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SI MULTANEQUS CELL GROUP AND CYCLI C PREFI X DETECTI ON

METHOD, APPARATUS AND SYSTEM TECHNI CAL FI ELD The
w@em@sasi238 nventi on rel ates generally to conmunPCHEPDING/057041

systens and conponents and, nore particularly, to

wi rel ess communi cati on systens an conponents adapted

to use Othogonal Frequency Division Miltiplexing

%DI\%A nodul ati on techni gues. BACKGROUND Evol vi n(g

LTANEOUS GFLLGROARIAND, X CA4C BRfpRIX BETECHENMETHOD,

Mobi | e Commruni cat i @ﬂ, ' Code Division

Mul tiple Access (V\%B?\Zé Wi lSa;iQIIQE\§€§?g%| re nodul ation

techni ques such as OFDM in order to deliver higher

data rates. OFDMis a I tiplexing signals

whi ch di vides the avaifg‘;\q@%ﬁgﬁ@bh (BW into a

S ﬁi es oftfreﬂgenciles known ras sub-carriers. In order

t bR REGHEA VERTE FEIReE SNeHH VP SMURPIERTRY REteTP gnd components

and, rhye Saricliarn i t8rvitAess Edmmuiiofl 3y 8teh®d 8n TYATPBAENIsSAdEPted to use
exi sting radi o spectrum new systens nust be able to

Orthogera! dredueancy Bivisiengyleltip@xing{QFdP bmeddtation te@miaursr m
Evol ution (LTE) has been proposed as a new fl exible
cellular system LTE is intended as an evol ution of
the WCDVA standard. LTE will |ikely use OFDM and
operate on BW spanni ngBACKGRORSIIMAz to 20 MHz. Data
rates of up to 100 Mo/s will be possible in the high
BuvdlViEgs enubite. celiwar as@ngderdsi ceuchsuebd dslobal c8ystesn for  Mobile

ComryReuRN IR Akt ettt GEGF EiViEiar MyliBleSEieaF THCSKA) wil tiely
require Th&4UI&)on teehaiguey such Bs (D) invdrtér fol detivir hightheata rates. OFDM
service car r_gll n%gﬁﬁeech. One inportant aspect of LTE

is a methpd forgpil ?§i galyvhigl divides g ava ﬁ_rt??rﬂdf‘%ﬁltho(@w) into a
seriesSof u%né‘i@g,kﬁSJNh(%eeﬁbeébrﬁét%‘?edures are of major

i nportance in order for an apparatus,
In order to ensure a smooth migration from existing cellular systems to high

capacity, high data rate systems using existing radio spectrum, new systems must be able
to operate on a flexible BW. Third generation Long Term Evolution (LTE) has been
proposed as a new flexible cellular system. LTE is intended as an evolution of the WCDMA
standard. LTE will likely use OFDM and operate on BWs spanning from 1.25 MHz to 20
MHz. Data rates of up to 100 Mb/s will be possible in the high BW LTE service.

Low rate services such as voice are also expected to use LTE. Because LTE is
designed for Transmission Control Protocol/Internet Protocol (TCP/IP), voice over IP (VolP)

will likely be the service carrying speech.

One important aspect of LTE is the mobility function. As a result, synchronization
symbols and cell search procedures are of major importance in order for an apparatus,

such as a user equipment (UE), to detect and synchronize with other cells.
The proposed cell search scheme for LTE is as follows:

1. Detect symbol timing for new cell using the primary synchronization signal (P-
SyS). Furthermore, because there are three P-SyS, the UE also detects which of the P-SyS
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such as a user equipnment (UE), to detect and

synchroni ze with other cells. The proposed cell search
waedenss28or LTE is as follows: 1. Detect synbobCT/EPiong057041

for new cell using the primary synchronization signal

(PSyS). Furthernore, because there are three P-SyS,

the UE al so detects which of the P-SyShave been

transmtted fromthe cell. The index of each P-SyS o
have berrhirapsraiiteddeora dne celb The ipdex af ga@mﬁ SYb wientifigs the cell ID within a
t s i W L 2. Detect frame
group! .Fagz@lé {rgﬂ%rgrffeﬁgervglrf‘s nl1||I|§§&?‘E)‘§5(S

g an P usl ng ondary

SZ”Chr[S’él{eét%Hrﬂé‘ (T 8 651 b sl Bl S8805Y, JARIdzztion signal

r'epresentation o I'sYus ase re
(S-SyEherthd ﬁeq&rﬁ;ySdmieBmcrtepoese(n@imed)faﬁS)ﬁS tsousbd‘ dempbate reference and

then tg S%%y%eguen es) grr erf%nlaf?qg%r?tc%?yg rﬂ:%é%oggrformed in the

frequéhcyw,hroadcast channel (BCH) to recei ve cell
specific systeminformation In LTE, there will be a

pgssi bi lityrgh s‘ﬂ?ﬁé“@ %né'@@)’ tthecbiéll I'[PlsFHeQéétéd(CP) or a
long CP length he Short .7 m croseconds

