete Fourier transform (DFT) on the
sequence of pilot synmbols to obtain frequency 39 donmain values, to
map the fR2eq tjléramyetldﬂha’ ichimalueiserantie firkesequdnbaotd ot pyrhbds suregiencs of
map zero \ré%l ﬁg@l&) emal ning ones of the K total subbands, to
perform a gm ol

24. The method of claim 22 wherein the first sequence of data symbols is a sequence of
SC-FDMA symbols.

25. The method of claim 23, wherein the generating the SC-FDMA symbol comprises
generating a localized frequency division multiple access (LFDMA) symbol with

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

26. The method of claim 23, 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.

27. The method of claim 23, 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,



di screte Fourier transform (I DFT) on the frequency-domai n val ues and
the zero values to obtain a sequence of tine-domain output sanples,
and to append a cyclic prefix to the sequence of tine-domain output
sanpl es to generate the SC-FDVA synbol. 13. The apparatus of claiml,
wherein the first processor is operati¥e to generate data synbols,
to generate at | east one SC-FDVA synbol for the data synbols, and to
time division multiplex (TDM the at |east one SC FDVA synbol for
the data symbol@BPhinglt Phpsferane-trpRaInsy figsyengyoransiatedsequsnca yagol s. 14,
The appar at us j : i [ ISt j Lye to
gener ate the SRR R Rl e e B ALY e
havi ng a dondtand freqmest pieision muligletdcomss doPdMA) smbod fl at spectral
response in the frequency domain. 15. The apparatus of claim1,
wherein the first processor is operative to determne different sets
of subbandgs. Tigy mekhbd ef eaiin 23, WhetdiOthe dbasathgahe BCIATRYUEREhohEPRIrREs
pattern. 16. The apparatus of cl ai m%, \gherei n the set of subbands
is used for pi Psﬁorml%gﬁisg@r FPULIBL UraRsfqrm P&TY patesracarsor ailet symkels
appar at us (9fbiginatdqudiRy-dhRieldludshe multiple transmtters are nultiple
wi rel ess devices. 18 The apparatus of claim 16, wherein the

mul tipl e transmappagsheafrequandytdqnain balyes onse teisebiindsiio thersidsetppar at us
of claim1, wh ' '

transm ssi on. ﬁ%gbmgkgl%a\%g}g? §{“8§g§?‘?‘@%§f“'?ﬁsﬁf3ﬁ§ﬁé§f§f Sr'i'%f)l <é{{éasTrul tiple
sets of subbangderfarengisecvirge digbeiefoariegrmsfosm gFDRT)anghe fit@reacf-démain
pilot transm ssion. 40 21. The.apparatus of claim1, wherejn

br t hogonal AFT B zeo ARSI AL BRUFIE L Amecdomia o rglearnd
sectors of a WapRhems aRSENOEKTix &Pthe fediBARQA tIGRIRaSh BEpusBhBikikdhg a
subband froma set of sub-bands, generating a first sequence of pil ot
synbol s f @enartaHemsEPYHA symbdle subband, the pilot symbols being
orthogonal to a second sequence of pilot synbols generated in a
second processor, and generating a first sequence of data synbol s,
the first 28edqueppamatot caapmsisy nbol s

means for selecting a subband from a set of sub-bands,

means for generating a first sequence of pilot symbols for transmission in the
subband, the pilot symbols being orthogonal to a second sequence of pilot symbols
generated in a second processor, and

means for generating a first sequence of data symbols, the first sequence of data
symbols being non-orthogonal to a second sequence of data symbols generated in the
second processor; and

means for transmitting the first sequence of pilot symbols and the first sequence

of data symbols.

