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(57) Abstract

satisfied are that there is a one~to-one mapping between a long code

(54) Title: CELL SEARCHING IN A CDMA COMMUNICATIONS SYSTEM

A special coding Scheme is disclosed for more effectively acquiring a long code and frame timing during a cell search in a CDMA
communications system. A code set of length M Q-ary code words including symbols from a set of Q short codes is defined with certain
properties. The primary property to be satisfied is that no cyclic shift.of a code word yields a valid code word. The other properties to be

message and a valid code word, and a decoder should be able to find

both the random shift (thereby implicitly finding the frame timing) and the transmitted code word (i.e., its associated long code indication
message) in the presence of interference and noise, with some degree of accuracy-and reasonable complexity.




Frequency Division Miultiple Access (FDVMA) and Tinme Division Miltiple Access
25 ¢ TRYoBbo0ds. I n FDVA systens, a physical comunication channel
conprises a single radio frequency band into which the trans?ﬁ”é@?%ﬂ”ﬁ’&vwr
of a WD 99/712295 :

PCT/ SE98/ 01518 -2- signal is concentrated. In TDVA systens, a physical
communi cations channel conprises a tine slot in a periodic train of tine
intervals over the sane radi o frequency. "Alt hough satisfactory perfornance
i s being obtained from FDVA and TDVA comuni cati ons systens, channel
congestion due to increasing custoner 5 demand commonly occurs.
Accordingly, alternate channel access nethods are now bei ng proposed,

consi dered and i nplenmented. Spread spectrumis a comuni cations technol ogy
which is finding comrercial appl C&l SRARCHINGNdhannel access nethod in

W rel ess comuni cations. Sp ’ en around since the
days of 10 VWrld War | Ib%?ém%m%§%ﬁdom nantly mlitary
oriented (relating to smart jamm ng, radar and satellites). However, there

IS an increasi ng i nt er est tOdadHi n using spread spectrum systens in other
comuni cat i onRERATERAPPEHATION uding digital cellular radio, land nobile

radi o, and i ndoor/ : gig%bpg ' : 5 :
Spread spectrum op'gfrﬁ%?‘ 3’3"1‘8%?‘{“263? 1%egei{r)en yﬁ’gtrblgir}ng%{(;bg&)en F%ﬁg ’mefg'f*?é FDIVA
conmmuni cat i oniacsrpstatesthy referenceitheaitire dipetosars cED0péddin O\ Provisivasl spect rum
transmtter, for, exanpl a digital | .. styeamfor. | ven dedi cated or
common channeAP@§°%°gg?&?t?§%ﬁgﬂﬁ%’t@&gﬁgﬁs’é ‘P*B.g‘éStgﬁi 3’7at§a. Thi's
spreadi ng operation involves applying a channel unique spreadi ng code

(soneti nes :
5 BACKGROUND OF THE INVENTION

The present invention relates in general to the spread spectrum
communications field and,. in particular, to cell search activities performed by a
mobile station to obtain time synchronization with a base station and acquire the

10 cell-specific long code and frame timing information used in a code division
multiple access (CDMA) commupicétions system.

Descriti FRelated A

The cellular telephone industry has made phenomenal strides in commercial
operatiohs throﬁghout the world. Growth in major metropolitan areas has far

15 exceeded expectations and is outstripping system capacity. If this trend continues,
the effects of rapid growth will soon reach even the smallest markets. The
predominant problem with respect to such continued growth is that the customer
base is expanding while the amount of electromagnetic spectrum allocated to
cellular service providers for use in carrying radio frequency communications

20 remains limited. Innovative solutions are required to meet these increasing
capacity needs in the limited available spectrum, as well as to maintain high quality
service and avoid rising prices.

Currently, channel access in cellular systems is primarily achieved using
Frequency Division Multiple Access (FDMA) and Time Division Multiple Access

25 (TDMA) methods. In FDMA systems, a physical communication channel

comprises a single radio frequency band into which the transmission power of 2



20 referred to as a si.gnature sequence) to the synbol streamthat

i ncreases_its rate (bandw dth) while addi ng redundancy, Typically, the.

di gital §§9€§Pz§§rean1is mul tiplied by the unique digital cBﬁﬁﬁﬁéwﬁﬁg
spreading. The internmedi ate signal conprising the resulting data sequences
(chips) is then added to other sinmlarly processed (i.e., spread)

I nternmedi ate signals relating to other channels. A base 2 5
station-uni que scranbling code (often reférred to as the "l ong code" since
it is in nost cases |longer than the spreading code) is then agglied to the

summed i nt er nEgRa decanceptrted.  In HalMe systems, pigel comypunicatinnsghpaxiel channel
transm ssi on . Qi;ﬂ(?gj' xat i s . roryel] C .

channel -r el at‘gebﬁl}ls?g(rine |a?tgﬁt§]ﬁg%%§ S a vglr?l?%‘_llggg%usl yscc?‘lheg%{es are 8lr?e
transm ssi on frequency.cAlthough sa€isfactory pérfenmanoe is, beimg dbtained frohi FPMA andnal s

appearing to cated on top of each other in.both the frequency domain
P The i o BOMA GomBRAGE0T Hater ChatPeL gt INe 0 daorEA R PR

uni que, 410VeVgdmaRiRcinrhStI obRES 2hecH Y, alteARR tHahRd 2BVEE nidifods ardfdw
99/ 12295 PCT/ SE98/ 01518

-3- shar ed. cobeingproposesi)sonsidegecbarglimplersented.ar | y uni que, and through the

application of proger processi.ng techni.ques at,the receiver be
di sti ngui shed fron?egrteﬁ(gf%@g}lﬂ"?%é’oﬁgl °§B 't gﬁ%@'&‘?%ﬁsyﬁd‘g‘?&e station
receiver, thecdm@eicyadppslicioh as ahew chamyst absksOinettiod!iil wieléss- €. _
mul tiplying, or matching) the appropriate 5 scranbl i ng and spreadi ng

codes to despPuBRIUNISPLOTSHGPIeR SPAETIDG AYFiems heve hose appwdsineethadaysioft ed
LT A0 S e 2 S ol Wbl iR ER el '
only noi se i ssr#r®{inwrathg, fdder srbqatethitds) Hopeventtheme is mincedabimbgtintepdsytoday
conprises a Ci%rlgs?rllgagpirga% s%regugu?'g Ssyétglgg ir? gtgglg éo%xsm}n?i%atgo%%%ip}/)ﬁgatl%ing,nl%clzlug\‘i.ntgh the
digital cellular radio, land mobile radio, and indoor/outdoor personal
communication networks.
15 Spread spectrum operates quite differently from conventional TDMA and
| FDMA communications systems. In a direct sequence-CDMA (DS-CDMA)
spread spectrum transmitter, for example, a digital symbol stream for a given
dedicated or commdn channel at a basic symbol rate is spread to a chip rate. This
spreading operation involves aﬁplying a channel unique spreading code (sometimes
20 referred to as a signature sequence) to the symbol stream that increases its rate
' (bandwidth) while adding redundancy. Typically, the digital symbol stream is
multiplied by the unique digital code during spreading. The intermediate signal
comprising the resulting data sequences (chipé) is then added to other similarly
processed (i.e., spread) intermediate signals relating to other channels. A base
25 station-unique scrambling code (often referred to as the “long code” since it is in
most cases longer than the spreading code) is then applied to the summed
intermediate signals to generate an output signal for multi-channel transmission
over a communications medium. The dedicated/common channel-related
intermediate signals advantag’éously then share one transmission communications
30 frequency, with the multiple signals appearing to be located on top of each other in
both the frequency domain and the time domain. Because the applied spreading

codes are channel unique, however, each intermediate signal transmitted over the



10 appropriate digital code to recover the desired information fromthe
channel . Bef gyH,e1y radi,o frequency communications or i nforr@é.%%sy(ﬁgﬁsfer
bet ieen a base station and a nobile station of the spread spectrum .
comuni cati ons system can occur, the nobile station nust find and

synchroni ze itself to the timng reference of that base station. This
process is commonly referred to as "cell searching”. In a DS-CDVA

spread spectrum communi cations system for  exanple, the nobile station nust

find downlink chip boundarj.es,.synbol .boundaries and frane undaries of

thi's t1mng  SEFOARERERGRRSRs SERSY is S bRl i hifien Bs peienton

resolve this sm%?&pptbéadsin@rteaﬁ@@em fitSretdiCelinerbs ERthATSIRA @i Bty
ar

transmtting (Wt epetition period T[err] and the nobile station 20

detecting and pr oc & 81edaS-GDMee snypad snectum mebilosiption Tespives dee yeeeived of

| ength [err] ' . ' 1. c | | al so
be referred tg&ggég?éslbe?ea ] ngyégélgﬂ%‘ér énﬁgﬁ%%%’ %@E&%@%‘%@q&ﬁ%
sygchr onk fﬂa;l]t | e¢rambiing asd spraadin'%'cbda ths despread) dv karhoving ﬁtubd&iﬂé@mﬁltgﬂy | ong
code scra ing.. I.n one type o comunj cati,ons system__eac ase
station utili ée%@%@&%&l%%ﬁwsm%gww okraten Where thaiken from
a set of avai | P& S S mi Aale Enidai %{?" :
comuni cat i onéﬁlléé/(gtng%qa&ﬁsﬁgggg&ef stations uﬁbﬁ ze ?ﬁge&sgﬂne synac r nﬁn%at i on

code, with di hbweesrceslymeisedeprodasal. sThe despreaiimgroperationtthis effectivelyugh t he
hase shifts of th nchroni.zati qn cade .for, the

f diff i
Ly ansmi ssi ons COMpHISes 2 correlatiR RFReess thal KAMPREs e el fighsl Wi e obi | e
stationygt he LEGRHMAE dbkitil8bde A RcAlRIBE daired DA fr&if thocimhbl t €r

mat ched to the 'synchronization code(s). It is, of course, understood that
al ternat e det ect i olBefersany sadie feguensysiomnpmicationpor geionnatgs: transfer

PCT/ SE98/ 015 1%etween a base station and a mobile station of the spread spectrum communications

system can o.ccur, the mobile station must find and synchronize itself to the timing
'reference of that base station. This process is commonly referred to as “cell

15 searching”. In a DS-CDMA spread spectrum communications system, for
example, the mobile station must find downlink chip boundaries, symbol
boundaries and frame boundaries of this timing reference clock. The most common
solution implemented to resolve this synchronization problem has the base station
periodically transmitting (with a repetition period T, ), and the mobile station

20 detecting and processing, a recognizable synchronization code Ep of length N,
chips as shown in FIGURE 1. The synchronization code may also be referred to as
a spreading code for long code masked symbols. This synchronization code is sent
with a known modulation and without any long co&e scrambling. In one type of
CDMA communications system, each base station utilizes a different, known

25 synchronization code taken from a set of available synchronization codes. In
another type of CDMA communications system, all base stations utilize the samé
synchronization code, with differences betvi)een base stations being identified

- through the use of differing phase shifis of the synchronization code for the

transmissions. '

