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[0004] When a terminal enters the coverage area of a wireless communication
system, is powered on, or otherwise initially becomes active in a system, the terminal is
often required to engage in an initial cell search procedure to become operational in the
system. During a cell search procedure, a terminal typically performs time and
frequency synchronization with the system. Further, a terminal typically identifies a

cell in which the terminal is located and other critical system information, such as

bandwidth and transmitter antenna configurations.
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[0008] Another aspect relates to a wireless communications apparatus that can
comprise a memory that stores data relating to one or more sectors and a frequency

reuse pattern corresponding to a set of frequency shifts. The wireless communications
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[0012] According to a further aspect, a method for performing cell acquisition in

a wireless communication system is described herein. The method can comprise
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computer-executable instructions for performing cell search in a wireless

communication system. The instructions can comprise obtaining information relating to
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[0023] FIG. 6 illustrates frequency reuse patterns that can be utilized for the
transmission of a reference signal in accordance with various aspects.

[0024] FIG. 7 is a flow diagram of a methodology for transmitting reference
signals and provisioning resources for use with transmitting said signals.

[0025] FIG. 8 is a flow diagram of a methodology for identifying a source of a
reference signal based on properties of the reference signal.

[0026] FIGS. 9A-9C are flow diagrams of methodologies for reference signal

detection and processing.
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device and the computing device can be a component. One or more components can
reside within a process and/or thread of execution and a component can be localized on
one computer and/or distributed between two or more computers. In addition, these
components can execute from various computer readable media having various data
structures stored thereon. The components can communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by

way of the signal).
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[0034] Various aspects will be presented in terms of systems that can include a
number of devices, components, modules, and the like. It is to be understood and
appreciated that the various systems can include additional devices, components,
modules, etc. and/or can not include all of the devices, components, modules etc.

discussed in connection with the figures. A combination of these approaches can also

be used.
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communication networks having any number of sectorized and/or unsectorized cells are

intended to fall within the scope of the hereto appended claims. For simplicity, the term
“base station” as used herein may refer both to a station that serves a sector as well as a
station that serves a cell.

[0037] In accordance with one aspect, terminals 120 may be dispersed
throughout the system 100. Each terminal 120 may be stationary or mobile. By way of

non-limiting example, a terminal 120 may be an access terminal (AT), a mobile station,
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unsectorized cells are intended to fall within the

scope of the hereto appended clains. For sinplicity,

the term "base station" as u9ed herein may refer both

to a station that serves a sector as well as a

station that serves a cell. [0037] In accordance with
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tiple-acceSs schenes. TDVA utilizes time division
orthogonahzed by transmitting in different time intervals. FDMA utilizes frequency

division multiplexing (FDM), wherein transmissions for different terminals 120 are
orthogonalized by transmitting in different frequency subcarriers. In one example,
TDMA and FDMA systems can also use code division multiplexing (CDM), wherein
transmissions for multiple terminals can be orthogonalized using different orthogonal
codes (e.g., Walsh codes) even though they are sent in the same time interval or
frequency sub-carrier. OFDMA utilizes Orthogonal Frequency Division Multiplexing
(OFDM), and SC-FDMA utilizes Single-Carrier Frequency Division Multiplexing (SC-
FDM). OFDM and SC-FDM can partition the system bandwidth into multiple
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communication in system 200, such as timing of system 200, frequency resources
utilized within system 200, the bandwidth of system 200, which base stations 210 in
system 200 are transmitting, and/or other parameters. Thus, to become operational in
system 200, terminal 250 can obtain these parameters and/or other necessary
information for communication through a cell search or cell acquisition procedure with,
for example, a base station 210.

[0043] In one example, a terminal 250 can perform timing synchronization with

system 200 and/or base station 210 during a cell acquisition procedure to obtain
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by base station 210 into individual signals 232-238 and/or combinations of signals.
[0046] Base station 210 can also include an artificial intelligence (AI)
component 220. The term “intelligence” refers to the ability to reason or draw
conclusions about, e.g., infer, the current or future state of a system based on existing
information about the system. Artificial intelligence can be employed to identify a

specific context or action, or generate a probability distribution of specific states of a

system without human intervention. Artificial intelligence relies on applying advanced
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information obtained from another signal, such as PSC 232 and/or SSC 234, to locate
RS 236 in frequency. Alternatively, detection component 260 can perform non-
coherent detection for a signal over a modulation symbol or time period by directly

summing the signal in the frequency domain over the symbol or time period. Based on

results obtained from coherent and/or non-coherent detection over given symbols and/or



search information 230, thereby allow ng term nal 250
to becone operational in system 200. Further,
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[0051] After a PSC and SSC are detected as illustrated at blocks 302 and 304, a
reference signal (RS) can then optionally be detected as illustrated by block 306. A
reference signal can be constructed using, for example, pilot tones transmitted in a given
pattern in time and frequency. A reference signal can be used to convey a cell ID in the
event that a SSC provides only a cell group ID. In addition, a reference signal can be

used to provide other system parameters as discussed in further detail infra. Procedure

300 can then continue as illustrated at block 308 by demodulating signals received over
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information regarding a number of sectors served by a given Node B (e.g., a base station
210). Reference signals for sectors within a cell served by a Node B can, for example,
be multiplexed using code division multiplexing (CDM) to share time and/or frequency
resources. Therefore, knowledge of the number of sectors served by a Node B prior to
detection of a reference signal can additionally improve detection performance. In one

example, information regarding the number of sectors served by a Node B can be
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and/ or the broadcast channel can be made able to use
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s uplléc’ Ist%c%?r’e fél_}’s a (?ovsrﬁlsn&y f%drne Eltecalnnbfe%r‘utl"l%éd R'% wireless communication
system. As illustrated by structure 400, a frame can be arranged as a series of slots in
time, one or more of which can be used for transmission of signaling and/or shared data.
In one example, a cyclic prefix utilized by a wireless communication system to mitigate
interference resulting from OFDM can be determined by a terminal during cell search

based on information provided in one or more subframes in a downlink frame such as

the frame illustrated by structure 400.
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addi t(fohnra ?Icl)llil Tudds ct:yecm: prefix (CP) to mitigate the effects of interference within a
system in which the sequence is used. In one example, a CP used in connection with a
reference signal can be a short (e.g., normal) CP or a long (e.g., extended) CP. In the
case of reference signals utilizing normal CP, orthogonal sequences can be applied to
the reference signals to allow multiplexing of reference sequences transmitted from
different cells (e.g., sectors 104) in the system. Alternatively, in the case of reference
signals utilizing extended CP, cells from which reference sequences are transmitted can

be distinguished by utilizing different PN sequence at each cell.