(4/ sec)) \idaly kb‘?o%b%‘%tf%arﬁ{éﬂl gBG’I‘? 't% "i‘@@el\t/@e élpgﬁ)c?@mc system

length (16.7 / sec be used for large cel
informatioadcast services. The intention is that the UE
shoul d detect the cell specific CP length blindly.
'|1ni ISTE stherefnéll &bl  poesibiitymetiupingaa short dycke prefig (GR) or a long CP

lengtr PIE AT EMRA08 07 udbSetriR i iR Ry Sina Bels and the
long 8P RAGH .t7 Fz@e@ g\ﬂﬂ’rbeb%sQ@q’Sr# lgEehc?eII%' %%@&st a%rvices. The

seen in t bl ock” di agram 100 o lgure 1
intentioas e thdthee le peolilo e uhe@col spedfic QP kehgtrhlellrrdhceTMsds preferably

al. wth distance_Tu correspondi g to the
perfo@iﬁgdge'ﬂorl Eheetrcing g fema B'inir@ngﬂ% Cell drRep ér'ﬁtﬂ‘gt‘i‘i@ $REmBrary S-SyS

(step Q%@% Hél?sé’eﬁbh‘%):hérﬁe CRLEH] SRy éﬁ]de@ectibgi]ca% be made in the

arrive with a distance of Tu + T where T is

time Malengq geeFirpie black diagsamoP! 0GaFigusan. bethisapsa. éhe ALE performs
autocé??glglign g)P ?he Pg%ieﬁ/eﬁiéﬁﬁaq%ﬁi SistHRRE Oﬁ,%?)r#e%pér‘i'&iE&% ‘?hé ®FDMm symbol
length. The correlation is summed and the power (absolute value) is calculated. Peaks
101A, 101B will arrive with a distance of T, + Ty where Ty is the CP length. From that, the
CP length can be computed at module 102. This time-domain approach is suitable for a
single frequency, synchronized, network, such as digital video broadcasting-handheld
(DVB-H), where signals from all cells are transmitted with the same CP length and are
synchronized. However, this will typically not be the case in LTE. In LTE the cells can be
operated in a asynchronus mode and different cells might have different CP lengths. This,
in turn, will result in a risk of multiple correlation peaks making the time domain CP length

detection much more complicated.

Figure 2 shows the synchronization signal (SyS) structure 200 in LTE, for both the
long CP 201 and short CP 202 case. A slot with a length of 0.5 ms in LTE consists of 7
OFDM symbols in the short CP case and 6 OFDM symbols in the long CP case. Every 10th
slot, that is every 5 ms, the SyS is transmitted. For frequency division duplex (FDD) (full
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singl e frequency, synchroni zed, network, such as

digital video broadcasting-handheld (DVB-H), where
weegraskrisromall cells are transmtted w th tPer/BP2oes/057041

CP length and are synchroni zed. However, this wll

typically not be the case in LTE. In LTE the cells can

be operated in a asynchronus node and different cel I S

ght_have different CPIengths This, in turn, w
dUp'%)e'@dﬂiE ||?r3é{3r'$§4@n§m'¢ﬁ.ﬂ 0 tb? a%d?Flawarabplp@ém% S'ﬁ’ﬁ@ﬂﬁéhe S-SySin

the setclaﬁdttb st ré (ibd. eﬁgt]pmget}l §|Bh%gl§*°(ﬁ0f§t the e S- SyS |s transmitted

conplicate ure e syn n sig
in the(ISgtSPFHM L$(ymhloé apo (P iSrySl_lETEtrarfsnmttbd)umthdﬂérslt@iﬂi)MPSﬁﬁllol in the next
slot. and short CP 202 case. A slot with a length of 0.5 ns

in LTE consists of 7 OFDM synbols in the short CP case

5t RRAFUTEGE B b bR TR ER R, i method and
apparEfLEQHﬁﬂ@yroﬂuyt' S50 dediRos(Exi¥hg(ih W ONPEt&K)arisystehtrlike LTE. The
P-SyS is transmtted in the | ast OFDM synbol in the

preses| ipvenrii RR¥IdSs syeh pringthed sedAmParaus-ast OFDM synbol .

For tinme division duplex (TDD), the S-SySis

transmtted in the | ast OFDM synbol and P-SyS is

transmtted in the first OFDM synbol in the next slot.

| BRUdu P& (R IBIV@N Qlg d blrs SEVERALeVEEW ST dirii BRAWINGS

blind CP detection nmethod and apparatus that is robust

aFlén 1 rllustrates Bobloek idagram ifor EEDMNTRY |hiihdr CBydétention in the time
domall I ke LTE. The present invention provides such a nethod

hd appar at us. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs

B PSR e Sy nsboizatioh one T ) R RE s A LTE e tong CP

and sRortt ORusddeat es the synchroni zation signal (SyS)
structure in LTE, for the long CP and short CP case;

Fltl@ Billuktries! fH Gétaﬂ' EhedSS/S't|m|nbh%la%ﬁsﬁ|b§nf6tgthe Iong CP and short
relationship the long CP and short CP, th

S
CP, with&@nl exerlgy of H@ % SSASSC Eﬁrrtmgruﬁ@d by & Dﬁﬁsﬁﬁ@nki@@@éht

i nventi on;
FIG. 4 provides a flowchart of the method of the present invention;

FIG. 5 is a block diagram of an apparatus adapted to implement the method of the

present invention

FIG. 6 illustrates a system in which the method of the present invention may be

implemented.

SUMMARY

The present invention is a method, apparatus and system to simultaneously deter-
mine the CP length and the cell group during the cell search step of detecting the frame

timing and cell group using the S-SyS in a wireless telecommunications system.

