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II.  Background

[0003] A wireless communication System may utilize multiple transmit antennas at
a base station or user station to transmit symbols or other information. The use of
multiple transmit antennas improves the receiver ability to decode symbols since
multiple versions of a same symbol are available to use in decoding the transmissions.
10004] An orthogonal frequency division multiple access (OFDMA) system
utilizes orthogonal frequency division multiplexing (OFDM). OFDM is a multi-carrier
modulation technique that partitions the overall system bandwidth into multiple (N)
orthogonal frequency subcarriers. These subcarriers may also be called tones, bins, and
frequency channels. Each subcarrier is associated with a respective sub carrier that may
be modulated with data. Up to N modulation symbols may be sent on the N total
subcarricrs in cach OFDM symbol period. These modulation symbols arc converted to
the time-domain with an N-point inverse fast Fourier transform (IFFT) to generate a
transformed symbol that contains N time-domain chips or samples.

[0005] In a frcquency hopping communication systcm, data is transmitted on
different frequency subcarriers in different time intervals, which may be referred to as

“hop periods”. These frequency subcarriers may be provided by orthogonal frequency
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measuring the pilot at the receiver. The pilot signal is made up of pilot symbols that are
known a priori by both the transmitter and receiver. The receiver can thus estimate the
channel response based on the received symbols and the known symbols.
[0008] A code division multiple access (CDMA) system has a universal frequency
reuse that makes it possible for mobile users to receive and send the same signal
simultaneously from and to multiple base stations or sectors of a base station. Soft and
softer handoff in CDMA systems are techniques whereby mobiles near cell, and sector
in the case of softer handoff, boundaries communicate the same transmitted signals to
more than one base station or sector of a base station. Soft and softer handoff provides
enhanced communication quality and a smoother transition compared to the
conventional hard handoff. Soft and softer handoff is intrinsic to a CDMA system, as

transmitted signals of different users occupy the same time and frequency allocation.

Different users can be separated based on the respective spreading signatures.
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each other, of a first length and at least two second sequences of a group of second
sequences, having a low cross-correlation with each other, of a second length that is
different than the first length. The circuit is configured to multiply pilot symbols to be
transmitted from a plurality of antenna groups utilizing the at least one first sequence
and the at least two second sequences.

[00012] In another aspect, a method of transmitting pilot symbols comprises
multiplying first pilot symbols for a first antenna group utilizing a first sequence of a
group of first sequences, having a low cross-correlation with each other, and at least two
second sequences of a group of second sequences, having a low cross-correlation with
each other, and multiplying second pilot sym’bols for a second antenna group utilizing a
third sequence of the group of first sequences and at least two fourth sequences of the

group of second sequences. The first and second pilot symbols may be transmitted.
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descri bed B DESCGRIRIION QF THE DRAWINGS
[060016] - The features, nature, and advantages of the present embodiments may

become more apparent from the detailed description set forth below when taken in
conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:

[00017] Fig. 1 illustrates a multiple access wireless communication system
according to one embodiment;

[00018] Fig. 2 illustrates a spectrum allocation scheme for a multiple access

wireless communication system according to one embodiment;

[00019] Fig. 3 illustrates aspects of a multiple access wireless communication
systern;
[00020] Fig. 4 illustrates a block diagram of aspects of a transmitter system and a

receiver system in a multi-input multi-output multiple access wireless communication

system,
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is in communication with antenna 106, where antenna 106 transmits information to
mobilc station 110 over forward link 118 and rcecives information from mobilc station
110 over reverse link 116.

[00024] Each group of antennas 102, 104, and 106 and/or the area in which they
are designed to communicate is often referred to as a sector of the base station. In the
embodiment, antenna groups 102, 104, and 106 each are designed to communicate to
mobile stations in a sector, sectors 120, 122, and 124, respectively, of the areas covered
by base station 100.

[00025] In order to allow for efficient processing of data symbols, base station
100 may transmit pilot symbols from sectors 102, 104, and 106 that may be identified as
being different from each other. In certain aspects, this may be performed even if the
pilots are transmitted on the same subcarriers and at approximately the same time from
two sectors at one time. For example, this may be performed by multiplying the pilot
symbols of each sector by a common scrambling code for the cell and a first code with
low cross-correlation, e.g. an oﬁhogonal code, which is specific for the particular sector.
In this way, interference for pilot symbeols transmitted from a given sector is decreased
with respect to any other sector. In addition to the first code for the sector, a second
code with low cross-correlation, e.g. an orthogonal code, quasi-orthogonal, or a PN

code, may be used for each portion of the code that is repeated in a given OFDM
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Tn Cellular System,” and filed on even date herewith, and which is incorporate herein by
reference in its entirety. In such a case, different “beams” may be assigned different
scrambling sequences and code with low cross-correlation s as described herein.