30. The apparatus of claim 29 wherein the first sequence of pilot symbols is a sequence
of SC-FDMA symbols.

31. The apparatus of claim 29 wherein the first sequence of data symbols is a sequence
of SC-FDMA symbols.



bei ng non-orthogonal to a second sequence of data synbols generated
in the second processor; and transmtting the first sequence of
pil ot synbols and the first sequence of data synbols. 23. The net hod
of claim 22 wherein the first sequence of pilot synbols is a sequence
of SC-FDVA synbols. 24. The nethod of4xlaim 22 wherein the first
sequence of data synbols is a sequence of SC FDVA synbols. 25. The
met hod of claim 23, wherein the generating the SC FDVA synbol

conpri ses 32géhernparaidy of dawadl yeeremtagmersyorgarrsting the G FBMA aveldds
(LFDWVA) s &p&%aytr1 t he sequence of pilot synbols sent on the subset
of subbands.” 26. The met hod of claim 23, wherein the generating the
SC- FDVA synbol meamsdpi gansratige ndoatitedgramenaytdvisiemvadtiffle ecpass{EyDMA)

di vi sion ultipl. ccess (I E ) ol . with th equence of pil ot
aynbol o s ee bR e SREc SRRl Gen oYt of FESEFS o T 25
wherein the generating the SC-FDVA synbol conprises replicating the
sequence of pilot synbaols.a plurality of tines to generat

ext ended é%qﬁéﬁwam%tswf&fwﬁ tW Vﬁ‘ﬁdg%'ﬁe%‘f fora&?ﬁFlgﬂ%&a S%ﬁﬁ@@nﬁ 8P o
obtain a E&ﬁﬁqggcy-translated sequence, and appending a cyclic

prefix to the frequency-transl ated sequence to generate an

i nterl eaved fremgmtiog adingddaged freduene dvisooeatiplp pewry (IERN)Isympg!
The net hod.of, cl.ai - { e i C- FDMVA synbol
comr ses ViR SRR IR o Bl BB Y e
sequence of pilot synbols to obtain frequency-domai n val ues, mappi ng

t he frequency-domain val yes .qnto the subbands in the. s mappi n
AR IS R L ARl T e T R
an inverseofipses et e Fourier transform (1 DFT) on the frequency-donmain

val ues and the zero values to obtain a sequence of tinme-domain output
sanpl es, and appEdel isglicatieg ghe seayanes pipitop syrplol s plyeiitrobmes to

i me- dormal P! R SATHSERch& wlPRGHBE §rifif, SO FOVR symbol . 29, An

apparatus-conprisin
means for applying a phase ramp to obtain a frequency-translated sequence, and

means for appending a cyclic prefix to the frequency-translated sequence to

generate an interleaved fréquency division multiple access (IFDMA) symbol.

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

means for performing a discrete Fourier transform (DFT) on the sequence of pilot
symbols to obtain frequency-domain values,

means for mapping the frequency-domain values onto the subbands in the subset,

means for mapping zero values onto remaining ones of the K total subbands,

means for performing 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

means for appending a cyclic prefix to the sequence of time-domain output

' samples to generate the SC-FDMA symbol.



means for selecting a subband froma set of sub-bands, neans for
generating a first sequence of pilot synbols for transmi ssion in the
subband, the pilot synbols being orthogonal to a second sequence of
pil ot synbols generated in a second processor, and neans for
generating a first sequence of data sy#bols, the first sequence of
data synbols being non-orthogonal to a second sequence of data
synbol s generated in the ,second processor; and neans for

transmitt PAgATHEPFALS FOBRG IB%ice of pil ot symbols and the first
sequence of daty $ydRQLSadapfhd (dhe apparatus of claim29 wherein the
first sequence of pilot synbols 1s a sequence of SC FDVA synbol s.
31. The appar at us ofeledt aisnptzod Weer ajehof fwb-tfahdst sequence of data

synbols is a sequen - Y. t
S 30 “wner oo Rl B SRR Sns BralBATBI AL
conpr i ses tlegdls syintol glesieg athapgna tb e eadohd edjubnice gl pilctysydibeisgeadrated in a

mul tiple accegs_éLFDwﬂé synbol with the sequence of pilot synbols
sent on t K&FO8HBLSESSEt 288 bbands. 33. The apparatus of clai m 30,

wherein the nmeans f ?éne%@@ﬁ?stt ktgieh R f hin KINPoISUMAD Blst sce@QBEioF 8fta
generating an interleaved frequency division nmultiple access (| FDVA)

symbol  wSYRbelhbeisg aerepAtogenaldp paecosd sespreacesd datagpmbpls cengialed iphe
subbands. (34 dg@f?ﬁ paratus of claim30, wherein the nmeans for
generating tHe - synbol conprises nmeans for replicating the
sequence of pil ot synbomsltplgburahiltiplenthetfirsesquence gigmbrt agrebas

ext ended sequence with K pilot synbols, neans for applying a phase
ranp to obtain a fr ency-transl ated sequence, and neans for

appendi ng a cygtramsnitiéf doxipko té the fireaienscy for ranshialredhs AgueRaence of
generate an interleaved frequency division nmultiple access (| FDVA)

synmbol . 38ilotixmbals s8¢ Hiesioraansd o dite SXiHhe#%ei n t he neans for
generating the SC FDVA synbol