DETAILED DESCRIPTION
The present invention is a method to simultaneously determine the CP length and

the cell group during the cell search when detecting the frame timing and cell group using

3
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FIG 4 provides a flowhart of the nethod of the
present invention; FIG 5 is a block diagram of an
wappans2es adapted to i npl enent the nethod of PEEEP2008/057041
present invention FIG 6 illustrates a systemin which
the nethod of the present invention may be
i rrpl ement ed. SUMVARY The present invention is a
,. apparatus and systemto sinul taneousl

det
the Sﬁyﬁeby Henecedibating ineaneptifiuries Trangifermp (Huf ) W@G%Wei%é zhﬁ¢ S-SyS. The
presefEHVERLGH ?lﬁ’i"tl‘?t%]r ﬂgﬁ.@%g é?‘gagﬁgraftd gﬁdté I dehd implement said
group using t W re €ss e econmuni cati o
methaglyst em DETAI LED DESCRI PTI ON The present invention is

SWEBDARE PPyl th AR aviece L PRina oo GuS et omouted for

both foh@eflb@gER afd Sigoral® leagih @iselthatis, i blacénémﬁofahetnmewmdow for
adj usti ng the Fast Fourier Transform (FFT)__w ndow f or

both qases sagtis deteempteds dhing RIRSADT bention. Hee FFdcvingow tor S-SyS is set
betwe%\ﬁgﬁbgﬁée@@gystﬁ%ﬁ%% %Hé\%ﬁg G drBPLISIETP. SPheh, r‘fﬁ%%nnel in the

timn sdetect , the tinin
frequehicgy®rain isepesitinaupbesd @hlft@@lt forftoe lohg CRrgngtP mrblnegative phase

shifte 24 e i FB PR TheshBhag ook Rabu BB B hBrefore. prior to
the copretstiont toithe 1819 Bequierecdsi-Themeteived fiaquenSy Boinsirsteénsformed S-SyS

&gnal?ﬁ p‘é’eﬁgﬁtaﬂﬁm‘fe%éhg%}qﬁgsqt Iﬁgrltr eél ,%r@aJE%@lygggﬁgCEng-?%%ssahrce)rctorrelated to

both Eﬁéétéaesl@hb”@eTﬁQ'é)%@dsé‘q‘%nﬁé‘ear{oo'&grr@aldr?@?}ﬁb 4ﬂ5‘X|mum energy is

negati ve phase shif for the short tive

deteciedaamihie et @ronp med the lemgih pf 5. Asmsted.dhe C%ca@rbet dﬁtected in the
I t e

reaudi S9E5! SR’ el Bt PRI b bR oo whie

advardageoustyauising ph@s ene OF FEcpredessing.t heleBeSyihes awtiest ef the present

are corelat to both carrected signals. The SyS
'nven%'ﬁéﬂé rP\éftﬁqan{e’ﬁ{yw ng maxi mum energy is

In Figure 3, the SyS timing relationships for the long CP and short CP are shown in
more detail, together with an illustration of the S-SyS FFT timing 305 used in the present
invention. As noted, first the apparatus correlates the P-SyS signals to the received signal
in order to find the P-SyS sequence as well as P-SyS signal timing (providing 5 ms timing
information). ldeally, the time instant 301 is detected, however due to, inter alia, noise, the
correct timing might not be found, e.g., a chip could differ. Nevertheless, it is assumed that
perfect timing is determined. The apparatus does not know if the cell has a long CP or short
CP, hence either of the cases 302 or 303 is possible. The apparatus does have knowledge
of the correct timing, subject to determination of there being a long CP 302 or short CP
303. Hence, in principal, the apparatus could set an FFT window on both places, perform
two FFT operations and then perform the S-SyS detection to find the best match. However,
such an operation requires two FFT operations, whereas the present invention only
requires one FFT operation. As noted, the present invention is adapted to have an FFT
time instant in between 302 and 303, shown in Figure 3 as 304. The timing position is
preferably chosen in the middle between 302 and 303 so as to introduce equal phase shift

for the two cases, but the present invention is not limited to that case. A further

4
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detected as the cell group and the length of CP. As

noted, the CP can be detected in the frequency domai n,
w@rmsdsigs t he nul ti pl e peak probl em of the conrenEPNSH57041

nmet hod, whil e advantageously using only one FFT

processi ng. Hence the nethod of the present invention

is robust and has | ow conplexity. In Figure 3, the SyS

timng relationships for the long CP and short CP are
embodifn af Aherpresenéinvantion dgyée REaceineviadow| hasedrast fhenpisoabilities of
- an . i t Ny .
short HHE S0P A nd BELABIEPS 6958 7 oL AR 58 The T wipoon sl
more tchineRighy Bndivireaversa ol iehbemelit eff trasl issliegm abisens ortieuced due to IS for

find the P:SYyS sequence as wel - sj. gn tim .
the mpiiobaSie R KAGHE MR Se R mTene S VS Uefl g Qnt Wl e determine
the probatirttis B8ded &n & EPtiefgthP\ ey RIB ¢Bie. to, inter ali a,

noi se, the c_orrect timng m ght n_ot _be found, e.g., a

CR$ s kASNWA fEbnh fRAT. pRiRkesihGalf eSEDM $yrhiboldsa WaRshlihgadrror of -n chips

perfect timng is determ ned. The apparatus does not .
(relatixgy ddealf timing) cByes I@a§0tat'¢rbr€’g§ 2mn dNrFs H@dtangpoetmegneconsecutive sub-