[00029] As discussed above, a first code with low cross-correlation is used to
multiply the pilot symbols at each sector that is orthogonal or quasi-orthogonal to
another first code with low cross-correlation used to multiply the pilot symbols of each
other sector of the cell. In addition, a second code with low cross-correlation is utilized
to multiply the pilot symbols after multiplication by the first code in each sector. This
second code with low cross-correlation, which may be any number of orthogonal or
quasi-orthogonal codes, is used to multiply over the length of the first code, with a
different second code with low cross-correlation used in a single sector. This is

illustrated in Table 1 below:
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used herein, in communication with antenna group or
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cross-correlation is used to multiply the pil ot
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beulapplipidy as HEOpi $@), SEHHE(S), B®Rr S(@0),t Spid)cabd Iy t1ids is then
hbiplicd 3% A8 $5E0° W1 Wi@), Wace), Wi®), Wi(10), Wi(12), and
Wi(14) for sector 1, a first code Wa(0), W2(2), Wa(4), Wi(6), Wa(8), W2(10),
W2(12),and W(14) for sector 2, and a first codeW3(0), W3(2), W3(4), Ws(6), Ws(8),
W3(10), W3(12), and W3(14). In some aspects, the first and, or, second codes Wi, Wy,
and W3 may be Walsh or Exponential codes. Also, each of the first code generally has a
length that is less than a number of tones utilized for pilot symbols. For example, the
codes Wi, Wy, and W5 may have a length four, such that each first code is repeated twice
in each OFDM symbol for each sector. That is, the first code used to multiply the pilot
symbols for subcatriers fo, /5, fz and f; and the first code used to multiply the pilot
symbols for subcarriers f5, fi0, f12, and f, is identical. The received signal at tone i for
the user is given by S(@) (W1(DPx(DH:() + W()Pn(DH,(D) + W3(1)Pn(1))Hs(i)) + noise,
where Hy, H and Hs arc the channcls from scctors 1, 2, and 3 rcspcctively.

[00031] Even though W;, W,, and W5 may be orthogonal or quasi-orthogonal to
each other over tones {0,2,4,6}, the products of any two of W(1)H;i(i), W2(i)Hx(1) ,and



second code with | ow cross-correl ati on, which may be

any nunber of orthogonal or quasi-orthogonal codes, is
wag@d/osassrul ti ply over the length of the firstPCDUS2006/060287

with a different second code with | ow

cross-correlation used in a single sector. This is

illustrated in Table 1 below Table 1 [00030] In the

exanpl es of Table 1, pilots occupy tonesfo, j 2, ]"4,

J fs, fio,J12, and fi4 in a g%ven OFDM synbol for al

sectors of a given cell. A cell specific scranbling

code may or may not be applied. In sone aspects this

vt (i, ki) ortpusyral of st hpgyaln s ghgubps H, or

sh&wd B%Ehﬂ”ﬂéh{ 'vﬂhatﬁﬁ'lsbc\/ve@ thé rt§ﬁe @é’cd ,W4(fp)8 W (.3 In some cases,
W (4), W(6), W(8) W(IO), W) @)&l
§RWed of the & ﬁmeétvae@a@nwpo;ww 161)1@1@4) w@ ) »and W(i)Hs(i)
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first codeWs
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“gmtfe takie| qnehxasuéoﬂdadlgh Wdilhiaforl ten¢se S/ fannd fhwrdesnottier value for
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fieac wb i sestore hatee IaStI;@ﬁpc&ﬁtfe%ildn\/\l}tﬁle ¢dﬂre@ﬁaﬁiﬁ ﬂ%gM(ﬁﬁB%ﬁ‘[ phase for
far ach. sect That S I rst_code used to

d’rffﬁr?‘?tpfe@ot‘ﬁe fgfﬁea ewn%q L ftﬁ? cofdp dar Mpeh ndpactpss different time
ireghcbs, vae ddhedrpbBitios 98l @efs@ted Sorbdy! frk@ie&ﬁcil B@ tidhd, he dlfferent*

synbol s for subcarriers fs, fio,f 12, and
P’P%P@ﬁfm greragheutia yigld adowioymmil corrclagion. | for the user