37. The apparatus of claim 36 wherein the first sequence of pilot symbols is a sequence

of SC-FDMA symbols.

38. The apparatus of claim 36 wherein the first sequence of data symbols is a sequence

of SC-FDMA symbols.

39. The apparatus of claim 37, wherein the first 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.

40. The apparatus of claim 37, wherein the first processor is operative to generate at least
two scaled SC-FDMA symbols based on the SC-FDMA symbol and an orthogonal code
and to multiplex the at least two scaled SC-FDMA symbols onto at least two symbol

periods designated for pilot transmission by at least two transmitters.



conprises neans for performng a discrete Fourier transform (DFT) on
t he sequence of pilot synbols to obtain frequency-domain val ues,
means for mappi ng the frequency-domain val ues onto the subbands in

t he subset, neans for nmappi hg zero val ues onto renai ni ng ones of the
K total subbands, means for perform ngf an i nverse di screte Fourier
transform (1 DFT) on the frequency-domai n val ues and the zero val ues
to obtain a sequence of(i}ne-donain guhput sampl es, and neans for
appendi ng “& Egeﬁw%wecrfi i3 7 WACISH e HESE PIFCSS e OBARY O SR PRE data
sanpl es t Qy 668 18 kEndrite aiCadr DMAS SN sythBol BBthe AtaBHRBERL A to
conprising: a first processor adapted t0O; select a subband froma set

of sub- banustiplgetientteastane SCsiDMdqguamebloptheglataoy mbpvitisthe $C-FDMA

transnissg ﬂb&qb; e ﬁ@ﬁ?gng the pilot synbols being orthogonal to a
second sequence o Bl ot synbols generated in a second processor,

and generate a first sequence of data synbols, the first sequence of
dat a syngﬁladgehq? non- ort hogonal to a second sequence of data
synbol s~ géfief dPEa°F FPEHE &S econd processor; and a nul tipl exor to

mul tipl ex the fdlesihgSeapenaerdt a Ritlotusharbgl s;  and a transmtter
coupled to the first processor for transmtting the first sequence of
pi l ot synbol s &piterating affirpigequeageehribot symbpig for ppsepsion rzhe ypband, the
appar at us i i i : f A l.s is
o Cequencant R AERL I gk beal BB SRR SUpRUL Bhnerd R o1
the first sseqdencessof, atkht a synbols is a sequence of SC FDVA synbol s.

39. The apparatus of claim 37, wh in th i .St _process IS
operative Lo mEPEITNER THEe Ghet SRAATAbST Birc s BePREST et Sapors
desi gnat edeih@ hofblthégontltd ¥ &Hid@BqRACE dfata AABBIstgenerated in the second
processor;
multiplexing the first sequence of pilot symbols; and
transmitting the first sequence of pilot symbols and the first sequence of data

symbols.

43. The method of claim 42 wherein the first sequence of pilot symbols is a sequence of

SC-FDMA symbols.

44, The method of claim 42 wherein the first sequence of data symbbls is a sequence of
SC-FDMA symbols.

45. The method of claim 43, 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.



no data or pilot in at |east one synbol period used for pilot

transm ssion by at |east one other transmtter. 40. The apparatus of
claim37, wherein the first processor is operative to generate at

| east two scal ed SC-FDVA synbol s based on the SC- FDVA synbol and an
orthogonal code and to nultiplex the &1 |east two scal ed SC FDVA
synbols onto at | east two synbol periods designated for pilot
transm ssion by at least two transmtters. 44 41. The apparatus of
cl ai m 37, #hénappargtys cOmMpr$ingr ocessor i s operative to generate data