30 In the spread spectrum receiver of the mobile station, the received signals
are demodulated and applied to a filter matched to thé synchronization code(s). It

is, of course, understood that alternate detection schemes, such as sliding



-4- correlation, may be used for synchronization code processing. The

out put of the natched filter peaks at tines which correspond to the .
reception WPA¥223P t he periodically transmtted synchroni zatRGFSESS®#2518DUe -
to the effects.of nulti-path propagation, several peaks may be detected
relating to a single synchronization 5 code transm ssion. From
processi ng these received peaks in a known manner, a timng reference with
respect to the transmitting base station my be found with an anbiguity
equal to the repetition period -T[err]. If the repetition period equals the
frane |ength, eomkelation; maybaused forswm zation dode prasdssing. sYne butpui afthérobi | e

Cimng 10 nachbd bR ENARTARERA I hgnon Faesiagane
transnitted syeiodivally athaniteddgndiesiibationcdde. Dets HRILFRE of ARG akE 2l

matter the length of [err] jn chips is limted by the conplexity ‘of the
mat ched fi | t erPIPR3g3RRReKEral praks mayds detectadelaing te 8 gingle synshronizatiemme

tinme, it §s degjge | g ' : r lerr] of the
Synchr oniat | cade ahbmistioh, Flim prSebdiit BlseRoRa BEAS 3 WRbwiihithel 3 o
hi gh 15 | riEnmgtrafeeaics withi resgeet torthe transrhittihdibase Sptief thHIRCfoul@with an
transmtted signal s/char;gﬁ)l . To obtain sufficient average power wth

respect to syrfeRMEHY STy JePHHOR PRTIQ iT@nIsﬁH\e\f@Ft’émBé%efiaﬂﬁ%W@el engt h
[err] it may bﬁ&ﬁérrenggﬁﬁfe%%ﬁix tinfink ?@fe%@e;i]wm@%@%@%{@@{ o

a synchroni zation code repetition period T | that™i
frane | engt h Ténddase stetien eorauinicatichis@ipREations With respect to fram\tintiler r eason

for tra 1tting ol e nghroni zatj.on.code err] ,wthin a single frane
| engt h ?l[%rgrr] is to" %Y?%ﬁﬁ}%’?ﬁﬁﬂ%&h‘gﬁ&f ‘88%@-[“1‘?&4%9}?&%!%?3}%?8% n the
conpressed nNDAE, mag bk Beletied, as alppadticakinbli@dhé fenghfoR!t in WibdiCRMREESPRL node

pr ocessi ng, dovnl i nk synchroni zatjon_on a given carrfer frequency I's
carried out duioRieEH of thematched filter implemsnied in theanobile sation ieeeivert iAtdhe

frame. 1t 1 A Bhe it RArbion 1imicthd Aol BB BRHLOB! 2gpion code

[err] per frane, at’” conpresse € processi ng ‘cou ra
significant tisyachrenizetiomleddesignalfchammeblyashmissiomsdh ioder not to cause high

i5 instantaneous interference with other spread spectrum transmitted signals/channels.

To obtain sufficient average power with respect to synchronization code
transmissions given a certain chip length Np; it may become necessary in the
CDMA communications system to utilize a synchronization code repetition period
T, that is shorter than a frame length T, as illustrated in FIGURE 2.

20 Another reason for transmitting ml}ltiple synchronization codes EP within a
single frame length T, is to support inter-frequency downlink synchronization in
the cqmpressed mode, as known to those skiﬂe_d in the art. With compressed mode
processing, downlink synchronization on a given carrier frequency is carried out
during only part of a frame rather than across the entire frame. It is possible, then,

- 25 with only one synchronization code ¢, per frame, that compressed mode
processing could miss overa significant time period detecting the synchronization
code completely. By transmitting multiple synchronization codes ¢, during each
frame, multiple opportunities per frame are given for compressed mode processing
detection; and at least one synchronization code transmission will be capable of

30 being detected.

There is, however, a drawback with respect to reception and

synchronization experienced with multiple synchronization code ¢, transmission



code conpletely. By transmitting nmultiple synchronization codes [err]
during e Joj13588, nul tiple opportunities per frame are giv
conpresse m)d’e processi ng detection, and at |east one synchroﬁlﬁnglto?%lﬁ code

transm ssion will be capable of 30 bei ng detected. There is, however,
a drawback wth respect to reception and synchroni zati on experienced with
mul tiple synchronization code [err] transg ssion WO 99/ 12295

PCT/ SE98/ 01518 within a single frame | ength Tf. Again, the received signals
are denodul at ed, and .appld ed to ilter. (@r _correlato tched to the
known synchromq?‘c’?tar%ﬂglgme I%ﬁ%&ofn’p‘% mﬁftﬁfﬁ%cef‘?@ﬁéf'@?j%rf" 0581&@35‘@ tines
that correspogsplied tb Beiltet (Rbirelatdr) fRtched 16 iR anﬂdnyza}ibﬁ Bﬁ&é.th?é’

synchroni zati on code, From processing these peaks, a I'mng reference

for the transoitput ¢fghematched flteppeaksiahtimeg thay cemespopd ¢ therrieeeptionrtinyesched

repetition peg| . DR¥ni P nner .  However hi s
timng refer eﬁgﬁgﬁg&gw guouslﬁgﬁd %%gosrﬁéhé@ n,tﬁg %’\ﬂg gﬁ%ceﬁlﬁgmﬁ-besgh hs
does nots pr estimingsreféremdeciot thienfansmitting basecstativiidetating 16 AHOHnkRroniAtioan frane

synchroni zation to the tim reference. By anbiguous it _is neant that the
boundary of t?f&lerrﬁa"r@%m&?agﬁ,t may he founddp oz mannesn Havayienthissiming

| dent | i ed 1T i dahihidds MBGRLAR fitht HinfOURRA A 88 nof BesGl! !

searchi ng process can r invol've obtail ning speci ong code
used on t he dsufitienkinfermation id Erablobase/mébibbediatioat feaine synchoonivationhtanhe |

channel 5. andEEHE EEHRN hCATBIESoN £ BoB Padns Pty shiedgme Geo ts
channel go (whi %fehcﬁﬁiihiiaﬂ_ﬁh)%nbf‘& PEPAREPHSMARS HEREte RACHRbNiOk B Ldde pelkd ONY

code group co [err] is preferably transmtted synchronously wth"(and
further prefealabey :

The cell searching process can further involve obtaining the cell specific
long code used on the downlink to scramble downlink dedicated and common
channel communications. The dedicated channels comprise both traffic and control

15 channels, and the common channels also comprise trafﬁc and control channels
(which can include the broadcast control channel or BCCH). A long code group
code ¢, ; is preferably transmitted synchronously with (and further preferably
orthogonal to) the synchronization codes ¢, as illustrated in FIGURE 3. This long
code group code is sent with a known modulation and without any long code

20 scrambling. Each long code group code ¢, ; indicates the particular subset of a total
set of long codes to which the cell.specific long code utilized for the transmission
belongs. For example, there may be one-hundred twenty-eight total long codes
grouped into four subsets of thirty-two codes each. By identifying the transmitted
long code group code ¢, ;, the receiver can narrow its long code acquisition search

25 in this example to only the thirty-two long codes contained in the subset identified
By the received long code group code ¢, ;.

Frame timing information may be found from a combined processing of the
received synchronization codes c, and long code group codes ¢,;. A mobile
station first identifies synchronization code timing by applying a © ,-matched filter

30 to a received signal and identifying peaks. From these peaks, a timing reference
with respect to the slots may be found. Although ambiguous as to frame timing,

the determined slot locations identify the timing for the simultaneous transmission



ort hogonal to) the synchronization codes [err] as illustrated in FI GURE 3.
Thi s Iongvcode 2%roup code is sent with a known npdul ation and w t hout any
| ong code¥@ 9122955y anbl i ng. Each | ong code group code [errPCTABI&AEs t he
particul ar subset of a total set of |ong codes to which the cell specific
| ong code utilized for the transm ssion bel ongs. For exanple, there may be
one- hundred twenty-eight total |ong codes grouped into four subsets of
thirty-two codes each. By identifying thebtransnitted | ong code group code
[err] the receiver can narrow its long code acquisition search 2 5 in

this exanpl e efthelng code gravproogdeoyp Corrglation isthen performed at the knovwansletet
i dentified b ' des | . tj 1]
ot o B S A0B,  AEP UL L A L] ¢

i nformation prodess ved

synchr oni zat i identéficheion] the himbarlof pussiblockt] pecifie Ionglasics ased for themobi | €
station first identifigs (fl‘v?nghroni zation code tining by applying a [err]
-mat ched fi | t‘&Eansyyssion is reduged. Lastly, psqmelatinn is performed 3gaingt sagh pEtes. From
t hese paaks, L AN b .

A T hougre ambi Sace EE bFIARRRAN, i, ERRGE [ ics Senina iy HYE s fred

i dentify the subsethet dach of the kmiomml slets éo detetming syhichs calhspecifid@oR®OLddzA95

PCT/ SE98/ 01518 .- 6- af. the | ong. code oup. cod ert.l. Correlation.is then
perforned at %@Rﬁﬁr&e&mﬁﬁﬁm@‘{?@&&% ¢ Ry IIS‘FBED(‘?Sdbnﬁ?gl?p code
[err] identiflicat mfis Rl friing tintiaphd {defi@fité@n, the nunber of possible cell
specific long codes used for the transm ssion is reduced. Lastly, a

correlation is perfosonsectionavith thesaasmussiomef multiple syadhronizationbedesd}, | ong
codes (j. €

e., thpse L. [{:89 apned. L0t he [ ' £ et) at
each ofiq he kNo %%1’8@% 0 ag?%@ﬁfhgﬂe M Ch ngﬁn @Lée%’?‘lr ﬁ%ﬂ%golﬁgaﬁgggg% ¥ beij ng
used for the issBisiinskd manneanitscpysed iiE). S\ Rakens Applitdtion izl Bloce8/88%,002,t he

entitled “MOBILE STATION SYNCHRONIZATION WITHIN A SPREAD
SPECTRUM COMMUNICATIONS SYSTEM?”, filed June 27, 1997, by having

each of the slots include not only a synchronization code ¢ 5> 35 in FIGURE 2

15 described above, but also a framing synchronization code ¢, transmitted with a
known modulation and without long code scrambling, as illustrated in FIGURE 4.
The synchrom‘zatidn code is the same in each slot and across the repeating frames.
The framing synchronization codes, however, are unique for each slot in a frame,
and are repeated in each frame. |

20 To obtain frame timing information, a.mobile station first identifies
synchronization code timing by applying a 'ép -matched filter to a received signal
and identifying peaks. From these peaks, a timing reference with respect to the
slots can be found. While this timing reference is ambiguous as to frame timing,
knowledge of the slot locations indirectly points to the location of the framing

25 synchronization code ¢, within each located slot. The mobile station then further
correlates the set of known framing synchronization codes ¢, to the received signal
at the locations of framing synchronization codes. Given that the position of each
framing synchronization code ¢, relative to the frame boundary is known, once a
correlation match is found at the location, the boundary of the frame relative

30 thereto (and hence, the frame timing) is then also known.