[0@39]( ven m/hr% Ink se¥idd ao%ewa&%ejdolngtaﬁt %'t%éa @hk@h'_gf(th%] first code, .
+ WB(i)PN(i)H3(i1)) + noise, where , arc

thebi e varyt fob pihss stlogastiers 2hat gpend heefgpde the leagth. off Do dRgt|code in a
sdnié @cétglqu%.gsh%ld[ M\%mo%adﬁlx\p% yccgﬁ‘d %5{1&0&%9%&’%{0% T cach scctor..

quasli -ort gona O eacC over ones
Atlﬂf;ma},tiw el tltes sarbnad m}bdtmagfbe\/%(el Sakiie( ln) sacPeiciorRbi) have a different

0 t hago
oA B ieEib PRI A e EBIERR SR in grdy  ake sure mo
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, 1. In ne cas bec use of the
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In this case, there will be no suppreSS|on of th
same set of tones in different sectors. Therefore, if pilot hopping is used we have to
ensure that it is the same for different sectors.
[00034] Referring to Fig. 3, a multiple access wireless communication system
according to another embodiment is illustrated. A multiple access wireless
communication system 600 includes multiple cells, e.g. cells 602, 604, and 606. In the

embodiment of Fig. 3, each cell 602, 604, and 606 may include multiple sectors, not

shown, which are in communication with mobile stations 620. As discussed above, each
cell 602, 604, and 60 may utilize a different cell specific scrambling code to multiply
pilot symbols transmitted from its sectors. Each sector may then operate according to

any of the aspects and utilize any of the features described herein.



interference frompilots of the two sectors. To

address such situations the second code PN nay be
we@engosnss over the length of the first code. TRCHUS®06/060287

aspects, the second code woul d take one pseudorandom

value for tones fo, / , /4, and f , and anot her val ue

for tonesf,f , f , and/} . This provides that even if

W(i)H (i), W(i)H2(i) ,and WB(i)H3(i) fromtwo

sectors have a high correlation, this correlation has

a different phase for differem regions of frequency

due to the code P used, and across different tine

i nstances. When an interpolation is perforned across

fooegsiency ®efdriiig to The 4)idf blecke Iﬁlﬁagﬁhﬁ&ﬁ'SanV\émbocamhﬁgEa transmitter

out tg yield a | ow overall orrel 003
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t hat extend beyond the length of the first code in
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FRYsntitbd %(7@1”5 rds gé%cﬁi%ctparﬁﬁﬁ'g Htend TERNBEL %ﬁ%'c%sso{f B4 formats, codes,

second codes mm he sane I n each sec have
anddintdrloawer tho teashic defa dednchdetaorirean kaspd pad@ naptiquha coding scheme

Qél%gt%{ fz‘)ﬁltt 'da%tsn%%"c?;p%ﬁ{lez décgéy a‘?aer to make sure no

o s are nu same second code.
WBG] onal The coled daatfor saqiusq;atwsﬁréam enadi e Hmﬁmlexed with pilot data

PP TR aSRlatEooRS PR BBTE Bpudl™s Mgl g pasterm dhat s
ﬂmégbfedi ih hatnowenpihat sndwinky beawed to tioe fmpyret bﬁt&ﬁﬁfﬁ estimate the
set of tones i dlf erent s ctors |Iot
AL P angs o Rl SR o ety forfdach gL g is then
FoduRtddf @eg @mspﬁ]apllsed) [ng,Ba?xﬁ] a BeftRiular Mgb dubatfoinGsch@me @e.g., BPSK,
mul ti pI e access wirel ess conmmuni cati on S%St em

QEEEr VNS0 AP REM splsetereior that jdetay, stpate dg. prRvide modulation

59%1115619' ?h@asﬁ%ae%cr&ﬁ§ $8d %Hﬂﬁ%ioﬁ%f S4bhShEd ﬁmaﬁp&ay be determined
I'ncl udes nul tiple cel cells 602, 604, and 606.

by inshruciéonsauifeened on pm‘gdcctéby' peebsser30.602, 604, and

fRB3TRY | NGl dHAGdPLAnGAL RO St aBA!s3BAMye Wi Clofiefd to a TX

n|ca i'on w I ons
picsessss €80 atvbick, mepdhrthel pro6Ga, thGOﬂQdmwnB@mluys (e.g., for OFDM).