synbol's, to geporal®. aliedfaslMd RGP PYUE or the data
? | east one - S

synbols, and to rmultiplexTthe at ynbol for the
dat a synbol s witehng foe gSCraEiDA firstysatpmncd of pitoheynphdlofor symdpokson hzhe A

net hod conpr,i sing: selecting a subband from a,set of sub-bands,
Conor at | ngibant 8 pEE 0okt Safe BHRSRAE ha R SR Res SHTEERARS, 1 he
subband, fbgratbd Inot sesdiibesb®l f1@ or t hogonal to a second sequence of
pil ot synbols generated in a second processor, and generating a

first sequenceMSAnfar &ensiatpgIadirstsmguanres o dakisymenbiee g deacasmblolay
bei ng nonsant41984RA hoﬁ-@rtﬁog%rryﬁ?IQBq secid& n&fof%%aasg?r&ém §erg§@§{ Tﬂ%ec’

in the second processor; t1plexing e first Sequerice ot
synbol s; agrdnd pengssspt;ti ng the first sequence of pilot synmbols and the
first sequence of ta .symbols. ~43. The t hod of claim 42 wherein
the firet sequanes B Auiigs B g sed Be-TRRIE B gk A o

synbol s. 44. TheangoheshsafittiakahdfidZseyghnakcebNpilddeyhbdls indhefienceuefice
data synbols is ﬁequence of SC-FDVA synbols. 45. The net hod of

cl ai m 43, Of/ﬁﬂé? @f‘ﬂj"cfne mul ti pl exi ng the SC-FDVA synbol conpri ses
generating at |east two scal ed SC- FDVA synbol s based on t he SC- FDVA
synbol and an orthogonal code, and nultiplexing the at | east two

scal ed SCAFDIAe appatsdisofeHi® 44twhesein thetfiger ssquebes of pilot symbols is a sequence

of SC-FDMA symbols.

48. The apparatus of claim 46 wherein the first sequence of data symbols is a sequence

of SC-FDMA symbols.

49. The apparatus of claim 47, wherein the means for multipiexing the SC-FDMA
symbol comprises

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

means for multiplexing the at least two scaled SC-FDMA symbols onto at least

two symbol periods designated for pilot transmission by at least two transmitters.

50. An apparatus comprising:
a first processor adapted to;
select a subband from a set of sub-bands,
generate a first sequence of pilot symbols having a first duration for
transmission in the subband, the pilot symbols being orthogonal to a second sequence of

pilot symbols generated in a second processor, and



peri ods designated for pilot transm ssion by at |east two
transmtters. 45 46. An apparatus conprising: nmeans for selecting a
subband froma set of sub-bands, neans for generating a first
sequence of pilot synmbols for transm ssion in the subband, the pil ot
synbol s bei ng orthogonal to a second séguence of pilot synbols
generated in a second processor, and neans for generating a first
sequence of data synbols, the first sequence of data synbols_ being
non- ort hogonal to af¥EEsnd lisegemee ASidagaysbalymsying agepaydadusionnthe he

second pr @e8SSPfencd BEAE: syRtbolielHgMofXirR8gdMBiold deSindSEGURRE 6 @iy P1 | O
f of pilot

synbol s; and neans for transmtting the Tirst sequenc

synbol s amgmbdie géicrased wehiecord pofesdat a synbol s. 47. The appar at us of
claim46 wherein the first. sequence..o i lot synbol s.i.s.a sequence

o “SC. Fow symbol s. 2ot PR EME B ea B P TR e B D EREY T o0
sequence of data syshbls is a sequence of SC FDVA synbols. 49. The

apparatus of claim47, wherein the neans for nultjplexing the SC EDVA
synbol conpri sB&2REAHE" @ap{egéﬁwﬁrftm@ocﬁwr g)ééﬁa”%%‘%g? Bt SRSUpSPIRT

synbol s baggdyRbolshiad B 15 us I BPa@Oshi, of t hogonal - code, and
means for nulglpIeX|ng the at least two scal ed SC- FDVA synbol s onto

at least two synbol periods designated for pilot transm ssion by at

2 s Rl AL RIS LS00 s s

'd t0o; select a su set n
gener at e af sCFIMAegmdoe of pil ot synbols having a first duration
for transm ssion in the subband, the pilot synbols being orthogonal
to a second sequence of pilot synbols generated in a second

processor 52amkk &paratus of claim 50 wherein the first sequence of data symbols is a sequence
of SC-FDMA symbols.