transm ssion structure 400 can be replicated from cel
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[0062] In accordance with one aspect, transmit power utilized by respective
antennas at a cell can also be adjusted to improve reference signal detection
performance at a UE. By way of specific, non-limiting example, for the case of a cell
employing 4 transmit antennas as illustrated by diagram 530 in Fig. SC, a variety of
power usage strategies can be employed to improve pilot detection performance. For

example, available transmit power for a sector can be uniformly distributed across all
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frequencies. As another exanple, diagram520 in Fig.

5B illustrates an exanple reference signal structure
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[0064] In accordance with one aspect, reference signals transmitted by one or
more sectors can be constrained in frequency as illustrated by diagrams 610-630 to
improve detection probability at a UE (e.g., a terminal 250). In one example, reference

signals can be transmitted as illustrated by diagram 610 from multiple sectors.
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frequency shift utilized by one or more sectors for reference signal transmission can be
conveyed to a UE through a PSC, SSC, and/or another appropriate signal prior to
detection of the reference signal(s).

[0066] In accordance with another aspect, the frequency shift patterns illustrated
by diagrams 610-630 can be utilized as a basis for multiplexing reference signals from
different sectors using frequency division multiplexing (FDM). Conventionally, a

reference signal is multiplexed using code division multiplexing (CDM) by applying an
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identify reference signals transmitted from individual sectors.

[0069] Referring to Figs. 7-9, methodologies for cell search in a wireless
communication system are illustrated. While, for purposes of simplicity of explanation,
the methodologies are shown and described as a series of acts, it is to be understood and
appreciated that the methodologies are not limited by the order of acts, as some acts

may, in accordance with one or more aspects, occur in different orders and/or
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atsteaed &ca given emetivadegifodmt Slvdk d62 forirbiedenice sgnai traﬁsnmssmn can
& %@Jigdallglqg&gased or decreased in relation to a transmit power for data and/or
transmissions. Further, adjustments made at block 704 can be constant or cycling.
[0072] Upon completing the acts described at blocks 702 and/or 704,
methodology 700 can proceed to block 706, wherein respective sectors or groups of
sectors are assigned to respective frequency shifts based on a frequency reuse pattern.

In one example, frequency shifts assigned at block 706 can be applied to pilot tones that

constitute reference signals from the respective sectors as illustrated and described by
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received at block 800 can convey information based on their time location within a

radio frame, a sequence(s) used for their construction, and/or other factors. In one
example, the information received at block 802 can include frequency shifts used for
transmission of reference signals from various sectors served by a NodeB (e.g., a base
station 210), which can be based on cell IDs of respective sectors or group IDs of
respective groups of sectors. In another example, synchronization codes received at

block 802 can also contain info regarding the number of sectors served by each NodeB
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2

(e.g., 0.5 ms). Further, at the time a reference signal is transmitted, a terminal may not
know one or more parameters regarding how the reference signal was transmitted. For
example, the terminal may not know the number of transmit antennas used to transmit a
given reference signal, which can affect the structure of the reference signal as

described with regard to Figs. SA-5C supra. As aresult, the terminal can attempt to
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more hypotheses in a similar manner to block 912 of methodology 910. Next, at block
924, non-coherent combining is performed across the time periods for each hypothesis
considered at block 922. In one example, coherently detected partial results obtained at
block 922 can be non-coherently combined at block 924 by first obtaining the energy of
cach partial result and then summing the total energy over the time periods for each
hypothesis to be considered. Methodology 920 can then conclude at block 926 by
selecting a hypothesis based on the results of the combining performed at block 924.



gi ven reference signal, which can affect the structure
of the reference signal as described with regard to
WO-2@s8/05B98 5C supra. As a result, the term nal PBEFIUS2007/083265
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conclude at bl ock 916, wherein a hypothesis is
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etec procesSsing a ret e sl gna
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detection i e for a reference si ovel a.
sepiv e 1950 %é?ribgﬁgwfe&} gy bo Hilizggin ¢ 8&%@&@ ajsipgle
&Jtﬁhﬂ'fblsﬁfglé%ﬁﬂtearnténﬁa Ry @gk. 912 of nethodol ogy 910.
, 924, non-coherent conbining is
Mﬂbr rred hnarccelsianctaewﬁh ec mn¢totﬂ$ffltdataéath nhlylb@tdfei@tasetreams

g&@(‘&‘%@%ﬁe ag 3@%@5{&6}: @g@bﬁn@ %O L(E@rgrzﬁre?e s{g%llrcee’ 10‘19*@06 A %ransn’flt (TX) data
processor 1014. In one example, each data stream can then be transmitted via a
respective transmit antenna 1024. Additionally, TX data processor 1014 can format,
code, and interleave traffic data for each data stream based on a particular coding
scheme selected for each respective data stream in order to provide coded data. In one
example, the coded data for each data stream can then be multiplexed with pilot data
using OFDM techniques. The pilot data can be, for example, a known data pattern that

is processed in a known manner. Further, the pilot data can be used at receiver system



bl ock 922 can be non-coherently conbi ned at bl ock 924

by first obtaining the energy of each partial result
W@rwsosmses sunmmi ng the total energy over the tiP@I/US2007/083265

periods for each hypothesis to be consi dered.