. aj t I i i . .
cariofl 1Bp e 0B 18TE An EE30 T ToRRBAT TR e o tons o
the ssmblimgtertar idewehim thet CHh arid tiheretoréeifng ia kraovgy @Pcd02be perfectly

or short CP 3Q3. Hence, in principal, the a ratu o
compRaEAtE 1 ¢ RePoli oS AOER B 2EE8. pILF ey T tme instant
304 iSFutoiper ki CPs ittt hed 188G fOP MR &hertSEP das@Chémde titer symbol

find the best match. However, such _an operation

h ,
interferapes (8b is etreduredpd patsapdingvines S84 intiedysessa gampling error in the

rcer SO BUEOROAPOUE BT PRTAIR0 e Ries aoron
the ordasolnto Brdbeignekio dgRrtemda8o3SDE)okMoweverritpicdll Seash is designed

for defitian &7 ey bR S483 i a8 B G BOR) o RIS pycenarios where

the ndib@RestRdriget tHaT thehsgialoHeRsE She ISDR idtduEes @itk to IS is a magnitude
invention is not limted to that case. A

Smallqrth%F@rb%ﬁRn@ﬁta dyPichle Cﬁ'l' e"‘se@ﬁGEh iﬁ?@@ﬁ'ﬁi‘? And §hQr8f°p§13,aE@S ISI' only
CO””‘?‘E‘EBWC@@P‘P@%@ OPQLetaW?éi)PQ‘%PI lities of short and

e pr y I's larger for a shorter CP
¢ o . " e G .
arie B al BB 04 foslts '8 o h S I or fo the ideal
timingdinethedo@GICH 6t) are shars CR(9 abee AMateeyaticalieodel of the frequency
doma%errefcglrv@d@-Stygesysrﬁbsgl%tds% ?gatrlrigrnk (v(\?ﬂgrewseg gug-%gsrlre% "We used for S-
SyS sequences) can now be written:
S-Sy§ T2z nk/ NFET AV

i =e HkSk+ek+gk k=1 , Nused

where + is true if it is a long CP (positive), and - is true if it is a short CP (negative).
The channel H; is estimated using the P-SyS as a phase reference and hence can be
equalized, i.e. can determine the CP length as well as the cell group of the received S-SyS.
Equalization can be accomplished using a variety of techniques. For example, and without

limitation, the following steps can be used to perform the equalization:



the probability is based on the CP |l ength of the NB
cells. As is known from FFT processing of OFDM
W@ uBosR3s a sanpling error of -n chips (rel atiReT/ER®a$/057041
timng) gives a rotation of -2 pn/NFFt radi ans between
consecutive subcarriers, where NFFT is the length of
the FFT. The foregoing relationship is true as long as
the sanpling error is within the CP, and therefore, if
nis known it @n_ perfectly conpensated for in the
pro As can bg Figuwe 3, the FFT
i? @?a -33‘3—&5—%13@'4 2(?%6}:?@ bet@,the | ong CP
short CcP caﬂ hence i nter synbol ki nt e%‘ferengé
(ISI) is introdédeed. The sanpling time 304 introdlUces
a sanpling error in the order of 5-10% of the OFDM
synbol [ ength and such sanpling error introduces
di stortion in the order of 7 to 8 dB signal to
di,stortiop rat.i SDR). However. the cell search.
3o Pestotised errbe. e LSielanyBRare GouPGRAI it e phase shift
correé@f@n&ﬁhgrt@tth@ 16 SNRP 8hd sPokCP dithe reddiveS SERE b&ﬁgéﬁ@ﬂé@éd and the
he noise is stronger than the signal. Hence, the S

S5 two ph?ﬁ@‘ satieeigd apssiens P crgelptemimniat LR%S%M &SY%éﬁqvﬁ'éceS and the
t fQr
correlgiin, SIS PRt 1S 88EE b BRI CreeR YGRS 8 el s the cell
groupnblatieerpativatly speaking tbarfiglowing atepsiane peristraed: 304
results in a n chip sanpling error to the ideal
timng in the long CP (+) and short CP (-) case. A
rmt hemati cal nodel of the frequency domain received

? %'@9 at sub-carrier »KJSS,V\@ NUS ed

qF rs—arg USE&H N OFFS ences) can now be

vvrltlsten. S-SYyST2 p-n-k INTKSI YKL =e HBIS 1 + e
+ 1L =\, Nused

10
?Short CP __ ejZﬂ-n-k/NFFT ? S-5yS
- (4)
cell group, CP length =
st my o [Fiong P 7 short P i
max on snort
arg(long/short),m kzl (Sk ) ¢ [Yk # > Yk ]
15 m = 1 ...... M (5)

A flowchart 400 illustrating the method of the present invention is provided in Figure
4. As seen therein, in step 401, the P-SyS timing 7 is determined using the P-SyS, which
corresponds to 301 of Figure 3. In step 402, the S-SyS timing is determined, corresponding
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(1) where +is true if it is along CP (positive),

and - is true if it is a short CP (negative). The
webasnsd23dHHl i s estimated using the P-SyS as a POCEEPR2008/057041

ref erence and hence can be equalized, i.e. can

determne the CP length as well as the cell group of

the received S-SyS. Equalization can be accorrpl i shed

using a variety of techniques. For exanple

to 304,pt EIQUfe Bi b &ta@ 498, thenaF T diindaw ifgplaseshand die @@nab@oF R pprocessed
to obtgﬁﬁ@rf@iﬁﬁﬁg}Bmdlﬁ@tS?S;CPR ol ‘M’sgeﬁ) ﬁ@éfjatﬁgqre\dﬁgeﬁbfeémam S-SyS

verSi on’ phase cor ase sh
signalderaqeahmd;lrf@rgemplam Boa:tgdélﬁbeawdh @lquahorCE?_)oand treen phase corrected