Although the foregoing methods for obtaining synchronization information

can provide satisfactory results, their performance capabilities under degraded radio



phase shift is found, frame timng is identified. In connection with the

t ransm ssj seil tiple synchronization codes 10 Wi t hi ' frame
| ength TJ[ gﬁlﬁ?ﬁtzf?é determ nation of frame timng is alter naﬁ@?’?}gﬁgﬂ%t ed
in the manner disclosed in U S. Patent Application Serial No. 08/884, 002,
entitled "MOBILE STATI ON SYNCHRONI ZATI ON W THI N A SPREAD SPECTRUM

COVMUNI CATI ONS SYSTEM', filed June 27, 1994, by having each of the slots

i ncl ude not only a synchronization code [efr], as in FIGURE 2 15

weh a known onitihs Be9 Ruct AR BB na FORE b deseribed at eq | n
FI GURE 4. The privnaftiappicadhidsPpocst@adioilinki ddaditidnE ahdhpRePthih YorRMCnAtfPsne t Ne

repeating franes.. The fram ng_ synchroni zati on codes, however, are unique
for each sl ot lpyelscancanes 2 mebilesiatipn b makel an incorrett decision omeither the long To

obtain franme tjg@l QLAY | |l i fi.rst fdentifies

synchr oni zat i gﬁa%:ggg | ﬁ%“q’bg'b@%é’f)‘% g?%&qgerﬁlé?%&ﬁﬁ?%ﬁggeh%ﬁ’%#m‘feomz?e

recei vedssi gnglerfonted thanbédupy valupblehiocdssiagrésonnes,nea kompRxith Hnplnidt er ence
with respect to . the slots caﬂ be found. Wiile this timng reference is

anbi guous as B@9SloFRAOYR thefs cess. Epsentiplly, meys signshenargylcowdiey
points to the ' “(Itngethr ) e';?eli‘i; i | I .
wi t hin each Igggteégdg?gﬁglﬁr e %quagg‘é%g??rgr? then 0(l(}rg't ﬁ%&"}e&g)lr"(r&eﬁ?%é%a%%e
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SUMMARY OF THE INVENTION
Essentially, in accordance with the present inventiqn, a method is provided

15 for more effectively acquiring a long code and frame timing during a cell search, by
using a special coding scheme. A code set of léngth M Q-ary code words including
symbols from a set of Q short codes is defined with certain properties. The primary
property to be satisfied is that no cyclic shift of a code word yields a valid code
word. The other properties to be satisfied are that there is a one-to-one mapping

20 between a long code message and a valid code word, and a decoder should be able
to find both the random shift (thereby implicitly finding the frame ﬁming) and the
transmitted code word (i.e., its associated long code indication message) in the
presence of interference and noise, with some degree of accuracy and reasonable
complexity. .

25 An important technical advantage of the present invention is that it provides
a low to moderate complexity solution for more effectively acquiring a long code
and frame timing during a cell search, which gives a coding gain that can be used to
reduce the search time and/or required information bit energy to noise ratio
(Eb/NO).

30 Another important technical advantage of the present invention is that it

makes it possible to trade-off complexity versus performance, by varying the code
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communications system,

FIGURE 2 is a diagram illustrating an alternate prior art synchronization
channel signal transmission format in a direct sequence code division multiple
access communications system;

15 FIGURE 3 is a diagram illustrating an alternate prior art synchronization
channel and long code group signal transmissjon format in a direct 'sequence code
division multiple access communications system;

FIGURE 4 is a diagram illustrating yet another alternate prior art
synchronization code and framing synchronization code.'transmission formatina

20 direct sequence code division multiple access communications system;

FIGURE Sisa diagram that illustrates exemplary transmitter and receiver
operations that can be used to implement the present invention;

FIGURE 6 is a flow diagram that illustrates a generic decoding algorithm
that can be used in a receiver decoder for decoding the code word described above

25 with respect to FIGURE 5, in accordance with a preferred embodiment of the
present invention;

FIGURE 7isa ﬂow diagram that illustrates a generic maximum likelihood
decoder algorithm that can be used in a receiver decoder for decoding the code
word described above with respect to FIGURE 5 in the presence of random

30 symbol/bit interference/noise, in accordance with a second embodiment of the

present invention;
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10 implementing the encoding algorithm described with respect to FIGURE 10;

FIGURE 12 is a flow diagram that illustrates a method for decoding the
exemplary synchronization code described above with respect to FIGURE 11, in
accordance with the present invention;

FIGURE 13 shows a Matlab listing fof the synchronization code search

15 algorithm described with respect to FIGURE 12;

FIGURE 14 shows the cardinality of certain synchronization codes for
small values of M; | .

FIGUREs 15A and 15B are block diagrams of exemplary trellis encoders
that can be used to implement the present invention;

20 FIGURE 16 is a diagram that illustrates the cell search method to be
performed by a mobile station, as described in the prior art ARIB Wideband
CDMA proposal; _

FIGURE 17 is a table that illustrates éertain éharacteristics of a Primary
Synchronization Code and Secondary Synchronization Code;

25 FIGURE 18 is a table that shows information that can be provided by a
Primary Synchronization Code or Secondary Synchronization Code for cell
searches, in accordance with the present invention;

F IGURE 19 is an exemplary method for providing the Primary
Synchronization Code and Sec¢ondary Synchronization Code shown in FIGURE 18

30 for cell searches, in accordance with the present invention;

FIGURE 20 is a second exempiary method for providing the Primary
Synchronization Code and.S.econdary Synchronization Code shown in FIGURE 18
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search methods of the present invention over the proposed ARIB Wideband CDMA

10 cell search method.

DETAILED DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the present invention and its advantages are best
understood by referring to FIGUREs 1-23D of the drawings, like numerals being used
for like and corresponding parts of the various drawings.

15 Essentially, in accordance with the present invenﬁon, a method is provided for
more effectively acquiring a long code and franie nmmg during a cell search, by using
a special coding scheme. A code set of length M Q-ary code words including symbols
from a set of Q short codes is defined with certain properties. The primary property
to be satisfied is that no cyclic shift of a code word yields a valid code word. The.

20 other properties to be satisfied are that there is a one-to-one mapping between a long
code message and a valid code word, and a decoder should be able to find both the
random shift (thereby implicitly finding the frame timing) and the transmitted code
word (i.e., its associated long code indication message) in the presence of interference
and noise, with some degree of accuracy and reasonable complexity. -

25 -More specifically, to illustrate the environment, assume that a transmitter
transmits M symbols selected from a Q-ary alphabet (e.g., an alphabet comprising Q
orthogonal short codes of length N). These transmitted symbols constitute a
transmitted code word, and the set of length M Q-ary sequences (code words) can be

| referred to as the code. Also, the same code word is transmitted over and over again.

30 - A receiver (of these transmitted code words) knows when in time a symbol

starts and stops, but not when a code word starts and stops. Also, the transmitted.
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example, M is equal to 5. If the code’s frame timing is unknown, then the decoding

process is non-trivial. However, in this example, knowledge of the code’s frame
timing is assumed for simplicity, along with the use of a code having certain known
properties. At the receiver (RX), it can be seen that any one of the set of consecutive

15 symbols in the M=5 shifts can contain the information needed for decoding the
received signal.

Notably, for simplicity sake, it can be assumed that the time interval between
symbols is zero in the following description. Also, it can be assumed that a
conventional decoding method is used to ensure that disturbed symbols corresponding

20 to a code word are extracted with an acceptable degree of reliability.

A channel (as viewed from a receiver) can be described as introducing random
symbol errors due to interference and noise, vtrhich can shift the code words a random
number of (complete) Q-ary symbols. The transrmtter re-transmits the same méssage
over and over again. Consequently, any M of the received consecutive symbols

25 (regardless of their position) can represent the code word, up to some unknown cyclic
shift. As such, a code set of length M Q-ary code words (with symbols from the set
of Q short codes) are defined with the following properties.

Property 1: There is a one-to-one mapping between a long code message and
a valid code word (there are L code words er messages);

30 Property 2: No cyclic shift (of the Q-ary symbols) of a code word yields a valid
code word (unless the number of shifts is zero or a multiple of M, which is a trivial

solution); and
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Figure 6 is a flow diagram that illustrates a generic decoding algorithm that can

be used in a receiver decoder for decoding the code word described above (albeit not

15 the most efficient decoding method), in accordance with a preferred embodiment of
the present invention. At step 101, the decoder collects M consecutive symbols (the
received word). Next, at step 102, the decoder determines whether the received word
is a valid code word. If not, the decoder performs step 103. Otherwise, the decoder
performs step 104. _

20 As such, if the received word is not a valid code word, at step 103, the decoder
shifts the received word cyclically one step (symbol), and then returns to perform step
102. Alternatively, at step 104, the decoder outputs the number of shifts it took (in
step- 103) to obtain the valid code word, and the message associated with the code
word thus obtained. The number of shifts output at step 104 yields the code word’s

" 25 frame timing.

FIGURE 7 is a flow diagram that illustrates a generic maximum likelihood
decoder algorithm that can be used in a receiver decoder for decoding the code word
described above in the presence of random symbol/bit interference/noise (also not the
most efficient approach, however), in accordance with a second embodiment of the

30 present invention. In this exemplary embodiment, the present invention makes it
poésible to collect k*M symbols before actually decoding the received word, which

provides a better estimate of the decoded word than the first above-described method,
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sinplicity, along with the use of a code_having certain known properties.
At the receiver (R, accordenes Wathsedhird gmbodingers of the present ivegtion.on 9eergt i ve

efficient decoding algorithm is now described, along with an example that illustrates

the existence of codes which can satisfy Properties 1-3. Essentially, in accordance
with this exemplary embodiment, the present decoding algorithm combines a so-called
15 tailbiting trellis code and a synchronization code such that all of the Properties 1-3 are
satisfied. As such, a code is constructed by concatenating an inner trellis code with
an outer code having synchronization properties, so that the overall code constructed
satisfies Property 2. It follows that Properties 1 and 3 will also be satisfied.
Specifically, in accordance with this exemplary embodiment of the present
20 invention, first consider (by way of example only) a binary inpﬁt tailbiting inner trellis
encoder that produces Q-ary symbols. These symbols can represent a complex scalar
or complex vector signal. Assume that a binary input frame of length M bits is
provided. Given that input, the startmg state that the encoder should be in, in order to
end up in the same state, can be computed as follows. For polynomial encoders of
25 degree m, the starting state can be set to equal the last m bits in the input frame.
Consequently, the encoder and decoder both start and end in the same state. However,
that state is unknown to the decoder. As such, the valid code words are those that can
be obtained by starting in a certain state, moving through the trellis, and ending up in
the same state as the starting state. _
30 FIGURE 8 is a diagram that shows an exemplary trellis section for an m=2
trellis encoder, which is provided for illustrative purposes. The four boxes arranged

vertically on the right side of FIGURE 8 represent the four possible shift register states
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As illustrated by the trellis section shown in FIGURE 8, all trellis stages in the

trellis code are identical, and the same code is repeated over and over again.

Consequently, the code word path can be viewed as a path in a circular trellis, as

15 shown in FIGURE 9. As such, FIGURE 9 is a schematic diagram of an exemplary

circular trellis with M equal to 8. Each box shown represents a state column (e.g.,

such as one of the right/left columns shown in FIGURE 8), and each arrow shown

represents a set of possible state transitions and the corresponding input/output

relationship. As mentioned earlier, in accordance with the present invention, all trellis

20 stages shown are identical. Consequently, any cyclic shift of an output sequence of

symbols is also a valid output sequence. As such, in the path of the circular trellis, the

start and stop states are the same, but the actual position in the trellis where the
start/stop states occur is unknown.