Met hodol ogy 920 can then conclude at bl ock 926 by

sel ecting a hypothesis based I, the results of the

conmbi ni ng perforned at bl ock 924. WD 2008/ 057898

PCT/ US2007/ 083265 25 [0079] Fig. 9Cillustrates a
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provided at transmtter system 1010 from a data source
POEssing technrquesorptovideXyr ‘Geteatedp me@ssmeam@lm oncrexemple, cach

géé‘c%’é SG}}mbeo?%Eea%tcgn ﬁ’ltc WG8 @r%ﬁ‘o’ls t[ha(te Qrebe%tlrtngl 203 htetrgodquatlon
symbols transmitted for the corresponding data stream. RX processor 1060 can then
process cach symbol stream at least in part by demodulating, deinterleaving, and
decoding each detected symbol stream to recover traffic data for a corresponding data
stream. Thus, the processing by RX processor 1060 can be complementary to that
performed by TX MIMO processor 1020 and TX data processor 1014 at transmitter
system 1010. RX processor 1060 can additionally provide processed symbol streams to

a data sink 1064.



respective transmt antenna 1024. Additionally, TX
data processor 1014 can format, code, and interl eave
W@ e@BO589%lat a f or each data stream based on a PCT/US2007/083265
particul ar coding schene selected for each respective
data streamin order to provide coded data. In one
exanpl e, the coded data for exdtch data stream can then
be nmultiplexed with pilot data using OFDM techni ques.
The pilot data can be, for exanple, a known data
F)@%RF rn thfacchRlaREQSRT §ﬁ’éja Betathk Qﬁﬂﬁhe[@c@g@{se cEtthitB8Enerated
he pilot data can be used at receiver system WO
BYBY 057898 IPCT/cuisRO0RA08 pB6rm Atcd/BOBE ffroceesng arthe receiver,
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164r hand trosaitteddack ® tgansmattgulsystgm 10110.t br gddam, a data source 1016
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Wéhnas 1B2deatitraneutier sozen 10 e shremodulated sighale §@m regeiver
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signal from each antenna 1052 can then be provided to
feé‘gb%él@q Gl tepariediay (repizergystem 1050 dmanessimile therparted CSI
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onvert) a respective receive
coding ammembihdatd@ndhtmenedesisghédr ohe opmowd @hea stsarml dde

%gqrxtélgf)cg?%{locgns rgggilgtgalssacggxﬁ%l escfatn(%g%) rléeapﬁoow dsm'(%d F@@ranscelvers 1022

Mr M 8t o ERPESERin LR QArahaRistiBR 0 BEEI & ]y aBH 1B50C ’Agitionally
he NR received synbol streans from NR tfanscei vers

atﬁgdr dimetivey, the peporticd GiShican berieddry progossad 830 tp generate various

%ﬁg&i&%ﬁg&?&%ﬁ%ﬁ&%& 1\654a913t’[%g1\/ﬁﬂ/10f’) orggsoslor f(SiOe ahr{%hothgr
example, CSI and/or other information processed by RX data processor 1042 can be
provided to a data sink 1044.

[0086] In one example, processor 1030 at transmitter system 1010 and processor
1070 at receiver system 1050 direct operation at their respective systems. Additionally,
memory 1032 at transmitter system 1010 and memory 1072 at receiver system 1050 can
provide storage for program codes and data used by processors 1030 and 1070,

respectively. Further, at receiver system 1050, various processing techniques can be



det ected synbol stream can include synbols that are
estimates of the nodulation synbols transmtted for
w0 b@sosIssespondi ng data stream RX processor 1PGODUS2NA7/083265
then process each synbol streamat |east in part by
denodul ati ng, deinterleaving, and decoding each
detected synbol streamto reciver traffic data for a
correspondi ng data stream Thus, the processing by RX
processor 1060 can be conplenentary to that perforned
QéédTg(gMcE@ thE R ¢&2Rled Js%%gls {6 get@% tQ@N?trQﬁs%ﬁﬁ&F %7 mbd dfcams.
at transmtter system’l RX processor can
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be used Eer orm space/time processing at the
teéh@qu whlc djam 8lso0 hovierredtpedss suashssigantepigiange pangellation” or
nat S 5 oth rlate actions.
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f the "o ting" SNR for . th ystem _Processor 1070
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transmtted back to transmtter system 1010.
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can then be received by antennas 1024, conditjoned by
for Aipawaiting wierows signglsbasrd ot lsepasivaawigrpsaisdeoponasod

by a RX data processor 1042 to recover
Fod-prsset

reported by receiver system 1050. In one
HO0RBpl e, t Elg i 2 plorstretds GShppatans Mthhlefa@tlmVesdéﬁtltﬁ@atlon ofa

rocessor and useﬁm det ne.data rates as
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ABBarRfus TOH® AR AnSH SRS mTah@E (9 gL, SRR 2SORIHbrR6ther
modul ati on schemes can then be pFovided
suinhkoeitwaksnti@2hd can include a module 1202 for obtalnlng information from
one or more synchronization signals regarding frequency shifts utilized for reference
signals at respective cells, a module 1204 for receiving a reference signal from a cell
over a set of frequency resources, and a module 1206 for identifying a cell that
transmitted the reference signal by comparing the frequency resources on which the
reference signal was received with the obtained frequency shifts.
[0089] It is to be understood that the aspects described herein can be

implemented by hardware, software, firmware, middleware, microcode, or any

combination thercof. When the systems and/or methods are implemented in software,



for quantization and/or use in |later transm ssions to
recei ver system 1050. Additionally and/or