accorgG fo Sty &) ghe (o L apPalEy fuf 5 4ieEe R CLER engin detected are

given By IScEeaLBOE gRvirR thakifturs @her]yaddcordiay Yo Bgudtid (5). ghest
power is used to determne the CP length as well

t Re apphrfat@ adEptedyhd hﬂﬁ%?ﬂé?ﬂi'thé’ rﬁ‘dﬂ@@d(bﬂ%e ;Sr@@el‘ﬁtCiH/éIWoﬂgs provided

steps are perforned: -sh n- ki NFFT
in FigaresS( 4Figses 15 igr adygh- @ve| bhvgkmla@rprrg 595@‘ @agpgmﬂ& of the present
A d st
mvent?t?l:r'}J éonlﬁ?{ksﬁg ?ht?ﬁte%éeg%)ﬂ]t fr%hf\?\éﬁ?ﬁ%{:]eli\‘}gro rome%(%l’ 'né}%log to digital
conveRieg UABC). 503 Be&syd tcberekatlnn rhndtslBe@DMO]S-,SyGwémlmgSyrﬁndule 505, Fast

timng. r is t d usin S ich . .
FourcyofrpRSighmBof§e 2P 67 2k g e it mipdie 5olios e, eiggion modue
508, detaa:tag 509 &t 8LBY D ebtedien S‘B@D(mﬁts@@ﬁ thetBih, ahe l:‘alpgufaeus? which may

step 403, the FET wi ndow i s placed and the signal

I n
include g HET'SGQ?@&%%W@WWSJQHQVHBQ PP@Fﬂﬁ'Qﬁéy domai n S— SyS

SKrrbol s. In step 404, the freguency domain S-Sy
f§¢far5|g|ngl équareiyed atf antearandlle ang d@m@ﬂulameahﬁ RX 502 it is

Conve?t%Hgbf Se g%té s@ﬂgl %tﬂ&BCl AUSH h%obé)‘é fini cg% g%t'réngn%d using the P-

SyS, mch@ngehpdmse’uotimi afrleggre\3: rat E’ySYBe:ocr@tatlehanodlne &0di ng
maxi mum ener gy according to equation (5).
The S-SyS timing is derived at S-SyS timing module 505, based on outcome from P-

SyS, corresponding to 304 of Figure 3. The FFT window is placed and the signal is FFT
processed to obtain the frequency domain S-SyS symbols at FFT module 506. The
frequency domain S-SyS signal is equalized, for example, in accordance with equation (2)
and then phase corrected according to equations (3) and (4). The cell group and CP
length detected are given by the correlation giving maximum energy according to equation
(5) in S-SyS detector module 510. In channel estimation unit 508, the channel H is
estimated. For S-SyS detection, the f-domain representation of the P-SyS is used as pilots
for the channel estimation used for S-SyS equalization. Furthermore the reference symbols
(pilots) are used to obtain the channel estimate used for data equalization and detection in
detector 509.

Figure 6 illustrates a wireless network 600 in which an apparatus according to the
principles of the present invention may be used. Wireless network 600 comprises a plurality
of cell sites 601A...601N each containing a base station (BS) adapted to communicate with
apparatus 602. Apparatus 602 may be any suitable wireless devices, including a UE,

cellular radiotelephones, handset devices, personal digital assistants, portable computers,
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An apparatus adapted to inplement the nethod of the
present invention is provided in Figure 5. Figure 5is
wa@2dusaks2Bevel bl ock di agram 500 of an appar at uBCDEP100€057041
present invention, conprising an antenna 501 , front
end receiver (Fe RX) 502, analog to digital converter
(ADC) 503, P-SyS correlation nodule 504, S-SyS timng

nodul e 505, Fast Fourier Transform nodul e 506, Phase
or me&fﬂgéiﬁ\"% B8 presest invepHam tﬁemotémlt%tpuraﬂblleomn®e§a@ther types of

accesg%ﬁﬁlEQIE ﬁﬁgﬁjdﬂ% oﬁ)&r?elggé f‘e‘"rfrﬂﬁcﬁléjrﬂ u%@@nHBw@(/&‘ rFbr the sake of

he appar at us may 1 nc IS adapted
sumphpley foohyntER@ré ehdwmiang digpesatd bessin. Af t er si gnal is

S5 D PRl e R T 1. o oo
sites dteJdwn é@ftlxﬁndtélydﬁt@lbﬁfdi&ﬂe lp)%lr;ft@eéhﬁ |IE§W§tlorWﬁh§ explanation only.

corresponds to 301 of Figure at P-SYS correl ation

It shapsidnee Cisedy amereioag sihat %gcq"ss%% offen hevesoljes iregular shapes,
deper*dlrfﬂr 59 e @orﬁ@érat@ﬁ %':c@éﬁu ggﬂ}ﬂfe{r@’ﬂﬁrgﬁﬁ%de obstructlons

espondi n W ndow |
pA&@ﬁeWeHAKUOWhen $eyadl ceIkSSIEISTESCmr accsmpprised ofa aiunaltthef sectors (not

show%)g g%ﬁiggéoggﬁg%}Ell@ﬁigé%dyyg‘%%ir%fztign@&u a g o%PgeI%% tﬂ-lej%ase station.