53. The apparatus of claim 50, wherein the first symbol duration is shorter than the

second symbol duration.

54. The apparatus of claim 51, wherein the first 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,

55. The apparatus of claim 51, wherein the first 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 symbol period used for

piiot transmission by remaining ones of the at least two transmitters.

56. The apparatus of claim 50, wherein the first processor is operative to determine a set
of subbands selected from among at least two sets of subbands, to determine a subset of
subbands to use for pilot transmission, wherein the subset of subbands is selected from

among at least two subsets of subbands formed with the set of subbands, and to generate



generate a first sequence of data synbols, having a second duration,
the first sequence of data synbols being non-orthogonal to a second
sequence of data synbols generated in the second processor; and a
mul ti pl exor to nmultiplex the first sequence of pilot synbols; and a
transmtter coupled to the first proceggor for transmtting the first
sequence of pilot synbols and the first sequence of data synbols.
51. The apparatus of claimb50 wherein the first sequence of pilot
synbol s i sheatdaquurgelot 5€-FEBIRBYARbslwitlths.pils2symbleé sapipar tht sebsefolcl ai m
50 wherein t@e first sequence of data synmbols is a sequence of

SC- FOVA syH8%P¢S 53, The apparatus of ciaim 50, wherein the first
synbol duration is shorter than the second synbol duration. 54. The
apparatus of claim51, wherein the first processor is operative to
generate &t PeBEOd tUBPREIRE ed pil ot SC- FDMA synbol s based on the at

| east one pil ote|QEmERNALSMATRIM o 800G &b-Rinkfiogonal code and to
multiplex the at |l east two scaled pilot SCFDVA synbols onto at

| east two synbé@tnepingadysidegiaaaceeiiot sympils baving ahshilwslignfor55. The
appar at us | Al i : fl i i

o1 ol ox ‘G Tdhe sHBERE o 0P bl pLARRRBRI 1 SRER T R
synbol perpilocsydibslsgreatredd fiioa sggphdproce¢sanss ssi on and to not transmt
data or pilot in at.qust one othF§ SY, %b er.i od usqg for @i“pt
transm ssion by*IeEHEA 1Y BAEECHP! 44RO % 48NS PP AANAlien s
The appar gédisn@f ofeh@isindBis b\éﬂgrn@h%rﬂlbgbn%i foStsefiAGESRALe biSd@PEmAoIVE
to determne a set of subbands selected fromanong at | east two sets

of subband@gnergted iehepaeppdpEcess®iset of subbands to use for pil ot
transm ssi on, I : §?q§ .S selected from anong
at least two sﬁﬁﬁgﬁéng%mgﬁ%ﬁgﬁﬁﬁnﬁﬁﬁigﬁp t ISlfhe set of subbands, and
to generate 47 theaat | east one pilot SC FDVA synmbol with the pil ot
symbol s sent Og'g%ﬁﬁttﬁlggf?ﬁe%rsgs;eﬂ u%ﬁggﬁg&% E%rg éc')ls 'g‘nm% }I}I(I?Sq Sgcﬂ,%%é SF Ak

selecting a su
symbols.

58. The method of claim 57 wherein the first sequence of pilot symbols is a sequence of
SC-FDMA symbols.

59. The method of claim 57 wherein the first sequence of data symbols is a sequence of
SC-FDMA symbols.

60. The method of claim 58, 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.

61. An apparatus comprising:

means for selecting a subband from a set of sub-bands,



generating a first sequence of pilot synmbols having a first duration
for transmi ssion in the subband, the pilot synbols being orthogonal
to a second sequence of pilot synbols generated in a second
processor, and generating a first sequence of data synbols, having a
second duration, the first sequence ofi8data synbol s being
non-orthogonal to a second sequence of data synbols generated in the
second processor; multiplexing the first sequence of pilot synbols;
and transmtti BENUHEES 5t sequeise RERIBEYBDPeloIawye 8rss durabon e fi r st
sequence Ig