The decoder employed collects M successive received symbols and assumes

25 a start/stop state position in the trellis. All cyclic shifts of the valid paths are also valid

paths. Consequently, the correct path (but not the start/stop position) can be decoded

(assuming that the noise level is not too high). Notably, although this tailbiting

encoder algorithm does not satisfy Property 2 (above), all symbol-wise cyclic shifts

of a code word are valid code words. However, using such a trellis strﬁcture readily

30 allows the use of soft decision decoding techniques and the structured trellis diagram

for more efficient decoding. An overview of known techniques that can be used for

decoding tailbiting trellis codes is provided in “An Efficient Adaptive Circular Viterbi



5 as described in detail below, the preferred enbodi nent of the present
I nvent i oORygWphews codes that primarily satisfy Property 2. pceRESS1518
described below, it follows that these codes also satisfy Properties 1 and
3. First, to further facilitate an understandi ng of the present invention,
consider a (sinplified) channel in which no bit/synbol errors occur, and
only an unknown 10 nunber of cyclic sygbol shifts of the unknown
repeatedly transmtted code word occur. A receiver has to decide on both
the actual shi\id AR \, & ' 6 fl ow
di agram t hat ﬁfléoust rafélgge%ag n%%egﬂ%g%gﬁgn%@g?% Er'nl(?altir(;:fftE E%Zgrf%‘echge in a
recei ver deco@eE. Suntbetg JBHE Trandactionscda VehichlatPechndiegly, Mod 43, Nol De994,and 15

embod ment  of UGB SB i BHE ot oL AR eSS URIPEIBERE FORH PSS
consecutive SYEDOI&olEdEndR oRiek We WaNe)a ciblitirly-Sified %rsi&?ofl‘ ﬁlg?ﬁcltgﬁ?i

det er m nes whether the received word i's a vali'd code word.
decoder ®er f oframesanbe obRinedt her wi se, the decoder perforns step 104. 2 0

As such, if the received word i.s..not a wvalli ode word St 03, . the
decoder shifts the 8‘@‘% (0 n%?ﬁ‘btb@f@ﬂ’%'ﬁf’w%ﬁé’mﬁ 8%‘5“(‘B€}¥?S&P)t,ﬁ§&’rlﬁapweﬁ
returns to pefd g4tisfisieBn Hiter HintRronddative| dodeadf Fhgth M bitst REinBREQERT that

out puts the nunber of shifts it took (in_step 103) to obtain the valid code

word, and t hecemrstitutge this Mobit frasee. wAs Klesqribed etowydhis eerssymshronizsgion Tede
nunber of shi | : '

Fimi ng. _F1 R PR 1oafeddhet, B Simhif oS Eo A shaohuer codkd AF

| i kel i hopd desingdhrcodeghisiredubtingdsihgleaode eatisfies Propegtyr2ecei ver decoder for
decodi ng the code rd descri bed ahove .in the presence of random synbol/bit
nterf erencel noi se Qe 8 HERE op %h%&e@néqueaaf%l Yessen of s i 9ode can

accordance wi b gﬁ%%%gpm“}é{mo&hg‘r%ﬂ& eRfct k% o34his decél{(eﬁsﬁ&ﬁ Vi Qtkag@ tog!ep

this exenplary I ment, the esent 1 nventlion nakes It “possib
col I ect k*M syodeoiverdb élonseuantly,dhé innse dendided) wond isrshiftédadil\aoradid oalde wiord

is obtained. The number of these shifis required defines the frame timing and the

15 message corresponding to the LCL If a valid-code word fails to appear after M shifts
are performed, it can be concluded that an inner decoding error has occurred, whereby
the present invention thus provides a form of error detection.

The following description illustrates that such synchronization codes (that
satisfy Property 2) actually exist, and for small values of M enumerate the code words

20 in the outer code. As such, a trellis code is then defined for a number of different
embodiments.

A family of exemplary synchronization codes (and their cardinality) is now
described such that each code can satisfy Property 2, in accordance with the present
invention. For illustrative purposes, M is set equal to 5 for this example, but the

25 following reasoning applies as well to any value of M. With respect to property 2, a
lirﬁitaﬁon placed on the code words is that any (non-trivial) cyclic shift has to yield
a distinct non-code word. As such, the “period” of a word is defined to be the number
of cyclic shifts needed to return to that word. - In this embodiment, the period is less
than or equal to M. A “p-cycle” is defined to be the set of “p” words of period “p” that

30 is obtained when shifting a period “p” word. A Iimitation placed on each code word
is that it have a period M, and that the M-1 shifts are not code words. Given the
above, the following algorithm shown in FIGURE 10 can be used by an encoder to



provi des a better estimate of the decoded word than the first

above-descri bed nethod, WD 99/ 12295 ' E

PCT/ SE98/ MBI¥1224%3. since a multiplicity (k) of copies of alBCHHEI3OLHE
synbol s are obtai ned. Enploying the exenplary maxi mum | i kel i hood decoder
al gorithmof this enbodinent, at step 201, the decoder collects k*M
consecutive synbols (the received word) and conbi nes the synbol s’

|'i kel i hood val ues. At step 202, for each_#‘L code 5 wor ds and each of
the Mcyclic synbol shifts, the decoder conputes the correlations between
the recei ved vEmgraimall werdsithatsgtisfy BreReIth&t i ons of the L code words under

their Msynbol-w s | r Y] d rgd and
nunber of shifts nglé%@ﬁ:.gﬁtgﬂ @M%‘?ﬁ@é?@é@? &éﬁ%@?yﬁhﬁ,&ﬁe ?{68831203,
t he decoder outqmuiuted the périndesk thedeondsr At step GOR the kRBOderTheE S%a88ds ROS

nunber of shifts that, regsulted {p the_ 1 est correlation. In
accor dance wi t9pngideatippa m&qwﬂﬁ)e@di 1%&8&8@ nf\t 51§D SH3; 18 engodes excludes

ef fi ci ents decoglj Byl @efdstififthé M-BPNes 82chpt bE th@!cggge@ggéeﬁt R gygé{t)ésge hfaat

illustrates the existence of codeS which can sati operti
Essential |y, ismallesbonifdhe wiord is viewed asrapbinary rewdted). mAt stept30d, thiceaenter

decodi ng algorithmc i nes a.so-calle ai l.biting trellis_.code and
ey nchroni 2 at FORIR theematit wafls sty Reonerty g Stisihite ecode St

As such, a codgqilfusGafié 6fihé SsbvieeSaitea afbaiin % HOwnTHEFIGURE 11.SASSHGw th
an outer code having synchronization properties, so that the overall code

constructed salMiisfequal tprSe pherygin-dinections W&minﬁ%ﬁdhaﬁ %@c-gL] rght) Gydlic| |
oo b By el Ly . . .
al So b€ 1?'[ Iofs %hﬁﬁhas%gféﬂ rélh(%:‘:" OAIYQ -1h v@o@?@&g%&fﬁo%nwfl tglbtﬁg‘:l %éfv)v(?erggr ar& n in the

enbodi ne e prese rnventron, f11rs
exanpl e only) wsiliingsghchropisativncdds (righgmosneslumn| Consegqaemticin tHiaexapiglduces
Q ary synbols. ,These synbQls can represent a .conplex scalar

the synchronization code of interest comprises the six code words 1,3,5,7,11,15

(decimal), and, therefore, L=6.
FIGURE 12 is a flow diagram that illustrates a method for decoding the

15 exemplary synchronization code described above with respect to FIGURE 11, in
accordance with the present invention. At step 401, a decoder collects M consecutive
bits (obtained from the inner decoding). At step 402, the decoder shifts the received
frame until it is as small as possible (e;g., viewed as a binary number), at the most M
times. At step 403, the decoder determines whether the resulting word is a code word.

20 If so, at step 404, the decoder outputs the code word’s corresponding message, along
with the number of shifts that had been needed to obtain the code word. Otherwise,
if not, it can be assumed that an inner decoding error has occurred. In that case, at step
405, the decodér can output an inner decoding error message. FIGURE 13 shows a
listing for the above-described synchronization code search algorithm, and FIGURE

25 14 shows the cardinality (i.e., indicating quantity but not order) of certain
synchronization codes for small values of M.

In a DS-CDMA system, the M code symbols can comprise a number, Q, of so-
called short codes of length N. These short codes are often orthogonal to one another,
or otherwise have good cross-correlation properties. Consider a low rate, time-

30 invariant trellis code in which the symbols on the trellis branches are vectors taken
from the set of Q vectors above (or symbols as referred to herein). For example, U.S.

Patent No. 5,193,094 discloses such a set of vectors.



or conplex vector signal. Assune that a binary input frane of length Mbits

i s provi dggh eofpezegn that.input, the starting state that the S,@gg&?g/f)ﬁgﬁgl d

be in, in order to end up in the sanme state, can be conpute

For polynom al" encoders of 2 5 degree m .the starting state can be set
to equal the last mbits in the input frane. Consequently, the encoder and
decoder both start and end in the same state. However, that state is
unknown to the decoder. As such, the valid code words are those that can be

obtai ned by starti ' riad t | t h:.Lh rel i d
ending up in the sgggbg}%tlggaés]ﬂ ﬁ? é‘?&’?‘??ﬂr@xértgg{seowegg&pl&y el enc?ﬁ@%@ 8
is a di agram bh@p0,3Epestively, eieeoal v vsed teiniplememtahé presétinntibi 2Ebdefitidllys -
encoder, which is provided for illustrative. purposes. The four boxes
arranged ver t Sechia fellinencadenis gimcturediin the for Ftyﬁ?alesgfbépﬁ@@é'ﬁglsﬁélz‘, 82) with

ossi bl e shif ' .

O sR05/ ok 40 i S, £ & hppper i, 29 éﬁ%@%@?ﬁmﬁ TapRing from the state of the

i ndi cat eg Llnsirchpefthm&mgﬁﬁeﬁ (lqunmmmetmaiehﬁ mpuoﬁgnilsﬁstgwlncmmtw&med
sections identical to t r i'S.section in Fl GUR . For.a .
tailbiting tré&-8 %1:%%3& hﬁﬁé’%ﬁé@?%@%@?ﬁﬁn ef#g% pEthe shift sgistes 5
col um becom%n?tbes.sea&?s Se tﬂelsb?ﬁrefg? slm,b,?i@agxagch%é@sqifferbﬁt i&cﬁ)

i ndi cate that ‘given a current state of the enhcoder (the state from
the arrow ori Gheattsi output vactorsipymbals dengl, click,....cN@ constituteta sattqfwrthegoded| i s

the code (1), and t t i 11 b t, i ch, th ]
botnt 1 g, Not aertnmor e cappgel Erirmeeter BRERAGRRAAE, Al ek Horeataly
the invegti on g fntisddal Wcests &st the sifersithdgotihl tedllis dhvddeP2e (FIGIERE 138).

shown are provided for illustrative purposes only and not intended to
speci fy the parti culsesuchappringsenal tellisicods dyobtained if the mapping from a register

state and the input signal, I, yields a vector, and if the set of vectors thus obtained form

a set of orthogonal vectors. A superorthogonal code is formed if the first m-1 register

states define an orthogonal vector, and can be taken as the output vector unless the

15 modulo 2 sum of the input bit and the m:th register state content is equal to 1. In this

case, the output vector is bit-wise inverted by inverter 26. With a typical mapping,

such as 0/1 -> +1/-1, it can be seen that the outputs for a certain state are antipodal

vectors depending on the inputs 0 and 1, respectively. As such, for DS-CDMA

applications, such codes are suitable to use as symbols because of the inherent

20 spreading effect (very low code rate), good correlation properties, and inherent error
correcting capabilities due to the trellis structure.