LA [ o L et o S —
ERITRY e82Parthishigh td1en Bpeh atesmicieoBYR Retelv@s and processes a respective
symbol stream to provide one or more analog signals, and further conditions (e.g.,
amplifies, filters, and upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. Ny modulated signals from
transmitters 822a through 822t are then transmitted from N7 antennas 824a through 824t,
respectively.

[00038] At receiver system 850, the transmitted modulated signals are received by
Ny antennas 852a through 852r and the received signal from each antenna 852 is
provided to a respective receiver (RCVR) 854. Each receiver 854 conditions (e.g.,
filters, amplifies, and downconverts) a respective received signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a
corresponding “received” symbol stream.

[00039] An RX data processor 860 then receives and processes the Nz received

symbol streams from Ny receivers 8354 based on a particular receiver processing



any of the aspects and utilize any of the features
descri bed herein.[00035] Referring to Fig. 4, a block
walr@gnsrrsdf an enbodi nent of a transmitter sysPEnMUS8A06/060287

and a receiver system850 in a MM system 800 is
illustrated. At transmtter system 810, traffic data
for a nunber of data streans is provided froma data
source 812 to transmt (TX) data processor 814. In an
enbodi nent, each data streamis transmitted over a
respective transmt antenna. X data processor 814
formats, codes, and interleaves the traffic data for
each data stream based on a particular codi ng schene

%vﬂé"@\f’ dadigctsd @?ﬁfb&p sREAN. del“lfé)@?&egﬁﬁgﬁ ‘by RX data
[OOO e coded data for each data stream may
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proces kRown manper and e
cpe*ce:iundmgs@@et mndino Bt datmpwcedrer %(htmelden@slpmedeim@eleaves, and

(flglgj&{eﬁ eeﬁgﬁ( rrg% Iaili g%m &dstr%gr%gs ﬁ%ca({v%%%ﬁpt%agf‘ E %ra t Stdg?aasq}eam. The
poadessiog | ar RFO diata prarsse Erie i eotiplenBiGity QSIS ptBBKed by TX
or M sel ed for th data streamito ovi de
PREOT R ARE DT Preffes o a4 4 e wmiE s SH

[0®eHe] at | OMRKOproRaskBr B0ANSY T BaiRd e BRintheé eJfmnechdivel response
i nstructigns performed on provided by processor 830.

ThePretransinit 409 oz TsGibeR8tonats, 419 brted oot thegnlet information

rﬁ‘lﬁlﬁ feRed vREOWORErHcOdAa TR RMAGESSA 8@()’2 Qnayv‘ﬁ%ﬁhf pilot symbols
F her process the nodul ati'on synbols (é.g.,

aaxm%ng TX plobasistrs gREEd: e rmpmoNyh des NeTHBH u%& |ﬂ@m identify the
f&)z(]zﬂpﬁé SUbESRHTP b P %gélr@%@ J@Egﬁéd {TMER) 11%%%9111‘39{ ollﬁgeihdmon the

YEach transm recel ves an pr ocesses
rlswenttiling edeold sictoeapetific modvs, deg.dhe smondmceleawaﬂng)w Cross-

PhEREbE: m e T FLrBORR) b B8 S e Rl SR mggessor 860
ta nbidipic alt@xzbcmvgan aymmm tsa ﬁ{ae tlfdmopcframsmlﬁg icamooxer the
MBEITIoEl: oholStl At ed il LEOm LRSI LS, 860 may b
wsed RNpforthdacd, @ﬁ@é@tﬁn@ﬁﬂkessﬁ@gﬁmﬁé teesivir, AdRAOBSYerAbvels, change
recei ver system 850, the transm tted nodul ated signal s

medulg gg]eqa(r,c‘éd)rwhcmcs or other actions. RX proccssor 860 may Turther cstimate
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and
possibly other channel characteristics, and provides these quantities to a processor 870.
RX data processor 860 or processor 870 may further derive an estimate of the
“operating” SNR for the system. Processor 870 then provides channel state information
(CSI), which may comprise various types of information regarding the commumication
link and/or the received data stream. For example, the CSI may comprise only the
operating SNR. The CSI is then processed by a TX data processor 878, modulated by a
modulator 880, conditioned by transmitters 854a through 854r, and transmitted back to
transmitter system 810.