W@ kaossmsps vel y, the reported CSI can be used bRCT/US2007/083265
processor 1030 to generate various controls for TX
data processor 1014 and TX M MO processor 1020. In
anot her exanple, CSI and/or 2t her information
processed by RX data processor 1042 can be provided
to a data sink 1044. [0086] In one exanple, processor
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[0088] Fig. 12 illustrates an apparatus 1200 that
facilitates identification of a cell (e.g., a sector
wausiosrses/ st em 100) from which a reference si gPel/UB207/083265
recei ved. Apparatus 1200 can be inplenented in a UE
(e.g., a termnal 250) and/or another suitable
network entity and can includ® a nodule 1202 for
obtaining information from one or nore
synchroni zation signals regarding frequency shifts
utilized for reference sigia{pyat respective cells, a
nmodul e 1204 for receiving a reference signal froma
cell over a set of frequency resources, and a nodul e
&égg.gﬁn igentlfylng a cell that transmtted the
Pért®°Signal by conparing the frequency resources

on which the reference signal mas recelved wth the
obt ai ned frequency shifts. [0089] is to be
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When tdegrirpys freqiEnaneiudd p z[’f’%hhéldéasﬁ[ artp) RIRiya d Buse set of
software, WO 2008/057898 PCT/U82007/083265 29
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ﬁﬁ@ﬁm@ﬁﬁgﬂn%ﬁﬁﬁvigﬁadﬂh@ﬁCd@Ssage passi ng, token
passi ng, network transm ssion, etc. [0090] For a
software i nplenentation, the techniques descri bed
her ei p. canThemethaglogRirh adwhedeh thodidk@g copeises linking respective

procedures, functions, and sq on) that performthe
ellsde resnectiyesels ohBaayraries hasetpa cshibyaf eé@@@é@W@éﬁﬂb@ld the

%&Eﬁ cﬂngﬁg&rr}{ulﬁﬁ %r‘hgﬁﬂ@' ef&%&é‘e%oﬁﬁlsbfﬁr 951%%ﬁ§s§&{l§y the

ry uni't can be |np ement e
pspeotiss o¢llsan freguémelynal to the processor, in which case
it can be comrunicatively coupled to the processor
via various nmeans as is known in the art. [0091] What

has bgen degcri-pRd 2RAYS 1l RALUHESC BXRIBIB/ ngsq{}ﬂ’m%r respective
more “aspects. It is, of course, not p033|8

dadbsdo r&seecelwe 5§ts 06 fregionalsh bassdiwbignatri 61 wicell gmup@ tCEWh@h the
ies for purposes of describing the

SR R o ot

4. The method of claim 3, wherein the generating comprises:

multiplexing reference signals for transmission by respective cell groups in
frequency; and

multiplexing reference signals for transmission by respective cells in the
respective cell groups in code at least in part by applying respective orthogonal

sequences to the reference signals for transmission by the respective cells.



but one of ordinary skill in the art can recognize
that many further conbinations and pernutations of

W@ 2008055898 spect s are possi bl e. Accordi ngly, thRCT/US2007/083265
descri bed aspects are intended to enbrace all such
alterations, nodifications and variations that fal
within the spirit and scope 3f the appended cl ai ns.
Furthernore, to the extent that the term "includes”
is used in either the detail ed description or the
clainms, such termis intended to be inclusive in a
manner simlar to the term"conprising" as
"conpbi si n@he msthoid roif e}aﬁmdt wpicrehethe drapdnoyten iasludes conducting
aran itional word urtheynore the te

ispon IQBO‘EPstéadlSWFS’é)PtOE éiﬁtataﬁ ﬂ*e&swgﬁﬁ%eac SSppg &eﬂwcw Spjpehich

rdfebn® é%a[%@hoﬁt@an%lt%d AT refHeetivsiarg. or. " WO
2008/ 057898 PCT/ US2007/ 083265 30 CLAIMS Wat is

claimed is: 1. A nethod for coordinating transm ssion

of si gnal STfle me ﬁ%lls ‘ﬁleroe{]n 8 1inRind! %p? §?s asmgmn%y

conmuni cat i oh sysgenl conpr|3|ng ©CPeaeing r'éq

FeSpsetivp ailel Rdnidy dhifts @@t redpeParetcelly af 9 i part Bgpafdras
set of frequencies at which a reference signal can

megnermPerAEan andlappFyi ghaisercstivaeslle in Folaipuen @;ﬁotghwmlger of
%?qt*elﬂgy BARe uﬁﬁ%edqfl tlf< &ZHI%H ﬁ%e «@hfain shifted sets

requencl es; pec e cells to respective
sets of frequenC|es in the frequency reuse pattern

sel ected fr consi.sting of t base set of
the f ?equeiﬁg q@ﬁ&f @ﬁgﬂ ﬁF?hF%BO ﬂ%%?de Tpstiogpener wilized for
hasefls9sh bAROtd b RESsiBald ah%hé &%&%ﬁ% vaiscel I's;

generating reference signals for transm ssion by the
respectlve cells on sets of frequencies respectively

i nke &Fe Cﬁ@ ?nd tr nsn1 ng the reference
si gna s at tHE® 9;95 SRR f"i%l seﬁ@smcw@%f
f r eqURRGIIBSnd £HIRRLT YEdhshiitHr@GHnhOtot BrQsE@ i ScellPfor A mitting a

met hod of "claim 1, wherein the |inking conprises
ﬂﬁﬁﬂ%@ﬂm@éﬁ@dtlve cells to respective sets of

fr Sqtjﬁﬁ} %(J)I‘EIZ% 81%%% nﬁg 88 ell ut hD%d %r {a%glin{sg%g%ﬁm r%fe? chee %1gnal at

th%fcell amotg m@l@*aﬁt}f (cfrtratnsrart&meﬁﬁa@n by the respective
cells in frequency. 3. The nethod of claim1l, wherein
the |inking conprises linking respective cells to

respegt i VeTﬁ@fn% Ecﬁﬂ%”%%%hpﬁé%g] Qﬁﬁgés sleéjs of

cell groups to respectiv el ong.
identifying a plurahty of transmit antennas to be used at a cell for transmitting a

reference signal; and
cycling power utilized for transmission of the reference signal at the cell among

the plurality of transmit antennas as a function of time.

10. The method of claim 7, wherein the adjusting comprises applying an
offset to the power utilized for transmission of reference signals at respective cells such
that power utilized for reference signal transmission is higher than power used for data

transmission at the respective cells.