In addition to the novel coding (decoding) method described above in

accordance with the present invention, a novel method is also provided for including

a Frame Timing Indication (FTT) for cell searching using the coding scheme of the

25 present invention, for example, in the confext of the ARIB proposal for a Wideband

CDMA cell search scheme. As such, the acquisition-related channels transmitted in

the downlink described in the current ARIB Wideband CDMA proposal facilitates a

three-step acquisition procedure in the mobile station involved. However, since these

acquisition-related channels do not include any information about the frame timing,

30 the final step of the proposed ARIB procedure is rather complex and/or time

consuming. As described below, the present invention provides at least two methods

that can be used to provide a FTI, for example, within the framework of the proposed



As illustrated by the trellis section shown in FIGURE 8, all trellis stages
in the trellis code are identical, and the sane code is repeated over and
over agai O ®H¥uently, the code word path can be viewed RETASEISORSISn a
circular trellis, as 15 shown in FIGURE 9. As such, FIGURE 9 is a
schematic di agram of an exenplary circular trellis with Mequal to 8. Each
box shown represents a state colum (e.g., such as one of the right/left
col utmms shown in FI GURE 8), and each arrow8shown represents a set of

possi bl e state transitions and the correspondi ng i nput/output relationship.
As mentioned eARIB &idehandLoMAisehemeni th the present invention, all trellis

20 stages sho [ eﬁé : - cyelic.shift o n . .
out put sequence of V\%/e%%ﬁa?% s al'so ng\gfgf‘ﬁ%?%ﬁ%%t‘“@%&eééﬁ .cgl})geagmﬂe&\oﬁ t he
path.of the citode performetiibysa niobile Statioh, andessiibed it ieQSRIB AvideBakPOPMAUL
the actual position in the trellis where the start/stqop states occur is

unknown. The d¥eRrfél drpfashelpte @ Piwery Rynchrenisatione Code {PSEY angndrsondaryd
STt of the SYEFRhRap? Co G ErdOnisif indaldll, bOff wick kb pfotfldiion

path (but not btutevithbatlbngtade soosrblingn The doratien d€theRSC/FSE dsioneynibodbf thee
noi se level is t t.0Q hi .. Notably, a ough is tailbitin coder

al gorithm doeslébg‘“lyn%‘ﬁﬁ?/ §?"\%’%§’gﬁ%ﬁﬂa§mé]’ P&%&%@l}‘ S'altrgem_ ssanl’ %@g%%? P'bthe_
shifts of a cofgtewdIWhidhSgiv@l1bs (IQIE bIP 'o#SinforMBNE o BESLEKH BCH c}?cﬂf@ﬂﬂe' S
structure readily 30 =~ allows *he use of soft deci sion decodi ng

t echni ques andcherastesisticsftheRPC ard $$EC art sugmaarized in the tableshowa inIGURBD UT.ng.

An over \iew of ' t.hat .be_us f decaodi ng. tailbiting
rell i s ihdes AL I Hole A FURE BT ho B iy Pty dhe RBle siiorr whith ea8° o
99/ 12295 cause the cell search to take much longer than necessary. PCT/ SE98/ 01518

-15- Algorithmfor Decodi nl% General i zed_ Tail biting Convol utional Codes" by
R Cox and FIGURE 13 is a table that shows information that can be provided by a

PSC/SSC for cell searches, in accordance with the present invention. Although this
information can be provided in a number of ways, two exemplary embodiments are
15 described below that can be used for the currently proposed cell searching schemes.
Specifically, in accordance with one embodiment of the invention (as
illustrated by FIGURE 19), as in the proposed ARIB scheme, the SSC is the same in
each slot in a frame, and there are Ngg valid SSCs in the system, which give
log,(Ngsc) bits of information to be used for the LCI. The SSCs throughout the frame
20 are further modulated by one of Ny, possible valid (e.g., binary) sequences of length
16. This method provides the LCI and another log,(N,,,p) bits of information for LCI
usage. The resulting modulating sequences of length 16 have good auto-correlation
properties.
If the value of N, is greater than 1, the following properties also need to be
25 satisfied: (1) good cross-correlation; and (2) no cyclic shift of any valid modulating
sequence can result in another valid modulating sequence (and any cyclic shift
thereof). Ifthe modulating sequences thus obtained satisfy these properties, the FTI
is known as soon as any valid modulating sequence has been detected in the mobile
station’s receiver. Coherent detection of the received signal is facilitated by using the
30 PSCs as reference symbols to obtain a channel phase reference. As such, the FTI is
inherent. Consequently, all log,(Ng )+log,(Nyop) bits of information can be used for
the LCIL



C-E. Sundberg, |EEE Transactions on Vehi cul ar Technol ogy, Vol. 43, No. 1
1994, andwé dnPed ent No. 5,355,376 to R Cox et al. As suchpcps§sSdsigigss t hat
the correct path has been decoded (nost often the case), a
circularly-shifted version of the input Mbit 5 frame can be obtai ned.
In order to constrain the above-described inner code words so that Property
2 is satisfied,. an outer synchronization gede of Iength Mbits is

i ntroduced that'constitutes this Mbit frane. As described beI ow, this

outer synchroni zat iygn coden itﬁﬁ's@@oﬂaré}ﬂ&;&lﬂmeﬁt ot‘iﬂQ Xsﬂf@éﬁﬂe&“@y”g '
both the inner and outer codes as a 10 singl e co resu

singl e code s&GURE20ptwpeistascgueroecd ltﬁtﬂSGsﬂletrrepemlenfmhtfmm cmcgbﬂeﬂtl a . .
shifted versi of t.he outer e can b bta ned. wever, only one exact
shift of thi s égsswa“‘i}t %§Q‘3§e°é1e9%ﬂs Sﬁ‘t £ useg B et CHRISAUESS,

t he inner decqagz [o£h) Ibkts T ihfoRation ithat Ral e kel FHEHAOLEL ! ﬁltﬁﬁﬁ%hﬁa% isThe

nunber of these Shitts required defines the frame timng and
message &or r esduartagepusof each §SC sequenee isaurigue; eud ﬂmmdmdualsSS(Es hqcyp@od

o ror has oco PR Rebapeaich Bt TRERITTH e Rlppiaba iR aRhRe

error det ectl ;I;g lt‘mllk@ﬁﬁceﬁxdpﬁ&hwt ion illustrates that such
synchroni zati on codes (that satisfy Propert%TZ) actual ly exist, and for

smal | val ues of M &R aevalid SSCoreauersedthe F 1 is inherently prosivced, anddes SBE
such, a trelli | LBt s.
A famly of efggrp g?g@%%ﬁ@%@?g% lg{s) &egygﬁgrflﬁé?g dé;ar?%gﬁgfrg%? Y Chow
descri bad suclHot Hat firssh embodnhsent, awhmhtprsﬂgce@rlogem,%) ditsi of Eeradafian for WATh

t he present inventio For |l trative Mis set equal to 5 for
this exarrpl e, ‘ﬁﬁﬁe tlﬂg“’ic??e the}lgﬁlcaw *ﬂ‘g‘?‘?&gﬁ &ngeéF&bl"P]é‘ES {goxgthan enpughy

val ue of ﬁ}cﬁ?ﬁﬂ&gs 2b8d PRt orf performdict.at i on pl aced on the code

y

words is that an non-trivial) cyclic shift has to yield a distinct
non-code word. As mﬂéls@@blmatdﬁscnbmqeﬁsdabhned to be the nunber

oy PN A goriRe e Sas) Blal bl Bl ieiBlefient bhe'ResenP R ARESE, Thtso! 2
15 table shown in FIGURE 21 provides a comparison of the two exemplary cell search

methods of the present invention with the current ARIB Wideband CDMA cell search
proposal. The rows (steps) in FIGURE 21 describe the cell search stages involved.
For example, in the first stage (step 1), 2 matched filter (MF) is used to produce the
slot timing (ST). In the second stage, when correlating (CORR) with the SSC in the

20 second stage, since the PSC provides a phase reference, the correlations can be
coherently accumulated. On the other hand, the correlations can be performed only
once per slot, because there is only one SSC per slot. When correlating with the long
code (LC) in the third stage, the correlations have to be non-coherently accumulated.
However, this correlation can be accomplished over consecutive symbols, since the

25 long code is applied to each symbol in the frame. In that case, the correlation is
performed by concatenating the long code and the known short code of the BCCH,
which is always transmitted on the downlink. If the long code can be pinpointed by
the LCI, only one correlation step is tlecessary with the two exemplary embodiments
described above. However, with the currently proposed ARIB cell search scheme, a

30 search is still required in addition to the steps described above, in order to find the
frame timing (FT).

In order to exemplify the receiver operations needed for the methods shown



than or equal to M A "p-cycle" is defined to be the set of "p" words of
period "p" that_ 30 i s obtai ned when shifting a period "p" word. A
limitati oWO"4é%3 on each code word is that it have a peri oBCH(SES{e15i%at
the M1 shifts- are not code words. G ven the above, the follow ng al gorithm
shown in FIGURE 10 can be used by an encoder to WD 99/ 12295

PCT/ SE98/ 01518 -16- generate all words that satisfy Property 2. Referring
to FI GURE 10, at step 301, for all 2[errt2%ords of length M the encoder
conputes the period of the words. At step 302, the encoder then excludes
from consi der ®FIGTURE 21,$5¢ felloapring splectionssan bs snadeaN 234 lopgendeOgoupdie

encoder exclu ] al L,.06; t he wor i .£XC one,that can
repr esent theg%S/lc é6’( eN“@’.D,l’t SR ’e§ do%a&lng %’g%&}ﬁ@mﬁé gﬁgv%(f%?eat

bi nary nunber hccudtulstionpf 36 dorrélufors (256 ehips eadhyissiifficient foe aﬂﬂﬁi&ﬂd@&u‘ﬁﬁr ds
satisfy Property 2 gng constitute the code of interest. An illustration of

t he above- des@FiSBel 18 gplementing theauirntly prepesedARIB coll seasching seheame, depual

to 5. Th% ri gﬁg{?ﬂi{‘gﬁgﬁ f;ygglﬁgﬁ.?‘vygfg- .indicate that a (e.g., right)

cyclic 1 as en place. 2[ err] =32 words are accounted for,
and six words remain in the resulting synchroni zation code (right-nost
colum). Consequently, in this ex

phe. cipe -syrehroni zati on code of
interest conprises the six code he %{1 g‘rf

rds 1,3,5,7,1 (decimal), and,
therefore, L=6. FIGURE 12 is a fl oW, ] agqm-that-illl ustrates a method for
decodi ng the 15 exenpl ary Byrmcfhr oni zat'i on codé|descri bed above WX h
respect to FIGURE 11, in accordanciew t ht he-presemt invention. At step
401, a decoder collects M consecutjve bits (obtaine¢d fromthe inner
decoding). At step 402, the decodefs¥hi ft's thecws®agi ved frame until it is

as small as possible (e.g., viewed as a binary nunper), at the nost M

where the ¢, represent the 16 different SSCs, the y, represent 16 consecutively
received SSCs, and the dot product denotgs'that correlation is performed.. With 16
correlators in the mobile station’s receiver, the 16 correlators need to be operated for
16 slots, in order to form the 256 correlations of Z,. The elements of Z, can also be "
10 multiplied by the conjugate of the corresponding PSC correlations, in order to remove
the phase shift resulting from the radio channel and frequency synchronization errors.
As such, this multiplication can be assumed to have already been performed in the
matrix (1) above, and also throughout the remaining description. The rows of Z, are
then summed. One of these sums will have a 'larger.magnitude than the rest, which
15 indicates the SSC. |
In accordance with the first embodiment (method 1 above), the matrix (1) is

also formed. However, to implement method 1, the matrix (1) is further multiplied

with the following matrix:
my, m, ms
my m; " om,
Ml - ass .'Il »ew [11] (2)

s My T My,



times. At step 403, the decoder determ nes whether the resulting word is a
code wor dwWO9¥/12295 If so, at step 404, the decoder outputspichaspegosipord s
correspondi ng .nessage, along with the nunber of shifts that had been needed
to obtain the code word. Otherwise, if not, it can be assunmed that an inner
decodi ng error has occurred. In that case, at step 405, the decoder can

out put an inner- decoding error nessage. FRGURE 13 shows a |isting for the
above-descri bed synchroni zati on code search algorithm and FlI GURE 25