[00042] At transmitter system 810, the modulated signals from receiver system
850 are received by antennas 824, conditioned by receivers 822, demodulated by a
demodulator 840, and processed by a RX data processor 842 to recover the CSI reported
by the receiver system. The reported CSl is then provided to processor 830 and used to

(1) determine the data rates and coding and modulation schemes to be used for the data



NR ant ennas 852a t hrough 852r and the received signa
fromeach antenna 852 is provided to a respective

wo e@eiovass (RCVR) 854. Each recei ver 854 condi t PONES2006/060287
(e.g., filters, anmplifies, and downconverts) a
respective received signal, digitizes the conditioned
signal to provide sanples, and further processes the
sanpl es to provide a correspondi ng "received" synbo
stream [00039] An RX data processor 860 then receives
and processes the NR recei vedisynbol streanms from NR
recei vers 854 based on a particular receiver
processi ngtechni que to provide N T "detected" synbo

s&%&xﬁ@ BBd éi §en@fa@@ Q88 R RYrolRFod A8 dRIaq588886r SPad STX processor
descri b further detail below. Each detected
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correspondi ng data stream ata processor
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rocessin 8 processor 818 is
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Iécelve antennas based on the pil ot informati
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cha¥-dofientibh %, t he pil ot synbols according to pil ot
atterns stored in nenory nennry 872 t hat
1

IPORM i £y threcessegudHtynd lﬁ?@aﬂ’@ne‘?anaﬁﬁ &y fsolcelpsppeific scrambling
s@cfucelngg gﬁid HR ﬁl@@ B PbdcBhd %X&@oéode I»?ﬂ@ﬁ)% Hoggl-coxtrggﬁétnﬁ{ea multiply the

scranb gg and sector speci codes
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cancellation” or “successive cancellation” receiver processing technique).

[00046] Whilc Fig. 4 discusscs a MIMO systcm, the same system may be applicd
to a multi-input single-output system where multiple transmit antennas, e.g. those on a
base station, transmit one or more symbol streams to a single antenna device, e.g. a
mobile station. Also, a single output to single input antenna system may be utilized in
the same manner as described with respect to Fig. 4.

[00047] Referring to Fig. 5, a flow chart of a method of pilot symbol assighment
according to one embodiment is illustrated. A plurality of pilot symbols are generated,
block 900. The first code for the sector is then utilized to multiply the samples of the
pilot symbols, block 902. A second code for the sector is then applied to the pilot
symbols, block 904. In some cases, the second code is constant over the length of the
first code. In other cases the second code can be any length and vary over more less of

the length of the first code. Further, multiple instances of the first code may be



possi bly other channel characteristics, and provides
these quantities to a processor 870. RX data processor
wW@e@70511p5 ocessor 870 may further derive an esPCTHEM0©060287

the "operating” SNR for the system Processor 870 then

provi des channel state information (CSI), which may

conprise various types of information regarding the

conmuni cation |ink and/ or the received data stream

For exanple, the CSI may conprise only the operating

SNR. The CST is then processedldbhy a TX data processor

878, nodul ated by a nodul ator 880, conditioned by

transmtters 854a through 854r, and transnitted back

noultiplics by tdiffereny SeemdSddles.[ 0D uldpliddr sBOLE ta@¢ then transmitted,
E 810, the nodul ated signals fromreceiver system

%é& g&é received by antennas 824, conditioned by
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eci fic scranbling sequence an econ
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specific scra gquen secon
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E[L'I-l’@}&s)sypryggcsgorgoéon ‘Hc]:rs,en%tc%-bor%r I?cErJ m; crfopa}ogcssors othcr clcctronic
units designed to perform the functions described herein, or a combination thereof..
[00050] For a software implementation, the techniques described herein may be '
implemented with instruction (e.g., procedures, functions, and so on) that may be
utilized by one or more processors to perform the functions described herein. The
instructions may be stored in memory units and executed by processors. The memory
unit may be implemented within the processor or external to the processor, in which
case it can be communicatively coupled to the processor via various means as is known
in the art.