4. The method of claim3, wherein the generating
conprises: nultiplexing reference signals for

WQ e@Re5I88%si on by respective cell groups in fregUueEsy7/083265
and nultiplexing reference signals for transm ssion by
respective cells in the respective cell groups in
code at least in part by appl3d ng respective
ort hogonal sequences to the reference signals for
transm ssion by the respective cells. WO 2008/ 057898
PCT/ UpR00718320Rd o%%la‘ﬁn lThﬁ'th@FE(;}ﬂlgr ﬁ’ét%hﬁﬂtﬂig one or more
wherein the transmtting iIncludes cond%ctlng
sinsbnization osdes angpingkd ymchifontration eddes peovidssipériniatien

cells u frequencies on which reference signals
Eﬁéﬂﬁ%i%?ggﬂ ¢ EQHGQP%FHE respective cells. 6. The

nmet hod of claim 1, wherein the |inking conprises
assigning respective frequency shifts to the
respet?i veTbemethodiof ckéstl i wheraintthesynsbrongrapipmgodes further

rovi’ﬁe IR ?ntf? : oar‘%lo td ‘Ijac? t!flf Icgﬁerﬁ%{fd&ec ion §§ %?er&llc\é%lgnals

Inre reque

shishligediitirbdpeetvd sellkhe frequency reuse pattern. 7 The
met hod of claim11, further conprising adjusting power
utilized for transm ssion of the reference signals at

the regpechi %ﬁel‘e‘s%'c'oﬁrmlﬁncamﬁs %Bgatamlgsé n{)mﬁhﬁhg‘

wherein the adjusting
pl ur ah rrteynoﬁ)ﬁ tltat stnﬁemdhtaarelraﬁmg]asoﬁemr eore sedoratind a €eljliency reuse

for transn1t rence signal; and uniformy
BRLECER PRITRSP Fscypf frﬁ%@acsr 6‘}1h$ P8fsmi ssion of the

referg Bfo‘%eﬁbg&ﬁ{ﬁgﬂ'ed th Q?s@t‘?f'els &R Qre% cPhRatd fe)(p&tlve sectors
transmt antennas. 9. od of claim7,

bived adjidentifiog chtﬂlrp rr¢8@e<snve| Sd@tmt& afgtite glualmebme&rcrto;c stg‘nals

d at
(b ST RS ROPR Tt Sockita BB ayiiae o fistruc e tmpsigisiop of the

ifbroh Zgbaf at tKARSHECESE QdtRS of RBpERHEEED Q?frédtu&ﬁéﬂes Bised on the
the cell anmong the plurality of transmt antennas as

asstanad ficaweney shiftse. 10. The method of claim 7, wherein
the adjusting conprises applying an offset to the
power utilized for transm ssion of reference signals
at respect Thewdrelekscam@binichtivak appametus uf tlhinz €31 Witsrein the
reference signal transm ssion is higher than power
iflentifigrs fordhe ESPRCHiNm SRS pEsreeHtDe fier tg@ E39BRALIVE 8CERIS] s .

WD 2008/ 057898 PCT/ US2007/ 083265

15. The wireless communications apparatus of claim 13, wherein the
identifiers for the respective sectors are cell group IDs for cell groups to which the

respective sectors are located.

16. The wireless communications apparatus of claim 15, wherein the
processor is further configured to multiplex reference signals transmitted by sectors in
respective cell groups in frequency and to multiplex reference signals for transmission
by respective sectors in the respective cell groups in code by applying respective

orthogonal sequences to the reference signals for transmission by the respective sectors.

17. The wireless communications apparatus of claim 13, wherein the

memory further stores data relating to a number of available transmit antennas at the



32 11. The nethod of claim11, further conprising
transmtting one or nore synchronization codes,
wWoR@BMO571898 he synchroni zati on codes provi de i nf BCTEHS200T1083265
regarding the frequency reuse pattern. 12. The net hod
of claim 11, wherein the synchroni zation codes further
provi de channel information t33 facilitate coherent
detection of reference signals transmtted at
respective cells. 13. A wreless comuni cations
?&ﬁ% Wotor§ FoMFdnSinfiSion df TEPRAYe §1§1ﬁfls SOhe r&%s@r is further
ating to one or nore sectors a req ency reuse
patftgaremi to adjussppoviuti z¢dofoa treemisdior oktheaesferenshsigiads at the
and cessor configured to assign respective
F?@ﬁ%@g Yhifts to respective sectors based on
|dent|f|ers for the respective sectors and to
mul tiplex reference signals transmtted at the
r espet8.i veTBewirgless ¢q1nmu@qatm;apwaﬁuﬁ of elaien | hgvherein the
trro%gsségn 1%%111%{]61‘ % nftlgsu?ed {oe({e? rrgln Ceewﬁetger at f’ea ?Noqgansrmt antennas are
espective Sect on resp ecti Ve set's o requenci es
bﬁﬁl@ﬂlecﬂﬂr frAiBmi Ko cgneﬂérefnb@ Gige41S Yt Sdvictor and, dpon Thesitive
wi rel ess commrunj cati ons appar at us of cIa|n113 wherei n
determingfiy (o disiFibutcgroven atihized fap ranpenisean ofrgferinge signals at the
I s
bR ok P BIERREEL K ATE R it Mo O B ERAGER
identifiers for the respective sectors are cell group

| Ds f cel| groups to which the respectjve_sectors
are | Gat ELG bR %@WP@P@%S@BW&W? Bhelnihd7 T-apsariathes

B{focgéséil Dedebher %@ﬁ?ﬁ Pl WIOSES SR the ﬁo&zé‘t" §th8Ed for transmission
configured to nultiplex reference signals transmtted

b@/re@cttco rsEEnily at rasppeict isveors shich t@a‘mjw@rdexfeﬁ etieddyr mihidtence
[ tipl f b
peaddun BT o0 SRR R Rt B BT b for det

froskeni orPRIhYiREectioS RRedk ve orthogonal sequences to
the reference signals for transm ssion by the

respective sectors. 17. The wirel ess comuni cati ons

appar gf us ?fle lll% e[s]g go%mml%gt?o%e%)gﬁ?mava 1¥%:l§l Ibe%m th

storeS data re anems
proceoeis fadthdr Iaenﬁ’garé’c()@ah@ﬁlwasnﬁﬁgdldﬁsaﬁafdrﬁaﬁ&ﬁ&latﬁg to the
respective sectors for transm ssion of reference
gff@ﬁﬁ apRlicdria thapowsr geilizxider the tragpmission of grfercaes Banalpat the
?&ﬁ&e?&%ﬁ% utilized for transm ssion of the
erence signals at the respective sectors.