14 shows the eqdfed il dotumits contain bl @ielid shifis qﬂmatmdmmuig seghere{fdshmell to
certain synchronization codes faor snall values of M In a DS- system
the M code sy®Baral valueshsrin farsimplicityle r Theymultiplicgtion,of Mg produces édé@!&ﬁof

|l ength N. The : e

| ength, N, Tt et B G Bl BR 1890 sy SRR RI I, e
time- 30 row irideix aff this eleinkntprodutes the DET, add the eolaymiiadex pradﬁdsbe the Earhe s
branches are vector TIéaken fromthe set of Q vectors above (or synbols as
referredto hé‘-PEP&ﬂ's exanple, U.S. Patent No. 5,193,094 discloses such
a set of vectors. i M@

AT S8/ 01510 - 17 10 pEstRes W the sroond cmbodiment of the 15 imyention (mfethé)gezrrp R
trellis encodansteati®ofdneimadix (133he follomdhg mattigis formedie used to i npl errent t he
present invention. Essentially, such a trellis encoder is structured in the
formof a length mshift register (12, 22) with an input signal, I, and a
mapper (14, 24) that perfornms a mapping fromthe state of the 5

respective shift register (12, 22) af}ﬁn tdqg; cur I’c?fgllsl nput signal, I, to an
out put vector (e.g., cl,c2, ,CcN).|_I'n the trellis jencoders 10, 20 shown,
the length of the shi f t regl st er (e vs é;yloonsq ntly, the shift
registers 12, 22 can each take @n=g different states. The set of out@ht
vectors/synbols (e.g., cl,c2,...,cN) “consfiitiite @ slet of orthogonal

where the Z: are the SSCs of the SSC sequence. The matrix (3) is then multiplied by

the following matrix:

”m o(o) m 0(1) - m 0(15)
©) (l) (15)

e omy o omy

M, = @

® M (15)

Ms Mys 77 Mhys

10 where the columns represent all of the 16 possible modulating sequences (again

assuming real values for simplicity). The matrix multiplicatiori, Z,M,, again yields a
16x16 matrix, where one of the elements would have had a larger magnitude than the
rest. The row index of this element produces the FTI, and the column index produces
the LCL
15 The operations for the above-described methods of the invention can be
" extended to include more general cases. For example, if more modulating sequences
are desired, the matrix M1(M2) can be expanded with new columns containing all

shifts of all allowed m-sequences. If more SSC sequences are desired in implementing



vectors for the orthogonal trellis encoder 10 (FI GURE 15A), and a set of
ort hogonal 10 or antipodal vectors for the superorthogonal trellis
encoder 20 W?Ig&ﬁﬁslSB). As such, an orthogonal trellis code BCIRRBNHE i f
the mapping froma register state and the input signal, |, yields a vector,
and if the set of vectors thus obtained forma set of orthogonal vectors. A
superorthogonal code is fornmed if the first m1 register states define an
orthogonal vector, and can be taken as the o@2put vector unless the 15
nodul o 2 sumof the input bit and the mth register state content is equal
to 1. In this casthe sedondmetipd aboee,ithe mawixhZi,can be exparded by algingnmows bEshifted
Wth a typical mppi such as. 0/ 1, sg~+1l/-1, i an be se t hat the
outputs Tor a cerreirarsy aff Bloprd SR srmbases FAGE 285 MOrIORR Sores ROR SR 0
and 1, respectivehsn thimaHe!T,, Gescribed SBIVB fonmkifeairheahed catbdexneaed by alding
suitable to use as synbol s, because of the_ inherent .2 0 spreadi ng effect
(very | ow code r dn@ig, ToysRf comretations.i s Pichpui '%&m??ﬁosert QF spEplatazs ?q)pse, e
correcting %apab'doéfel néUBnt Be tefobinBl | thS siisbyifent! ffPamés) AN 0Be (cBhéfRtly
novel codi ng (decodi ng) net hod described above in accordance with the

present inventi oraccumnlated) This Rbservasion|is yalid &uriheshiof the abeve-dasasiped cell sparch

Timng | ndicati O%étﬁgégotftﬂéin%hﬁmfearcm ng usi ng the coding schene of the 2
5 present invention, for exanple, in the context of the ARI B proposal
for a Wdeband CDVA ceThe $allowihg SieheriptionAsomsperes thehtwa eglli satchomethelis tof dhe

channel s transmtted. n_ t downl i nk . hed .| he current ;AR B .W deband
CONA. pr oposal 1 adhTSrap setng FitnsedaRfie Witstna ChNeoliskil Sercer alorfge g
station i ni@ ved. mikevekrconspanieen;! dxstimeaibatiitits syaemr parainetérs khowalia Tableol

i ncl ude any i nfor rrat,i%ri aboulfySft he I’hrﬁ? mygt(lg 30 the final step of
the proposed ARl BepFiBbeen BP0 eac r@o‘gﬁbf’ L54%r time consunming.. As

descri bed below, the present invention progaigsiat | east two nmet hods that
can be used to pravide a ETI __for exanple within the fragework of the

proposed Parameter . Value
Chip Rate 4.096 Mc/s
15 Symbol Rate of the physical channel that carries BCCH 16 kSymbols/s
Frame Length . 10 ms:
Slots per Frame _— 16
Symbols per Slot 10
Chips per Symbol 256
20 Number of correlator units in MS _ 16
Number of coherently accumulated 256-chip correlations
needed for sufficient noise/fading suppression 16
Number of non-coherently accumulated 256-chip correla-
tions needed for sufficient noise/fading suppression 32
25 Number of long codes in the system 956
Long Code Groupin,
PIne 1x256, 4x32,
16x16, 32x4

The following Tables 2-5 illustrate the advantages of the two cell search
methods of the present invention over the proposed ARIB Wideband CDMA cell
search method. For example, Table 2 hereinbelow shows the number of 256-chip

30 correlations needed, and the time required to achieve downlink synchronization for the

three cell search schemes, for the case where there is no long code grouping involved.
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PCT/ SE98/ O33d §9/1228% AR B W deband CDVA schene. Specifically, r@ %@ Eﬁﬁi s a
diagramthat illustrates the cell search nmethod to be perfor 4 2 bile
station, as described in the ARIB Wdeband CDVA proposal. In each slot, a
Primary Synchroni zati on Code (PSC) and Secondary 5 Synchroni zati on Code
(SSC) are transmtted in parallel, both with_known nodul ati on but w thout

| ong code scranbling. The duration of the PSE3SSC i s one synbol of the 16
ksynbol s/ sec physical channel, or 256 chips. There are N err] valid SSCs in
the system which give log[err](Nerr]) bits of information to be used for

a LCl. The characteristics ofthe PSC and S@Cbgr summari zed in the table
shown in FIGURE 17. 10 As illustrated RE 17, no FTI is provided
to the nobile statd c o thke rongér
t han necessary. ;J-éﬁE- (22 innP M%ﬁ&?

provi ded by a PS{2SSC f oe thalgxes 2 t h id&%:p;@sent
“invention. Althofigh thi #096)ARR04Ee pF OMopajadg 20382 nunber of ways
two exenpl ary enbpodi nmer bel ow t hat cpn be used fo
the currently prpposed dlﬂLl‘\YseawrMhd rawhatve s| MBpsdrdnesal | y|, 1 Flamaccor dange
wi th one enbodi ngnt of |the i nvent§¥emgsas il | usAvzat &8ratmps FI QURE 19), as in

t he proposed ARI B,scher he S e samne ch s rarre apd
there are Nerr] %/alidngg in S‘néi%?/g'sétqem Whllg?‘li::gg °’Tei? [ ef %{Eﬁt a‘b ts
of information tp be uged for tlhe LCI. The SSCs oughout

are further nodufated bhypyppas off @ssi b , NO AR
sequences of lenpgth 16] This netg;gigﬁ‘%%lg\e?des ﬁofﬁﬂﬁ&%&%d an Nﬁer r)ﬁlay
Iog[err](N[err]) brts—yf—Tformetrom—for—¢C tSates |h€ 5 .

modul at i ng 3equeh&®d off QOBRgt h ({1294813562030d HLA048 corr el at i OfR256+299&286 es. | | f
the value of N efr] is éarvé)ater than 1, the fgllow ng properities also neef
to be 2 5 sat| sfied: D%ngoc L Lross- correlfati on; and (2)] no cyclic shjft
of any valid nodjl ati n? v _rmnes+l6Slots 8 Frames 1 Frame

g) 8.1 Frames

Table 3 hereinbelow shows the same information for the case where there are

four long code groups of 32 codes each involved.