[00051] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention. Various
modifications to these embodiments may be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



[ 00045] At the receiver, various processing techni ques
may be used to process the V received signals to
waleagosiishie Nr transmtted synbol 'streans. ThRGBEUS2006/060287
recei ver processing techniques nmay be grouped into two
primary categories (i) spatial and spacetine receiver
processi ng techni ques (which are also referred to as
equal i zation techniques); and (ii) "successive
nul I'i ng/ equal i zati on and interference cancell ation”
recei ver processing techni qua3(which is also referred
to as "successive interference cancellation” or
"successi ve cancel lation" receiver processing

ik ERBAESYE limilAQ0 48] eMbddigehisGhodn ieinl 5EES t@ bbhbdrded the widest
system the sane system may be appli

lied to .

squpe tcondistpuitwish thel nsinsiplean I}%’beﬁagm% S‘ﬂﬂf’% hepein.
transmt antennas, e.g. those on a base station,
transmt one or nore synbol streans to a single
antenna device, e.g. a nobile station. Also, a single
output to single input antenna system may be utilized
in the sane manner as described with respect to Fig.
4. [00047] Referring to Fig. 5, a flowchart of a

nmet hod of pil ot synbol assignnent according to one
enbodinment is illustrated. A plurality of pilot
synbol s are generated, block 900. The first code for
the sector is then utilized to nultiply the sanples of
the pilot synbols, block 902. A second code for the
sector is then applied to the pilot synbols, block
904. In sonme cases, the second code is constant over
the length of the first code. In other cases the
second code can be any length and vary over nore |ess
of the length of the first code. Further, nultiple

i nstances of the first code may berultiplied by

di fferent second codes. The nmultiplied synbols are
then transmtted, block 906. [00048] Referring to Fig.
6, a bl ock diagram of aspects of portions of a

mul ti sector base station is illustrated. A base
station may include nmultiple sectors, here for the
pur poses of illustration only being two. However, any

nunber of sectors nmay be utilized, e.g. three as
depicted in Fig. 1. Each sector includes a neans for
mul tiplying pilot synbols with a first code and a
second codes, bl ocks 1000 and 1004 respectively.



The codes are different fromeach other and may both
be of a sane length, with different second codes being
wag@d/osass each group of pilot synbols nultipliBdI/og20061650287

first code. A pair of respective transmtters is
utilized to transmt the nmultiplied pilot synbols,

bl ocks 1002 and 1006 respectively. [00049] The

t echni ques descri bed herein nmay be inplenmented by

vari ous neans. For exanple, these techni ques nmay be

i npl enented in hardware, software, or a conbination
thereof. For a hardware inplenentation, the processing
units within a base station or a nobile station nay be
i npl enented within one or nore application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal prodeb&TMSdevices (DSPDs),

progr bl e, |l ogi c _devices (PL , field progranmabl e
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futhenedifiguast/topeors arscednblingteiierich and kthekdin Mkgo @Jﬁséﬁg further
tions to these

th resent .i.nventiqgn, Various nodific

SO Ry s et l%wgﬁ%wcr%gl%geéwgm | ed

in the art, and the generic principles defined herein

may b pli.ed to other enbodi ments w thout departing )

£ om Sha NG BIFEISS GPMERGHETET PP &AL 2, WhALRS! teiferambling

HBaRRtcotHREY 4 GRglci PRt ARARG L0 be Timted to the
e#bodingﬁgg shomnghefein but ﬁs fb be accorded the

wi dest scope consistent with the principles and novel

feat ug egndiSRhQS %Qmﬂﬁﬁ]?éaﬂo%éﬁ%s of claim 1, wherein the circuit

COI’Ilpl’iSBS a ProCessor.

5. The wireless communication apparatus of claim 1, wherein circuit is
configured to modulate each pilot symbol with a carrier frequency according to a

predetermined pattern.

6. The wireless communication apparatus of claim 5, wherein the predetermined

pattern is a same for each antenna group.

7. The wireless communication apparatus of claim 6, wherein the circuit is

configured to vary the predetermined pattern over time.



1. A wreless communication apparatus, conprising: a

menory configured to store at | east one first sequence
wotooaogrisup of first sequences, having a | ow PCT/US2006/060287

cross-correlation with each other, of a first length

and at |east two second sequences of a group of second

sequences, having a | ow cross-correlation with each

other, of a second length that is different than the

first length; and a circuit coupled with the nmenory,

the circuit configured to nultifly pilot synbols to be

transmtted fromeach of a plurality of antenna groups

utilizing the at | east one first sequence and the at

| east 8t kheseieelogh @aghieiicson appartii® I AlAhES Svherein each antenna

communi cati on appar.atus of claim 1, wherein the nmenory

BLOYD fOyeaRonds e g&&#@ﬁ“ﬁ%c@f of & basestationb| i ng sequence

and wherein the processor is further configured to

multiply the pilot synmbols with the scranbling

sequercelbeavirgtpss epmpaprsdicaspamusalicinmab pareatin sheofirst sequence

¢ ARk coperein the scranbling sequence conprises a

singl e scranbling sequence. 4. The w rel ess

communi cati on apparatus of claim1, wherein the

circuith g9ERNFSSES rocessor. 5. The w.reless .