21. The wireless communications apparatus of claim 13, wherein the
processor is further configured to instruct transmission of one or more synchronization

codes that provide information relating to the frequency reuse pattern.

22. The wireless communications apparatus of claim 21, wherein the
synchronization codes further provide information relating to a number of sectors served

by the wireless communications apparatus.

23.  An apparatus that facilitates cell acquisition in a wireless communication

system, comprising:



18. The wi rel ess communi cati ons apparatus of claim17,

wherein the processor is further configured to
wa@la0e0sispe whet her at | east two transmt ant enP@eUs2087/083265

avai l abl e for transm ssion of reference signals at a

sector and, upon a positive determnation, to

di stribute power utilized for34ransm ssion of

reference signals at the sector anong the plurality

of available transmit antennas at the sector. 19. The

wirel ﬁé%%mﬁﬂi@g P L%ﬁ@}afe%éjﬁat%ﬁn %Iﬁﬁt‘f@i%resl#%ﬁgg §dls of

the processor | furth%r configured to apply a

ttquaties corr¢spopbngto igspdctivefiequency stafisni ssi on  of

reference signals at respective sectors such tha

power mlegqp T gis}gn]u}_ger&sgetgﬁgq %?%F&% ghlhg fogrﬁ‘sﬁecgve sec%orsabased at

[h &N Phi® oh A REquehS feBSREiVdSBEtRTeSs Br HcdBglectitaRcrs; and
power |evel used for data transm ssion at the '

r es peBichnsdos eeargingting@answhssion qfatiessnce signilp irtilie rensctive sectors
PEREHS: HEufhriSL AU 0 B B R s REGETSR S Bavienca o he
sgfps.mation relating to the offset applied to the

power utilized for the transm ssion of reference

signals at the respective sectors. 21. The wreless
comruni cati ons apparatus of claim 13, wherein the

processor is further configured to instruct

t r ans?d.ssi Arcoafpuanecalabronalisyinami@isirgat i on  codes

that provjde information relating to the frequenc )
reus eg‘?ﬁ%tfj%?%smézﬂ. CORALGRIQ BFNSEALC & SISALICY AFYse patten ht least in part

. . feter i
B e B R A Do

ofrrespetdnstosespeetive figquchey shiift phesetagnmuni cat i ons

apparanf%. 23.. An aggfggius that.faculitagegicellf f
acqui S995 TBhSHUANE AGOFBRNES 0 RSRAATITRREF BT Co8y &y igppective frequency
SOfRRSARGSs bY¥d 2PRB4HGS &P 8n RIChiHSL 90:7thO 833ERive 34114TRANS

for identifying a frequency reuse pattern conprising

r es peeadovier menaging consiraefisariaid srngrorspien pbraderagcetsagnals at the
C1 i frequ [ fts. 0 SSi gRi -

FSBBEEE HYB & BEUBNE P RS L S50 s

pasmetcal assdasd with tixadckpdetivé bidlsf requency reuse pattern
and identifiers for the respective sectors; and neans
for coordinating transm ssion of reference signals at

the r sspe Ckin\{ﬁte %I%fetdcbﬁr%uf? that @zte%ufé% cI)ﬁlgﬂtléf"-QfécﬁfaP%esinstmctions for

corresponding to the respective frequency s
assagine ttardsmitdien ofSse@taby for cdBacqhistamputerirdeadabinainication
nediun% conprising: ..
system, the mstructions comprising:

assigning respective frequency sets for transmission of a reference signal to
respective sectors based on a frequency reuse pattern and identifiers of the respective
sectors, frequency shifts are applied to the respective frequency sets based on the
identifiers of the respective sectors; and

coordinating multiplexed transmission of reference signals at the respective

sectors in frequency by instructing transmission of reference signals at the sectors on the

frequency sets respectively assigned to the sectors.

26. A method for performing cell acquisition in a wireless communication

system, comprising:



code for causing a conputer to generate a frequency
reuse pattern at least in part by generating a base

WO e@gusises set and one or nore shifted frequenegI/E81087/083265
corresponding to respective frequency shift
paraneters; code for causing a conputer to associate
respective cells to respectivd frequency shift
paraneters based at least in part on identifiers for
the respective cells; and code for managi ng

CONST FAEIRLRME nidr@BRTthRpi AloR bod & BRGNS RFGRALIS

ardin
the respective cells on frequency sets gorrespondlﬁg 8
froqueney rasswect isee bf respaencesesthisffor trpmmasseinesfgeference signals;

associ at.ed mﬁtE t he respéctive cells. 25. An

i nt egrat'stsd FEUFee Ot %@@GF@anonputer-executable

I NSt richli RSy af 4 of TIBNRALVELsbrdESEH which "t‘h&fefe‘iétﬂ:@%ig%af Whs
cel| acquisition in a wirel ess comunication system
raselvedignduct i ons conpri sing: assi gning respective

freq UG 5 ?ne ttﬁe fsé)crt rtf{roanrll %@1&13‘&18 ?efgge & d elga? e e rP)gsled at
to respeg'ﬁ%e Sectors based on a Preq%ency reuse

Rakttie phrt an thd id&rtknafibieesntaihed MEhE SFRBEINIMEON 560 @RS the set of
frequency shifts are applied to the respective

frequpnen Epowsessoh el tnrefgenceisymat vas Weavet t he
respective sectors; and coordinating nultiplexed

transm ssion of reference signals at the respective

sect 023 i nThe egthed @y chym i26stvherein thg syrcarmindasisn oodesffurther

reference signals at the sectqrs on the frequency
sty ﬂ%@ﬁ%@t%@@%&%‘%@&cx %lnf%ppé@emrgr}snz 10 of reference

ngﬁanp frofrQes REHTOERIL£EEY bn FRAHTiSis ol Qb deBrofs, Wi T €l ess
comuni cation system conprising: WO 2008/ 057898