The emtﬁmnhent ofnFigoeos danteates the terpeadtation (er)heatmhtém@mthe cell. Alternate
ase coryrected accord| @'%St 0 e uations (

and .
embO%éerE%PPS'a%Jaﬁ diietepal SghRESIE DS oo @Pet@ﬁé-@hq fustem of the

preseRCHVEARIA 18 'hogllh’ﬂtQ@ thB?fy BHACERE E:gll’s@e,cé&ﬁf juRgLidn0
equation (5) detector nodul e 0. I n channel

eI@ttherwnredﬂssmﬂtwo )0 tarn?@at'x’ﬁaﬁﬁéﬂ lS’r—lQC@te@lsIWQQ?HtSéGIS 6pdA, 601B and is
in conﬁj@%gaﬁicgﬁ \3@@ Wlngé)E%O%OHZ-? éﬁgrﬁ@%ﬁg}aﬁ ?Eatg{j cg% to the edge of
cell siteSG@H B.orAppafytls éQaabuthadly perfoﬁm téleseanches It@dem‘cemfnbase stations

of o ARS8 By 4 Bk e S B2 e i SR S pprptus s e
on, ardﬁﬁti%ﬂtc@ﬂ sef%h iEipdHoned iih bEdertalsearch 1ot BAHeRFuNEBMIESt one of the
00 in which an apparatus according to the principles

base @fatloﬁé ¢fr wheless i nriwatl. oMhatasftere the aprargtus| esdinHes Wprerform cell
searchODirf BRI: S Rt&nib &t bir¥ngest base station(s) in the vicinity and to identify

available base stations to which the mobile station may be transferred in case it is
necessary to perform a handoff. To improve the efficiency of these cell searches, the
system of the present invention includes the apparatus of Figure 5 in combination with
wireless network.

There have been described and illustrated herein methods, apparatus, and systems
to simultaneously determine the CP length and the cell group during the cell search by time
adjusting the Fast Fourier Transform (FFT) window for the S-SyS. While particular
embodiments of the present invention have been described, it is not intended that the
present invention be limited thereto, as it is intended that the invention be as broad in
scope as the art will allow and that the specification be read likewise. For example, the
method can be used where there are more than two CP length hypotheses present. In such
case, the phase de-rotation is proportional to the difference between the used sampling

time instant and the ideal sampling instant for each respective CP length hypothesis. Then



of cell sites 601 A.. .601 N each containing a base
station (BS) adapted to conmuni cate with apparatus
w®oRs/182par at us 602 nay be any suitabl e w rel eBST/EP2008/057041
devi ces, including a UE, cellular radiotel ephones,
handset devices, personal digital assistants, portable
conputers or nmetering devices. The present invention
is not |[imted to nobile handsets. O her ty
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are conpri se ality of sector

and setneneg clagaedh sect or belng illumnated by a directiona
antenna coupled to the base station. The enbodi nent of
Figure 6 illustrates the base station in the center of
the cell. Alternate enbodi nents position the
directional antennas in corners of the sectors. The
system of the present invention is not limted to any
particular cell site configuration. In the wreless
networ k 600, apparatus 602 is located in cell sites
601 A 601 B and is in conmunication with serving cel
601 B. Apparatus 602 is also |ocated close to the edge
of cell site 601 B. Apparatus 602 routinely perforns
cell searches to detect the base stations of a
wirel ess network in the vicinity of the apparatus 602.
Whenever an apparatus is turned on, an initial cel
search is perfornmed in order to search for and acquire
at | east one of the base stations of wrel ess network.
Thereafter, the apparatus continues to perform cel
searches in order to determ ne the strongest base
station(s) in the vicinity and to identify avail able
base stations to which the nobile station nay be
transferred in case it is necessary to performa
handoff. To inprove the efficiency of these cel
searches, the



system of the present invention includes the apparatus
of Figure 5 in conbination with wrel ess network.
wabesaes$2a8/e been described and illustrated herBCTEP2008/057041

nmet hods, apparatus, and systens to simultaneously

determne the CP length and the cell group during the

cell search by tine adjusting the Fast Fourier

Transform (FFT) wi ndow for the S-SyS. Wile particul ar

enbodi nents of the present invention have been

described, it is not intengediMmbat the present

invention be limted thereto, as it is intended that

the invention be as broad in scope as the art wll
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I eant h hypot hesis. Thenthe steps descri bed herein can
ashoBCRpplied. Further, while the apparatus of the

ifventa WSS o ina f Al iy | ;
a%pr eéai\ gﬁgﬂg% td hgq?mglmeﬁgﬁggﬁé(dcfggg Facgnlﬂngﬁﬁgg%hc réfi! (CPY detection,
comprigipg &xesteasiolie of and i npl ement ed by har dwar e,

. s nat her
NOPeled SHEET iRt BRuPRy, PRPYIAM PR TACRIER ofor, g secondary
synchbdrozatioth shgia 18 <SS ) ve hodératheesktipyated) timitag fonta long CP and a short CP;

sui tabl e strycture. For_ exanple, .instead of an FFT,
RS TS e AP ST o (6 BN EShn 4 EegvPIGYSaRmaiyfor the long CP
lengtiM | | therefore be appreciated by those skilled in the

art that yet other nodifications could be nade to the
prestarening @ 5eeend phasd shit of theeehannehiy thedraduescy gpmain for the short

CP relaart]ige W Bfartrl Sleﬁ.rrﬁg%% P{Eﬂ%}% %ﬁ@w‘r&ﬂ?@[{a‘?{ %g,?al (P-SyS);

si nul'taneous cé C pre
detazset ¢arrectingrtpe irscaiged freqatrmgy ddmpinattamgjoned $gB¢S signal prior to

Fast. Fourj er, Jransform (FFT) w ndow for a secondary
the C%@W&Hi@%ﬁ%ﬁ&@%ﬂ%&s— SyS) between the estimated
t dattdMatirnethe &B98 Gefehcestd Hatth Bogedal signamiency

Division Miultiplex (OFDM synbol transmtted using a
| dtgct e rSyRoyaduepce and correction providing maximum energy as the cell

group and the length of CP.
3. The method of claim 2, wherein the timing position is in the middle between
the long CP and short CP.