cormun ib'c atr o n&g%% a rgén?ﬂgm%?mgl “RPFpps O&Iﬁ gﬁ’@ﬁn Wiﬁefe&’& fhe group of first

sonkhepsraedottivogondltates. each pil ot synbol with a

carrier frequency according to a predeterm ned

pattern. 6. The wi rel ess communi cati on apparatus of

cl ai mi, Thaeriaildsscbanpinesheibs afpaeths PRtlagh N, Whefei® 8¥8roup of

for each antenn roug. 7. The wirel ess conmuni cation

3??83&:3?%%?5 a6?§ CgUCRF_rein the circuit is

configured to vary the predeterm ned pattern over

tinme. 8, The wirel ess comuni cation apparatus of claim

1, whéfeilRe B4tsa SPRARRIGHHON FPRB RIS ©pohai 1t wharein the group of

%cﬁﬁ@%@@‘én&e%%é’éxﬂfneﬁﬁg%%?esﬁt ation. 9. The wireless

comuni cation apparatus of claim1, wherein the first

sequence is a Wal sh code.

13. A method of transmitting pilot symbols comprising:

multiplying first pilot symbols for a first antenna group utilizing a first sequence
of a group of first sequences, having a low cross-correlation with each other, and at least
two second seql';ences of a group of second sequences, having a low cross-correlation
with each other;

multiplying second pilot symbols for a second antenna group utilizing a third
sequence of the group of first sequences and at least two fourth sequences of the group
of second sequences;

- transmitting the first pilot symbol from the first antenna group; and

transmitting the second pilot symbol from the second antenna group.

14. The method of claim 13, further comprising:

multiplying the first pilot symbols and the sccond pilot symbols by a scrambling
sequence.

multiplying third pilot symbols for a third antenna group utilizing one of the first
group of sequences and at least two second sequence of the group of second sequences;

transmitting the third pilot symbol from the third antenna group



10. The wi rel ess comuni cati on apparatus of claim1,
wherein the group of first sequences are orthogona
we@owems1131. The wirel ess comruni cati on appar at BGT/U52006/060287
claim1, wherein the group of second sequences are PN
sequences. 12. The w rel ess communi cati on appar at us of
claim1l, wherein the group of second sequences are
exponential codes. 13. A nethod of transmtting pil ot
synbol s conprising: nultiplying first pilot synmbols
for a first antenna group utillezing a first sequence
of a group of first sequences, having a | ow
cross-correlation with each other, and at |east two
second sequences of a group of second sequences,
havingpa | ow cross-correlation wth each other;

mul ti pPyilig TRheshel ¢y {3.dihe conpising meddpiingseachmilet symbol

GR@URC At ﬂr&ju@ﬂcﬁaéchkd'lﬁl ﬁ@%rrﬁfneh %@ﬁ&’ho up of first
sequences and at | east % ourth sequences of the

group of second sequences; transn1tt|ng t he flrst

pi | ot 18Y 'ﬁl@ b QR £ iGind i%i%he?&h?%egétr om’nteﬁ ga rgos]%i same for

transmtting the second
earhemicangigoop. 14. The method of claim 13, further
conprising: multiplying the first pilot synbols and
the second pilot synbols by a scranbling sequence.
mul ti pVyiThg ntetthaddofiildiat 16 ynhidrsohpiisigtRiryidg @ @ed&ermined
g u gt%l|2|ng one of the first group of sequences
na at T'e88f two second sequence of the group of
second sequences transmtting the third pilot synbol

fron1g$ hhlr tenna ﬁ%ou pl5. The nethod of claim

13 1 i LGl Fb ahiessin facheaienngi Sreup egmesppnds to a
viffchend s6a61 e bdst @UBACY according to a predetern ned
pattern. 16. The nethod of claim15, wherein the

predeterm ned pattern is a sane for each antenna
gr 0up39, The method of claim 13, wherein the first and third orthogonal sequences

are Walsh codes.

20. The method of claim 13, wherein the group of first sequences are orthogonal

codes.

21. The method of claim 13, wherein the group of second sequences are PN

sequences.

22. The method of claim 13, wherein the group of second sequences are

exponential codes.