PCT/ US2007/ 083265 35 receiving one or nore

synchgoni zati on .cqdes, contai pi ng .infprpgation,.regardin

T oquéticy 1 BEBRHEIST S 2y Pugiieht  FalBen e SN sector
Imafes McSebers, of reference signals; receiving a

reference signal froma sector; identifying a set of

frequency resources on which the reference signal was

recei y&d; ?‘Hgmieﬁ%rdtoif fc%'nﬂ%7 t \rﬂ}ger%ﬁlct}lg fde {iﬁ%]s \é'ﬂh%!leétgfs ¢ sector
referénce srgnal was recéive ased a east i'n paﬁ?
gidup MBs FaifsectoBgoaps @ovtiiah fRededpdctiveescsipicdit (wthd] dmeithe
codes and the set of frequency resources on which the
PEIBoaaEoR pefies furies corai; hogmaton regpdingearhiogo cedasiysed for
AR RSB STLO8, SOURR Y L T
transm ssions of reference

30. The method of claim 26, wherein the receiving one or more
synchronization codes includes receiving one or more synchronization codes from a

base station, the synchronization codes provide information relating to a number of

sectors that provide coverage for the base station.

31.  The method of claim 26, wherein the synchronization codes provide
information relating to a power boost applied to transmissions of reference signals at

respective sectors in relation to other transmissions at the respective sectors.

32. The method of claim 31, further comprising computing one or more

channel quality indicators at least in part by discounting a power boost applied to a



signals fromrespective sectors based on identifiers
of the sectors. 28. The nethod of claim27, wherein
W@ b@siosses i fi ers of the sectors are sector | DBCT/O820011€83265

sectors. 29. The nethod of claim 27, wherein the

identifiers of the sectors are sector group IDs for

sector groups in which the reXpective sectors are

| ocat ed, and the synchronization codes further

contain information regardi ng orthogonal codes used

{rsmifH bR QYLD Rferb Sl Qf AL Ko AR ﬁlotré ﬁ(‘)\)%? Iﬁéé%greménts used

sectors In a common sector group. 30. The net hod

o @inmugbthe whamel qualieindeewirvi ng one or nnre

synchroni zati on codes includes receiving one or nore

synchroni zation codes froma base station, the

synchgoni zgthé ARtHeQHESIaRh Q8! WBereftRE FREIVMY 4 RF&EARGidnal

a nunmber of sectors that prOV|de coverage for the

BRIBRIISSS deterniniigla nurher o traesanibantennas rsEor whisneibsion plethe

fc’e\fer&l?creosrf'nza ‘rtlgast H}OI? %fc’b at pqglg to ggtgctqﬁé e?eren el at I Pgn&e(? one or
AN 0 ere

n.r
power 00S m SSiI ons re nce

ﬁio%l@@tl&_@es do@ePREidingeo s@@b@rv& ttaR s ladtch O cdrdigatdiehs.
transm ssions at the respective sectors. 32. The

met hod of claim 31, further conprising conmputing one

| i i L. i .
oy o S ount PRl a0 SRt Ay gl i
QQQBM@B%&QBrEﬁﬁmusﬁﬁoaﬂﬂﬁﬁﬁaﬁms&ﬁmtmam@ﬂkssion of a

receive fe na e or nDre power .
measuP@ %@@EFM ﬁe}g@m;faf gletr TCORG 8R! R E%ﬂ i Vs of
b{éﬁé@ﬁﬁ%é um?o'%m e g@i’%c{éqgr ot o% 8t Mofon ﬁ@t}fe'é@s' n the

receiving a reference si onprises deternining a
nunb ecolmtfenttlrya:nmblmngmramlnawltssoétalﬂadrfmm dresavhsienodetadtion across

refere ast in part by attenpting
b@%ﬁ%?%%F’ ﬁg%P%h%FﬁﬁégigP nal under one or nore
hypot hg&eise aUHyheHPAN HoRtht Bné 6SRBELHYYBtHeERMadton the coherent
antenna configurations. 34. The nmethod of claim 33,

ograbiaing of éhapariialirpsylta forghdbypashicsey. ansnit  ant ennas
used for transm ssion of a reference signal conprises:
perform ng coherent detection for the reference signa

over 35.ser Tesmefhodf etérh 83 Wwh&dinuttdrtinihg b MBmPer éfaHsmit
for the one or nore hypotheses; coherently conbining
PRI MSGEOn fraRs Ty bR reforgiaetskmab GHBITESE: det ect i on

acr 0S5e.ehfin &dﬂ%r ehied ffgft I?@feﬁ%?@&@ﬁﬁ%%ew@&qle

sel ec Ing a hypothesis Tromt e one or "nore ypotﬁeses
padetdrnoined tvé farahiéme periodsdobihniong oofmotdieypoédresdsal
resul }msn Eo relretn tly com?&nrl]ge Is)a?r%lal results obtained from the coherent detection
across the time periods for the hypotheses; and

selecting a hypothesis from the one or more hypotheses based on the non-

coherent combining of the partial results for the hypotheses.

36.  The method of claim 33, wherein determining a number of transmit
antennas used for transmission of a reference signal comprises:

performing non-coherent detection for the reference signal over a series of
predetermined uniform time periods for the one or more hypotheses;

non-coherently combining partial results obtained from the non-coherent

detection across the time periods for the hypotheses; and



35. The nethod of claim 33, wherein determning a
nunber of transmt antennas used for transmn ssion of

wW@200808788ce si gnal conprises: perform ng coheP@nus2007/083265

detection for the reference signal over a series of

predeterm ned uniformtinme periods for the one or nore

hypot heses; non-coherently cadtbi ning partial results

obtained fromthe coherent detection across the tine

periods for the hypotheses; and selecting a hypothesis

from theape 19hofMBsi€ rBMPARL Bﬁé%@)@@lgo&%s&%ﬁs&% the non-

coherent conbrrning of the partial ults for the

toheotnh esebini@bof thhpartretthodtsdor the AypotBSes.wher ei n

determining a nunber of transmt antennas used for

transm ssion of a reference signal conprises:

per f ogm ngAneRcIeRRShMNnicebREipRMtEDcotpPasih@f er ence

signal over a series of predetern1ned uniformtinme

per i otlsnemery thaestorse deta raigiieg tw@mune@seéﬂfts applied to reference
nalg %Q srrnelﬁe& Mrm[%o as&Ienﬁ N9 ervg(h by ?%Podeﬁ [ edaolnnlagj t1t gn'kthe
€ hoh-coheren 6CtT on°across e peri o or

kﬁ@xﬂyaeﬁhg&es and WD 2008/ 057898 PCT/USZOO7/083265

37 selecting a hypothesis fromthe one or nore

hy pot #BESEssBReEHI2yFPdith Ecasbis-a e BHRICe sitgnalo AprTNiAg 2 dequensy shift
feh% threqréfelrén%e El flalt !ﬂﬁi 1|a¥19[%ec%ﬁ Fhat %strﬁtt% ﬁ%l r@%?ence signal
nmuni cat 1 ons ap , a