first seqﬁ%ﬁgg&% p.@§§ﬁ§§n§qT%J?§Sgﬁgﬂgﬁ%ﬁé°ﬁﬁ H@Eg %ﬁ%ﬁgy L%H%pf
59. The nwiilebsyndiolscdeaenaicdin akegoed pracksof, endt sequence of data synbol s
is a sequence of 0, Th thod of

wherer n i ho muRPISEREA T L e PLGTy it Presns SeeplafLhmis ¢
t he at |6&8(ﬁueﬁ&eofdﬁtaasyﬁ$o|§@l%g$wﬂh@ih0§@ﬁpfd SREoIFERGITE DU syingtasd
two scal ed pllog FDNA synbol s based on the at | east one pilot

SC- FDVA sﬁﬁﬁﬁﬂe Hut ﬁ“@P@HBﬁEﬁ&$ code, and nultiplexing the at |east
two scal ed pil %ullﬁ%f“%esﬂf&t&%&n@@&%lﬁ syn@R¥ two symbol periods
designated for pilot transm ssion A apparatus conpri sing: means
for selecting a subbzhd froma set of sub-bands, 48 generating a
first sequence v I

(st seauence uah B e NIPOL A Ao, RS AR oty
second seguabgle. of pilot synbols generated in a second processor,
and generating a first sequence of data synbols, having a second
duration, the first sequence of data synbols being non-orthogonal to
a second %@qqﬁaﬁﬁaaeimmtc@a@méemg@m@s%@&ienb@oitmt§>ﬂﬁ&ﬂ§i.sws@§@e%§@r

mul tiplexing the first sequence of pilot s ol s;
P ofgC FDMA symbols. a P ymb

63. The apparatus of claim 61 wherein the first sequence of data symbols is a sequence
of SC-FDMA symbols.

64. The apparatus of claim 62, wherein the means for multiplexing the at least one pilot
SC-FDMA symbol with the at least one data SC-FDMA symbol comprises

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

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

least two symbol periods designated for pilot transmission.

65. The apparatus of claim 1 wherein the first sequence of pilot symbols is a sequence of
SC-FDMA symbols.

66. The apparatus of claim 1 wherein the first sequence of data symbols is a sequence of
SC-FDMA symbols.



and transmtting the first sequence of pilot synbols and the first
sequence of data synbols. 62. The apparatus of claim®61l wherein the
first sequence of pilot synbols is a sequence of SC FDVA synbols.

63. The apparatus of claim®61l wherein the first sequence of data
synbols is a sequence of SC FDVA synbé?s. 64. The apparatus of claim
62, wherein the neans for nmultiplexing the at | east one pil ot

SC- FDVA synbol with the at | east one data SC FDVA synbol conprises
means for Gern8faprergdastordds pracarsosicatable pemety cSOPHBINE synbol s based
on the at lea ot Rt 2 I e, and
means for nult?%?i@?ﬁghi éha 05%%@f§¥§gggégﬁgﬁa%P O%Q%%?%%“K&ggnbols
onto at | east coewiosyadsolg thepiooeksorde stlgu atwadatt ofirgisbptenty @ipsiol sntors.

65. The a tus. of .cl.ai 1 rein the first uence of pi,l ot
ovrbols - IBAEMTsRh i bR ThntBE S8 Aol bidb AEMRANS e BldsBluenss

| wher ei n dof bBofdymbblspenetead & Dfecdad prosassdrphti | S a sequence of
SC- FDVA synbol s. . 4 67, Software code stor%d i n processor r ggﬁgle

menory conpri st s i nedhe REEEFHYC BT BEES SHICR G Y epigsy™m band
from a setfir@fseqiéRc@n@ty syrbER Heflz ioAURIBLorta® AeOGREIhenkO 0B IS CL
generate a first sequence of pilot synbols for transmssion in the
subband, thabgs Betcragyhische sdsenhprosesstrogshal to a second sequence of
pil ot synbol s o . CO i

Phe prosessor FoeeherapgtlpSERgila BEARERP lan ARRiGRTYY B GRUSIDG:
first seqpéncendbistat shesiynstbehseroe ohidatmgymianid hogonal to a second
sequence of data synbols generated in the second processor; and code
for causing the processor to command a transm ssion of the first
sequence of pilot synbols and the first sequence of data synbols.