23. A wireless communication apparatus comprising:
means for multiplying first pilot symbols for a first antenna group utilizing a
first scquence of a group of first scquences, having a low cross-corrclation with cach

other and at least two second sequences of a group of second sequences, having a low

cross-correlation with each other;



17. The method of claim 16, further conprising varying

the predeterm ned pattern over tine. 18. The nethod of
w@b@o5i35 wherei n each antenna group correspoPdEUSmO&060287

different sector of a base station. 19. The net hod of

claim 13, wherein the first and third orthogona
sequences are Wal sh codes. 20. The nethod of claim 13,
wherein the group of first sequences are orthogona

codes. 21. The nmethod of claim 13, wherein the group

of second sequences are PN seddences. 22. The net hod

of claim 13, wherein the group of second sequences are
exponential codes. 23. A wireless conmunication

appar afeds R WISy scoBRNSildtQkmbulstfoPh ¥édded fahfedha group utilizing
$|Lot synbol s for a first antenna group utilizing a

thyieg sequens i dhogronp gf S sequenpessandsd dershipwstourhspanpnges of the

bW OF QoA Qb fifhatd;on Wi th each other and at |east two
second sequences of a group of second sequences,

havi ng fastitepsmittss sogbeyred i ironsmit thg fesiatilod sivabolydeons a first
gggndgg.' | yiqng second pilot symbols for a second

antenn I){él?}’ourc)l utilizing a third sequence of the group

of fi astcondduempdtr andfigired easinsivibthesaednd skgspnbels from a
of e group of second sequences; a first transmtter

i ?gﬂ%e gguPTansnit the first pilot synbols froma
first antenna group; and a second transmtter .
confi gur to transpit.t econd pilot synbols froma
seconggaﬁg%ﬁﬁ@“ﬂyﬁﬁ gagﬁgg’ %gbﬁg%@FW¥? any FﬁFﬁﬁghngeadl
pilsttsheiboC @Al i FR@BSECY corfikiiodd pRgeteatie®iph®im.
synmbol with a carrier frequency according to a
predet erm ned pattern.

25. The apparatus of claim 23, further comprising mcans for varying the

* predetermined pattern over time.

26. The apparatus of claim 23, wherein each antenna group corresponds to a

different sector of a base station.

27. The apparatus of claim 23, wherein the first and second sequences are
Walsh codes.

28. The apparatus of claim 23, wherein the group of first sequences are

orthogonal codes.

29. The apparatus of claim 23, wherein the group of second sequences are PN

sequences.

30. The apparatus of claim 23, wherein the group of second sequences are

cxponcntial codcs.

31. A processor readable medium including instructions thereon that may be

utilized by one or more processors, the instructions comprising:



25. The apparatus of claim 23, further conprising

means for varying the predeterm ned pattern over tine.
WQ@8007/0hasappar at us of claim23, wherein each aPtBIA06/060287

group corresponds to a different sector of a base

station. 27. The apparatus of claim 23, wherein the

first and second sequences are WAl sh codes. 28. The

apparatus of claim 23, wherein the group of first

sequences are orthogonal codes. 29. The apparatus of

claim 23, wherein the group ofi8second sequences are PN

sequences. 30. The apparatus of claim 23, wherein the

group of second sequences are exponential codes. 31. A

pr ocegsaucti@adaphRltpein _rﬁrstgﬁﬂou yrBols RSt 4 fifst bBSna group utilizing

t%greon that _may be utilized by one or nore ) )

HEGE sesnge of  gqUR S Hystiseairacet ABYINgialgw Gitsrapetelasion with each

@Er M4 4118y tRDsdcbh@ Ee(ﬂieh&ts_ cﬁﬁé@% of Qcofld %é(@%ﬁces, having a low

antenna group utilizing a first sequence o group of

$Topseorsd gl castethely a | ow cross-correlation with

each . > ce f.a

or oup S e Pl R he LR TRT AR AR Bl frtenna group

elilizng e grirksegueme okithcgmeap lof bir$t eequdnnst andcdt il@rstwofourth

L pl Y ongd pilot synbols for a second antenna

%%g%%%%¥¥p%¥§§& 3P¥%P?%b%%‘ﬁ%?te of the group of first

sequemstsctand fat trimsasittinipvbe fiest Hilbt SeahRnaem Hfirst BGenna group;

%#pup of second sequences; instructions for

ansmtting the first pilot synbols froma first
ant enimatrgetivng foptishshiigingUkd s@08d habt dynbiirbinl A\ cbfantenna
g%%gnd pil ot synmbols froma second antenna group.