10

~ Table3
STEP PROC ARIB METHOD 1 " METHOD 2
2 CORR 4x16=64 4x16=64 16x16=256
DELAY 1 Frame 1 Frame 1 Frame
3 CORR Max 16x32x32 = ‘Max 32x32 = 1024, Max 32x32 = 1024,
16384, Avg 8192 Avg 512 Avg 512
DELAY Max 1024 Symbols Max 64 Symbols = Max 64 Symbols =
=102.4 Slots=6.4 6.4 Slots = 0.4 6.4 Slots=0.4
Frames, Avg. 3.2 Frames, Avg 0.2 Frames, Avg 0.2
Frames Frames Frames
Total CORR 64+8192=8256 64+512=576 256+512=768
(avg)
DELAY 1 Frame +3.2 1 Frame + 0.2 1 Frame + 1.6 Slots
(avg) Frames = 4.2 Frames = 1.2 = 1.2 Frames
Frames Frames

Table 4 hereinbelow shows the same information for the case where there are

16 long code groups of 16 codes each involved.
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sequence can result in another valid nodul ating sequence (and any cyclic
shift therg&}%g/'l t he nodul ati ng sequences thus :obt ai ned sat i sfy these
properties, is known as soon as any valid nodul ati ng (fé ’é"ﬁas
- been detected in the nobile station's receiver. Coherent detection of the

received signal is facilitated by using the 30 PSCs as reference synbols
to obtain a channel phase reference. As such, the FTI is inherent.
Consequently, all log[err](Nerr])+log[err]¢B$err]) bits of information can
be used for the LCl. WD 99/ 12295

PCT/ SE98/ 01518 -19- In accordance with a s@®abledt enbodi nent of the invention
(as illustrated py—+SgRE26)—there—s—a——Seqguence—ei—6—SSCs—that—+repea s
in each frane. |p SfEReral PR@Qerjfe areARIRBrr] sjuchMETHO®RLUeNCeSMEFHOD2AN pe
used in the systgm whi I oduces errJ(NEerr TS Of] Jnrornation

that can be used|for tre%bﬂ% 13 KE Hg_?%{:ase i I 16?%6%5 vléﬁ’t%&?ous i f
each SSC sequencp is uniggdQy aﬂglﬁrgﬁe i ndi vi du FSSCs have g ff‘d aut o- and
Cross_correl ati ok plr Cp 2 =Y MeNel., Lt nrn\l Y= QQQI]I’TPd L \/HI e

Nlerr]=1 will suf8ice ijfCORRpr actMa&el6xion3t+ ndi nga;aleyﬁdasiz,ssc m@mggfy_eeslz,t h
FTI is inherently prodyced, and tsme, Sgaceequeneegesh al so He Avpdsg ated a
illustrated by the nethod descrji bed directly jabove 10 flor the first

enbodi ment, whi ch prodydEA¥og[ P‘]SgNFYmbO}SF bji Max 33fSymbdlor et Mo B2fSpmnbdlGH

usage. In this cphse, the LCl cdn3tARBIET3.55, §36-28idts, Avehé alB2dilor Amg b6t han
enough), which pfovide§ good: LQl FrmeedvEdA per SiatsmerFeames| GURIR0.] Erames
tabl e that descrlhes L\rﬁn cell deXF$ al gorithns (methods) tlhat can be uskd

to inpleneng the| psasenicorRYentfiBR.4068-3852 t hg 2kaiase-s13 bl € is3gucig, FI GURE
21 provides a coppari sd)r@avg)‘ thg two exenpl ary cell search

28N ¢]

DELAY 1 Frame + 1.6 1 Frame + 0.1 1 Frame + 0.1
(avg) Frames = 1.1 Frames | Frames= 1.1 Frames=1.1
Frames .. | Frames

Table 5 hereinbelow shows the same information for the case where there are

32 long code groups of 4 codes each involved.

Table § -
STEP PROC ARIB METHOD 1 METHOD 2
10 2 CORR Max 16x2x16=512, | Max 16x2x16=512, | 16x16=256 .
"Avg256. - Avg 256

DELAY Max 2 Frames, Avg Max 2 Frames, Avg 1 Frame
1 1

Frame Frame
3 CORR Max 4x16x32=2048, | 4x32=128 4x32 =128
Avg 1024
DELAY Max 128 Symbols= | 32 Symbois =3.2 32 Symbols =3.2
12.8 Slots = 0.8 Slots = 0.2 Frames Slots = 0.2 Frames
Frames, Avg 0.6
Frames
Total CORR 256+1024=1280 256+128=384 256+ 128=384
(avg)
DELAY 1 Frame + 0.6 1 Frame + 0.2 1 Frame +0.2
(avg) Frames=1.6 Frames | Frames=1.2 Frames=1.2
Frames Frames

As such, the first step (the matched filtering or MF stage) is the same for all of
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met hods of the present invention with the current AR B Wdeband CDVA cel |

search prog@sajissekhe rows (steps) in FIGURE 21 describe the g Is
stages involved. For exanple, in the first stage (step 1), %FE%&% fl l ter

(MF) is used to produce the slot timng (ST). In the second stage, when
correlating (CORR) with the SSCin the 20 second stage, since the PSC
provi des a phase reference, the correl ations_can be coherently accunul at ed.
On the other hand, the correlations can be ﬁ%?forned only once per slot,
because there is onIy one Sscggfr slot. Wen correlating with the |ong code

(LO) in the thirthedhisg@methods. Consequemtis shis Stepds p@lttpélﬁq@nT@blnereﬁtshwm above

| ated. Ho r hed ov consequtive
Symhor s o neo-t T Smehclly ke POt SmeBr AR SoRRIABES Tt AR BUE hycrRgio Vaike it
In that case, thgwemrmﬁhsoarfomaﬁemﬁﬁmﬂdEeaaﬁ@ﬁ%tpemhhéwfdrhseLerwuié)ﬂ?
and the known short code of the BCCH, which is always transmtted on the

downl i nk. If thethesamelationposssssen be tepoinateddbefigre mH@ossible conbjnativms have been

| ts.d
Cove. Honer " RTGHIE AR ety B plS e PR e D WIS B R i
search is still seedhese@.d. rarﬁ@{@Nld?ﬂe&ﬁt éJﬂésﬁbﬁFh%ﬁ@éN/E%ée@Hé\)é% Be'teSted e

to find the frane timng (FT). In order to exenplify the receiver
oper at i ons needeHowsven %Wﬁtﬁtlgasgr@mfthe N/@(%/mme to be tested. As such, the

N{err] 2256, T ong S8k PyFRicalions Zevx fan Seyebhimen o™ RE Brafortied Bitanductmo teitor
cach) i s ufficl oobred Eﬁ‘aﬁ‘fﬁﬁa‘éﬁ?ﬁ‘é‘? I 86 el B it 28Rk by
current |y 3 oposEeblesd-B shawn abayar the twi excrhpany, cell lseargh methoﬂs Hesevibad above and
correlation matr] )g'fénsne]a in ggc%rdance with the present invention, facilitate a faster, less complex
cell search process in the mobile station involved, both at initial synchronization and
during handover measurement reporting situations. Also, as Tables 2-5 above show,
both the delay and complexity of the cell search methods of the present invention are
15 lower than those for the ARIB proposed cell search method. In particular, the third
stage (step 3) of the mobile.station's cell search procedure implemented with the two
methods of the invention, is up to 16 times faster and less complex than with the
proposed ARIB method.
Although a preferred embodiment of the method and apparatus of the present
20 invention has been illustrated in the accompanying Drawings and described in the
foregoing Detailed Description, it will be understood that the invention is not limited
to the embodiment disélosed, but is capable of numerous rearrangements,
modifications and substitutions without departing from the spirit of the invention as

set forth and defined by the following claims.
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[err] where the CJerr] represent the 16 different SSCs, the y[err]

represent 16 consecuti vel nd the dot product denotes that
coPreI at i oWQ ¥/132%% or ned. y| lmnﬁﬂﬂmﬁf“ﬂ Imors in the nobi | ePETSEPTSES
receiver, the-16 correlators need t& bé& operated for 16 slots, in order to
formthe 256 correlations of Zerr]. The elenents of Z err] can also be 10
multiplied by the conjugate of the corresponding PSC correl ations, in order
to renove the phase shift resulting fromtheyg.adi o channel and frequency
synchroni zation errors. As such, this nultiplication can be assuned to have
al ready been per \wHAEUS CLAIMEMELS:i X (1) above, and al so throughout the
remai ni ng description. The rows of Zerr] are then summed. One of these
sums will have a | argér nadnimethisl fonfacilitating esli seanglies in a Sellular comlinunicatonshe
SSC. In accordance with the.first enbedi ment (nethod 1 above), the matrix
(1) is also for nSFCISRRREIING BesieBF Ofrent nethod 1, the matrix (1) is
PCT SE08/ 01515 - 21- wher St R Pt ok WentFig)code, {0 0P esiipsion, said
-21- ere
nodul ati ng $Sequeirdentifiasg vodalsdt comprisig a phirality dfeode words insludig & iptuthlity Tofe

i plicati , d 16x16. Matr| , f th
el ement s woul d hSTBOUISIEGER arser REhort eies 46 EAde MEt] Of SAHLPIUBHIY 46 6805 Mordsi
el enent produces gt@edlsthh thath éﬁ&cﬁ-‘gbigﬁe@o i@ 9@%@3&9%&8&@@&%& ?ﬂ%@g%si a valid

timng (FTI). In accordance wth t n I'ment o nver
(nmethod 2 above) codensomladndf the matrix (1), the following matrix is
f or med:

said base station transmitting said generated identifying code.

10 2. The method of Claim 1, wherein said plurality of code words comprises
a plurality of Q-ary code words, and said set of short codes comprises a set of Q short

codes.

3. The method of Claim 2, wherein said plurality of Q-ary code words

comprises a plurality of length M Q-ary code words.

15 4, The method of Claim 1, wherein said idenﬁfying code is formed by

concatenating an inner and outer code.

5. The method of Claim 4, wherein said inner code comprises a tailbiting
trellis code.
6. The method of Claim 4, wherein said outer code comprises a binary
20 code, |
7. The method of Claim 5, wherein said tailbiting trellis code comprises

an orthogonal trellis code. |

8. The method of Claim 5, wherein said tailbiting trellis code comprises

a superorthogonal trellis code.
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[err] where the c[err] are t he SS SSC sequence. The matrix (3) is

then mul t| % ﬁ t he ow ng nmatrj err] 10 mherePgLeSEgg}b*ms
repr esent 01; the 16 pﬂmm m‘m \ﬂm g sequences (agai n-assumng real
val ues for S|TrpI|C|ty) i.cation, Z[err]Merr], again
yields a 16x16 matrix, ‘whefe bne" of the el ements woul d have had a | ar ger
magni tude than the rest. The row index of this el enent produces the FTI,

and the columm index produces the LCI. 15 -27- The operations for the
above-descri bed net hods of the invention can be extended to include nore
general cases. For exanple, if nore nodul ati ng sequences are desired, the

matrix ML(M2) can be gexpanded .wit ol ont.ai _ni L ts |1
al | oned m sequences. %e miggleglg greﬂa\é% ?@@ﬁ%&ﬁ@ﬂ%ﬁ“% H’E ’"m od

WO 99/ 12295 from a base station in a CDMA cellular communications s ystemn, confris 8/ 918
-22- the second nethod above, the matrix, Zerr], can e expanded y add| ng

rows of shiftedoorrel ations vm'th all allowed SSC sequences. If there are
nore | ong codes per ou n.the.matri r descri be e for.the
frret merhod can be JirTinesPBYaL g Hasriive SoREOS portBRmng Sud ifitiias &0
with a |imgted set Ofae@aiﬂémeaeﬁaxmeelvémmih of cBfSchtin & r@ﬁmsc@a?n es

performed in subsequent franes, and still be coherently accu ted. "This
observation is \aatalid code word; landf t he above descri bed cell search nethods of
the invention. The fallq des t|o a.res t cell search .
met hods of the |nvent1f6ﬂ\‘qn\ﬁf‘tg°h eﬁh@“ﬁ? H‘gB g BRI cemPTIse 2 Yrlg,

schene. I n order,hQ word, cyclically shifting said recexved plurahty of consecutive symbols by a
predetermined amount, and refurning to the determining step;

10 if said received plurality of consecutive symbols comprises a valid code word,

outputting a number of cyclical shifts made to obtain said valid code word and a

message associated with said valid code word.