4. The method of Claim 2, wherein the first phase shift is a positive phase shift

and the second phase shift is a negative phase shift.
5. The method of claim 2, for use in a user equipment (UE).

6. A method for detecting simultaneous cell group and cyclic prefix (CP),

comprising the steps of:
determining primary synchronization signal (P-SyS) timing 7z using the P-SyS;

based on 7, determine a secondary synchronization signal (S-SyS) timing;
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2. A nethod for sinultaneous cell group and cyclic
prefix (CP) detection, conprising the steps of:
w@bkm@esiisg3a singl e Fast Fourier Transform ( FFT) PQU/RBIHNS/057041
for a secondary synchroni zation signal (S-SyS) between
the estimated timng for a long CP and a short CP;
performng a first phase shift of the channel in the
frequency domain for the long CP length; performng a
second phase shift of the channel in the frequency

dedtichings siritfe FASI FoUrRr Medriforve (RFB wiRaswe!

deternm ned by a primary synchronlzatlon si gna

( ﬁmﬁ)oesemg&ﬁe SRINBER! dRbintthe fr%QGShc\Aﬁé’orﬁéiﬂCB’-@?SYSym bols;

domai n transfornmed S-SyS signal prior to the

é’%\f/a@ik?ﬁb'tﬁ@ fleQub e Bordia Seysefiges; correlating the

sequences to both corrected signals; detecting

s% Nrech Qng gorrection providing maxi num
energy as tﬁg ﬁ?ngroﬂp and the length of CP. 3. The

TR P 5 BRI R P ray

i CE D @'gresfﬁ@.'?ﬁ% ihPele Atz RASER R pbedBafice with
negative phase shift. 5 The met hod of claim?2, for

use in a_usegr eqU|pgzn . 6. A nethod for
detectlnggsf tane % cell grouejaﬂﬂkpwwh1 preflx
(CP), k si ng The 3sTaps of~ det ermi ni ng Sk
synchroni zati on si gnal -SyS) timng t using the

P-SyS; based ont , de m ne a secondary
synchroni zation signal (S-SyS) timng;positioning a

sg.ngl erHeagletfcRUb Elainh! @NGhEER (HéFﬁ add BER¥6tingFstep is in accordance

processing the signal to obtain t

with e ypulasihol s;
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equal i zing the frequency domain S-SyS signal; phase

correcting the signal; and detecting the cell group
w@eesFs28&engt h by the correl ation giving maxi nBOT/EP2008/057041

energy. 7. The nmethod of Caim®6, wherein the

equalizing step is in accordance with: | - e k + CKk

8. The nethod of C aim6, wherein the phase correcting

step is in accordance with the fornulas: j 2p-n-k/

NFFT j 2p-n-k / NFFT9. The nmethod of Claim#6, wherein

t@ne C OMHeSinatHoRNofATIBlh @i Mhehaik ithal BbeBIaE Y pr@udlagwbmﬂum energy is
foIIovvln%formJIa cell group, CP length m= M
e

basedeﬁ thenfelloingdemaflag ai m 6, for use in a user equi prrent
(UE). 11. A nethod for sinmultaneous cell group and
cyclic prefix (CP) detection, conprising the steps of:
destlexrerpn CRderwtipri fary synchroni zati on signal (P-SyS)
timng; based on the timng, determning secondary
synchroni zati on si gnal Ngs- SyS) timng; placing a

singl e Fast FOUfIhaQr T agjr@&m (fF[YZO%W}g(SWf&P[ ng

a FFT; obt & g(n)%@o sting t

sequences to phase cofrketted S-SyS synbols; and
obtaining the cell group and CP | ength based on the
best S-SyS correlation match.12. The nethod of C aim
11 nfwxeril n thMest S-SyS correlation is based on the

correl ation providing maxi mum energy according to the
foll owi ng formnul a:

10. The method of Claim 6, for use in a user equipment (UE).

11. A method for simultaneous cell group and cyclic prefix (CP) detection,
comprising the steps of:

determining a primary synchronization signal (P-SyS) timing;
based on the timing, determining secondary synchronization signal (S-SyS) timing;

placing a single Fast Fourier Transform (FFT) window;

performing a FFT;

obtaining S-SyS symbols;

testing the S-SyS sequences to phase corrected S-SyS symbols; and

obtaining the cell group and CP length based on the best S-SyS correlation match.

12



cell group, CP length m=1 M13. The nethod of Caim
6, for use in a user equipnment (UE). 14. An apparatus
wo 2008453288 t aneous cell group and cyclic prefi xXPCIZEP2008/057041
detection, conprising: cell search neans for
determ ning primary synchroni zation signal (P-SyS)
timng; cell search neans for determ ning secondary
synchroni zation signal (S-SyS) timng based on the
P-SyS timng; nmeans for placing a single Fast Fourier