Bisod esleataﬁrapztrebmtherf@qhendyrﬁcfu ep]ﬂt)edmﬂfetrsfeeqmpé slgdalt 0

reference signals transmtted fromrespective cells

served by a NodeB based on identities of the

respegg i verheliSicsOnRuRicA%RS 38parR0bF AWne 97 Lherein the
receive a reference signal, determne a freguency

slenfificrs aphicisecots@ntvlgcly ékéreanct@yﬁhﬁtsadre banad aiedeshitlDE yorathe
cel | thaﬁrtransn1tted the reference signal based at
JSSREHIVF °¥Sart on the frequency shift applied to the
reference signal. 38. The w rel ess conmuni cations
apparatus of claim 37, wherein the identifiers of the
sect 0% o nThmvv@mlesmommwe@tm asmrﬂtvs ofelainh3gerhaaeia the

1(§Lt1ﬁerg)%f {h% eét on' Wi ?lﬁ th If? %c%? S%Bﬁf’ a?%érsléﬁ a}@ érﬁ epe fI5s for cell

FORS appar a erei

gﬂﬁpi infwl(ﬁbh? tefredpeticeado e 10tatyd)itithmbmeny fuetieesderss data relating
shifts are based are group IDs for cell groups in .

rrthezerd cpdesgsed fomu qu§e%Ff‘éwP sieatle éranftrw@e Wﬁeli,s in a
E(H{lltﬂgﬁ lcelp %R)ruﬁs r?l Iro%les%Bf 139; 1rtllie(il 081"1111%? e%&{? Feifei’%ﬁéje signal,

1 prex re ere ce Si gna s trans
alentify a frequency shift and an orthogonal code applied to the reference signal, and to

identify a cell that transmitted the reference signal based at least in part on the frequency

shift and the orthogonal code applied to the reference signal.

40. The wireless communications apparatus of claim 37, wherein the
processor is further configured to receive one or more synchronization codes and to

obtain data relating to the frequency shifts from the synchronization codes.

41. The wireless communications apparatus of claim 37, wherein the
memory further stores data relating to a power offset that is applied to transmissions of

reference signals in relation to other transmissions.



common cell group, and the processor is further
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reference signal, and to identify a cell that
transmtted the reference signal based at least in
part on the frequency shift #d the orthogonal code
applied to the reference signal. 40. The wirel ess
comuni cati ons apparatus of claim 37, wherein the
procegsor irfe @v%fe@@éorﬁﬁﬁﬁﬂc&%n@q %a&‘aﬁl? GELIY R 978y IRNcilEE
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BR¥&MtiAL trglowddtfsdtFromP Blcl igéhtifRd hodBs SIS ons of
reference signals in relation to other transm ssions.
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franseesdg w‘%herrcfere@res%% bY H§tIRGHBNIFBPICAPRBESSS CatiFiPRAdING to
AR E R ROUREnl R purddonsThe wi T el ess
nruni cat 1 ons appar at claim 37, wherein the
processor i's further configured to determ ne a nunber

of transm ante nas used for transm sron f the
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configurations. he w rel ess conmuni cati ons
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&% er conflq%red to dﬁtern1ne t IEUWQer of .t an {n
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é@te@@m@pmsrﬁ & tumg paradts fonthe prpaterses, od selpriingrghyppthesis from the
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pﬁﬁn@ﬂS&for t he hypot heses, and selecting a hypothesis
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conmbi ning of the partial results for the hypotheses.
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more hypotheses, non-coherently combining partial results obtained from the coherent

detection across the time periods for the hypotheses, and selecting a hypothesis from the
one or more hypotheses based on the non-coherent combining of the partial results for

the hypotheses.

46. The wireless communications apparatus of claim 43, wherein the
processor is further configured to determine the number of transmit antennas used for
transmission of the reference signal at least in part by performing non-coherent

detection for the reference signal over a series of predetermined uniform time periods



nore hypot heses, non-coherently conbining parti al
results obtained fromthe coherent detection across
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hypot hesis fromthe one or nore hypot heses based on
t he non-coherent conbining of the partial results for
t he hypot heses. 46. The wi rel3ss conmuni cati ons
apparatus of claim43, wherein the processor is
further configured to determ ne the nunber of transmt
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hypot heses, and selecting a hypothesis fromthe one
or no hyRpot hes d.an th n-coheren nbj. nj. ng
of "the paRrarRs R %y Bt NE-AORpRATAIEN sERRhR

afganat dignal Ratcdivagl torhpdigsg:i dentification of a cell
fromwhich a reference signal is received,
conpr MSPHGOT FRsaiVE e fErquercyeicyscngiormateierstafingde figquency sets
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fromwhich the reference si'gnal was received based at
teeastdsiandpart on the frequency reuse information and

t he frequency, set .on which the ef erence .si gnal was
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the reference signals are transmitted,
code for causing a computer to receive a reference signal from a sector; and
code for causing a computer to identify a sector from which the reference signal
was received at least in part by identifying a frequency shift applied to the reference

signal.

49.  An integrated circuit that executes computer-executable instructions for
performing cell search in a wireless communication system, the instructions comprising;:

obtaining information relating to identities of respective cells and frequency
shifts applied to reference signals transmitted from the respective cells;

receiving a reference signal on a set of frequencies;



signal. 49. An integrated circuit that executes
conput er - executabl e instructions for performng cell
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