Transfoiegmnettol) oMCRIAW 1, RBRASIN ftes b@@f Scs ! earraaE&T is based on the
nmeans for obtaining a pI urality of

correlgiQihRrovising BgXimigmienerdy. @%@r@eqa%ﬂ"@e@"@wmsrfa%ula
corrected S-SyS synbols; and neans for obtaining the
cell group and CP Iength based on the best S SyS
cesllrosdumt COriengthh ch= 15. The apparatus of Claim 14, in
combination with a UE. 16. The apparatus of Caim 11,
wherein the UE conpri fs., an antenna; a front end _2

recei ver (Fe RX)mRavi n ©hL e 89 shecp]
ant enna; an A &a1,00.t0.m Igzha{(aﬁ'k 50*\[?;4 e% ) ‘havi nij an
i nput coupled to the autput of the Fe RX a P-SyS
correl ation nodul e having an input coupled to the

out put of the ADC, a S-SyS timng nodul e having an
I N :x:ohpl ed Mt he out put of the P-SyS correlation

nodul e; a Fast Fourier Transform (FFT) nodul e having
an input coupled to the output of the

13. The method of Claim 6, for use in a user equipment (UE).

14. An apparatus for simultaneous cell group and cyclic prefix (CP) detection,
comprising:

cell search means for determining primary synchronization signal (P-SyS) timing;

cell search means for determining secondary synchronization signal (S-SyS) timing
based on the P-SyS timing;

means for placing a single Fast Fourier Transform (FFT) window;

means for performing a FFT;

means for obtaining a plurality of S-SyS symbols;

means for testing the S-SyS sequences to phase corrected S-SyS symbols; and

means for obtaining the cell group and CP length based on the best S-SyS

correlation match.
15.  The apparatus of Claim 14, in combination with a UE.

16. The apparatus of Claim 11, wherein the UE comprises:
an antenna;

a front end receiver (Fe RX) having an input coupled to the antenna;

13



ADC and an input coupled to the output of the P-SyS

nmodul e and S-SyS tim ng nodul e; a phase correction
wore@aliss2Bavi ng an i nput coupl ed to the output BET/EPB08/057041

P- SyS correl ati on nodul e; a channel estimtion nodul e

having an i nput coupled to the output of the FFT;, a

det ector nodul e having an input coupled to the output

of the FFT and the output of channel estimtion

nodul e; a S-SyS detector having an input coupled to

t e apdlbpUd didital BenvdIRS € ADD) MeEing0an Mt teumed té fite output of the Fe

out put of the channel estimtion nodule, wherein the
RX; P-SyStimngt and S SyS timng are determ ned using
the P-SyS, at P-SYS correlation nodule, the FFT wi ndow
i @ Ppbye edrralation RrodsigyRaying anfpput sogeledde dhe sulpwt af the ADC;
the frequency domain S-SyS synbols at FFT nodul e and
t?deSE tigriog pnaddechayieagamn igpvlecoepledt tostisy putput of the P-SyS

are given by the correlation giving maxi num
Cmm'%ﬁ‘serfg‘;‘?g.["r?’s- Sys detector nodule. 17. The apparatus of

Nt bl aicho per By TEE R MelB g G EokpRd T8 Butput of the
ADC &d a0 gpudlcotipled te triyoldpui ofi the PVBYS inddexé Bgd SEIBAImMing module;
nodul ati on system conprising: a nodule for

dgteiake Nedrgedlibh NMbYuIRY RV rHrZ afpul rtosib@aato (i Dufut of the P-SyS
timng t using the P-SyS; a nodule for determning a

correlalimm@gEle; synchr oni zati on signal (S-SyS) tining based
onr , a nmdule for placing a Fast Fourier Transform
(Frmnngl ggbRatorrp @\éng ap innus ceyrled do theeoulpyhell thedFT;
obtain the frequency domain S-SyS synbols; a nodul e

f @ detagtariModulg heragiandgetesy i the QUYL of tmBIFT and the output of

channel estimation module;

a S-SyS detector having an input coupled to the output of the phase correction
module and the output of the channel estimation module, wherein the P-SyS timing 7 and
S-SyS timing are determined using the P-SyS, at P-SYS correlation module, the FFT
window is placed and the signal is FFT processed to obtain the frequency domain S-SyS
symbols at FFT module and the cell group and CP length detected at S-SyS detector are

given by the correlation giving maximum energy in S-Sys detector module.

17. The apparatus of claim 16, for use in an Orthogonal Frequency Division
Multiplexing (OFDM) modulation system.

18.  An Orthogonal Frequency Division Multiplexing (OFDM) modulation system,
comprising:

a module for determining primary synchronization signal (P-SyS) timing 7 using the
P-SyS;

a module for determining a secondary synchronization signal (S-SyS) timing based

on 7,

a module for placing a Fast Fourier Transform (FFT) window;
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a nodul e for phase correcting the signal; and a nodul e
for detecting the cell group and CP |l ength by the

W@ oo0sak®Bs on gi vi ng maxi num energy. 19. The SyBCERPDNS/057041
Caim18, in conbination with a user equi pment (UE)
for use in a Long Term Evol ution system 20. The OFDM
nmodul ation system of Cl aim 18, wherein the correlation
provi di ng maxi mum energy i s based on the follow ng
formula : cell group, CP length = arg"' (long |

SAFRT .rddué t) brédessingMhe signal to obtain the frequency domain S-SyS

symbols;
a module for equalizing the frequency domain S-SyS signal;
a module for phase correcting the signal; and

a module for detecting the cell group and CP length by the correlation giving

maximum energy.

19. The system of Claim 18, in combination with a user equipment (UE) for use in

a Long Term Evolution system.

20. The OFDM modulation system of Claim 18, wherein the correlation providing

maximum energy is based on the following formula:

cell group, CP length

Nused ~ ~
max m long CP Y short CP]]
arg(long/short),m kzl (Sk ) ¢ [Yk ’ Yk
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