10.  The method of Claim 9, wherein said number of cyclical shifts made

to obtain said valid code word indicates a frame timing for said valid code word.

15 ~ 11. The method of Claim 9, wherein said plurality of consecutive symbols

comprises a predetermined number of consecutive symbols.

12. The method of Claim 9, wherein said pre_detennined amount compﬁses

one symbol.

13.  Amethod foramobile station to decode an identifying code transmitted
20 from a base station in a CDMA cellular communications system, comprising the steps
of:
collecting k times M consecutive symbols, said M consecutive symbols
- comprising said identifying code;
calculating a combined likelihood value for said collected k times M
25 consecutive symbols;

for each of L code words and each of M cyclic shifts of said collected
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10 make that conparison, assune that the system paraneters shown in

Tabl e 1 herei nbel ow apply #§ | om ng cases. Tabl
Eo et o SSWEE 0\ IR "ad" > Febidms

4.096 Mc/s 15- nbol Ratecof Lt he physi cal channel that carries BCCH
16 kSynbol s/ s Frame Length 10 ns

Sl ots per Frane 16 Synbol s per Sl ot

10 Chi ps per Synbol -28- 256 20 Nunber

of correlator units in M5 16 Nunber of coherently accunul ated 256-chip
correl ati ons neexbasechitive sybolsj Mpmgse/cbaﬂlangnshgppewssaldnk timed M Nobibeted of
non- coherently accunul.at ed el a: tions.needed.fo suff ent
noi se/ f adi ng supfoPEELHYsSy™ éogi élal?of% times L sonseshive Hon e@"l? ﬁg ?gftem
256 Long Code G ouping 1x256, 4x32, 16x16, 32x4 The followi ng Tables 2-5

il lustrate the advantages of the two cell search nethods of the present

i nvention over the prsﬁmﬁxmboﬁﬁh&r&ﬂnthhmﬂmhr@ﬂﬂlicailslﬁf&emdehharprd&ndedthighest
exanple, Table 2 here| bel qw, shows the nunber of 256-chip 30

correl ati ons necdeehnt gheorrelation indhe eRIPYEE S¥P-achi eve downl i nk

synchroni zation for the three cell search schenes, for the case where there

I's no | ong code grouping invol ved.
5 14.  The method of Claim 13, wherein said number of cyclical shifts made

indicate a frame timing for said identifying code.

15.  The method of Claim 13, further comprising the step of outputting a

message associated with said stored code word.

16. A method for encoding an identifying code to be transmitted from a
10 base station in a CDMA cellular communications system, comprising the steps of:
computing a period for each of 2™ words of length M to be encoded as said
identifying code; _ |
excluding each of said 2™ words that has a period less than M;
for each of M cycles of a remainder of said 2™ words, determining a
15 representative word; and

storing each said representative word.
17.  The method of Claim 16, wherein each said stored representative word

includes a plurality of code words and no cyclic shift of any one of said plurality of

code words produces a valid code word.
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PCT/ SE98/ O\ld3, - Table 2 STEP PROC ARl B

VETHOD 1 B S 5 5 CORR Max 16x16x1BerSEosOISyg,
16x16x16= - 16x16=256 4096, Avg 2048 . 4096, Avg 2048 DELAY

Max 16 Franes, Avg Max 16 Franes, 1 /iLg:r ame 8 Franes _ Avg 8
Franes 3 CORR 16x16=256 * No further correl a- No
further correla- tions needed tions needed DELAY 16

Synbol s=1. 6 No further del ay rther delay Slots 5 Tot al
CORR 2048+256=2034 204#'@_ a 256+2048=256 (avQ)

DELAY 8 Franes + 1.6 Slots 8 ﬁ@@m | Franme (avg)
8.1 Franes Tabl e 3 herei nbel ow shows information for the case

where there are four | ong code groups of 32 codes each involved. Table 3
STEP PROC ARJB METHCD 1 : METHCD 2 10
2 CORR 4x16=64 4x16=64 - 16x16=256

DELAY 1 Frame Fran@(...LEram&S CORR
Max 16x32x32 = Max 32x32 024, 32x3—=11024, 16384, Avg 8192
Avg 512 Avg 512 DMT _% Max 1024 Synbol s Max 64 Synbol s
= Max 64 Synbols = = 102.4 ot =76. 4 6.4 Slots = 0.4 6.4 Slots =

0.4

FIG. 2

PRIOR ART

e

FIG. 3

PRIOR ART
T
e I
8 81 —Sm-1
0o Ep Ep . o.o @ * o
LR BN J Elci --C.Tc; ¢ o @ LI I
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Frames, Avg. 3.2 Frames, Avg 0.2 Frames, Avg 0.2 Franes
Fr ames Frames Tot al CORR 64+8192=8256

64+512=576W0 12295  556.,512-768 (avg) DELAY | Frame + BCT/SE98/01518]
Frame + 0.2 - 1 Frame + 1.6 Slots (avg) Frames = 4.2
Frames = 1.2 = 1.2 Frames Franes Frames Table 4

her ei nbel ow shows the same informationfbr8the case where there are 16 |ong
code groups of 16 codes each involved. SUBSTI TUTE SHEET ( RULE 26) WO
99/ 12295

PCT/ SE98/ 01518 -24- Table 4 STEP PRCC ARIB

METHCD | METHOD 2 2 - CORR 16x16=256 -

16x16=256 16x16=256 DELAY 1 Frane 1 Frane

| Frane 3 - CORR Max 16x16x32= Max 16x32 = 512, Max
16x32 = 512, 8192, Avg 4096 Avg 256 .Avg 256 DELAY Max

512 Synbols = Max 32 Synbols = ynb Is 51 2 Slots = 3.2 3.2
Slots, Avg 1.6 3.2 Slots, Avg 1.6 F Slots - 0.1 Frames
Slots = 0.1 Franes Franmes 5 Tot al PRIO 256+4096=4352

256+256=512 256+256=512 (avg)

T
[_?Sj— T R —

) Cp Cs’o Cp Cs’1 s e 0 Cp CS,1 s e

FIG. 5

start start : start start

™ __ | | yapwepaleptigmil g g1 ]

R b g
T=——_—Z—  ForRX, any of the M=5

-~ -:_—shlfts are possible
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DELAY 1 Frane+ 1.6 1 Franme+0.1 1 Frane-0.1 (avg)
Frames = Frames = 1.1 Frames=1.1 Franes

Fr ames Ta%Y g%erel nbel ow shovvs the sane informati on for tﬁgTésellisggm 8 re
there are 32 ong code groups of 4 codes each involved. Table 5 STEP

PROC ARJIB NETIgJ? METHOD 2 10 2
F*@ <512,  16x16=256 Avg 256
Avg 256 DELAY X Fr arres ARGAR 2 Franmes, Avg 1 Frame Frane
Frame 3 Max 4x16x3 —2048, 4x32 =128 4x32=
128 Avg 1024 DELAY Max 12 0 ols = 3.2 32 Synbol s
= 3.2 g2.8 Slots = 0.8 S| otsw 'F-¢£mes jélbg?s = 0.2 Franes Frgmes
Avg 0.6 Frames Tot al CORR 8 %Réﬂf F1280 256+128=384
256+128=384 (avg) DELAY 1 U 1 Frame [err] 0.2 1
Frame + 0.2 (avg) Franmesk1l. SYMBRLS Frames=1. 2 Frames=1. 2
Fr anes . Franmes_As _such e Tirst step (the matched filtering
or MF stage) is the sane [for all of SYBSTI TUj{ngHEET (RULE 26)
YES :
="
OUTPUT NO.

RECIEVED CODE | MSG ASSOCIATED

WORD CYCLICALLY W/ CODE WORD

ONE STEP OBTAINED

START.

COLLECT K*M

CONSECUTIVE [ 201

SYMBOLS AND

COMBINE

LIKELIHOODS

'

COMPUTE CORRELATIONS _—202
BETWEEN RECEIVED WORD
AND RELEVANT COMBINATIONS
OF THE L CODE WORDS UNDER
THEIR M SYMBOL-WISE SHIFTS

OUTPUT
CODEWORD [~—203

(OR MSG) AND

NO.OF SHIFTS
NEEDED FOR
BEST CORREL.

T
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PCT/ SE98/ 01518 -25- the three nethods. Consequently, this step is omtted
from Tabl 88029/8228%0wn above for sinplicity sake. For sonme ofpdisE9s/o1518
correl ations, .a maxi num and aver age vaI4 is given. The reason for that is
when blind searches are perfor rt LC or the FT, the correlation
process can be term nated befo lds P i bl e conbi nati ons have been 5
searched, when a sufficiently good nétcnh has been obtai ned. Wien performng
blind searches, (e.g., anmong N different codes), on average N 2 codes have
to be tested. However, Weodelc : pf the N codes may have to
be tested. As such, the"™matr N ffeddeip! i catworrs— Z[err]Merr] can be assuned
to be performed instant | P/coged e+ conpl exity is thus not considefed in
the tabl es above. In sustra sd iy | 10 Tabl es 2-5 shown
above, the two exenpl ary tjepdeFca L) bods—descri bed above and perfornmed
in accordance with the p -:-~-->»’:'-\ asiH{tate a faster, |ess conpl ex
cell search process in e-JITDBA atiqn_1 ed, both at initial
synchroni zation and dur i0iepdedne €996 enent reporting situations. Also,
as Tables 2-5 above shofVf1he e pl exity of the cell search
met hods of the present rmventildcode7e 15 ower than those for the AR B
proposed cell search nethod. In particular, the third stage (step 3) of the
nobil e station's cell search procedure inplenented with the two net hods of

the invention, is up to 16 tirljFI teQand | ess. conpl ex than with the
a’ feMed enbodi nent of the nmethod and
i

proposed ARI B net hod. Althoug

apparatus .of the present 20 eption has been illustrated in the
acconpanyi ng Draw ngs and rijed ijn the foregoing Detail ed Description,
it wll be understood that LAVemd| not limted to the enbodi nent
di scl osed, but is capable 4 TN qngenent s, nodifications and

f the invention as set
TUTE SHEET (RULE 26)

substitutions w t hout—dg
forth and defined by t

g
f!

\
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WD 99/ 12295

PCT/ SE98/ 01518 -26- WHAT IS CLAIMED IS: 1. A nmethod for facilitating
cel | sear clyyyoiiieed Cel | ul ar communi cations system conprisi nge+EfsihsRs of :
a base station generating an identifying code set for transmssion, said 5
I denti fying code set conprising a plurality -of code words |nclud|ng a
plurality of synmbols froma set of shoff fcgdes, each code word of said
plurality of code words defined such that no synbol-wi se cyclic shift of

. said each code word produces a valid code mord and said base station

transmtting said generated identifyj 2. The

nmet hod of Caim1l1, wherein said plur 1 '}o e words conprises a

plurality of Qary code words, and sai set of short codes conprises a set

of Q short codes. 3. The method of Claim2, wherein said-plurality of

Q ary code words con‘&)l ses adihural ity of Iength M Qary code words. 15

4. The met hod of &=di repr3i0800Qient i fyi ng code is formed by

concat enating an i nn8f0 % >0 00->1 ?ﬂﬁﬂ%ﬁi dp<h, reprai0d08] wherein

sai d inner code conpff 13%> ‘l -PQ'I QQQ-?‘IQO(HO?QD 14, p=5, preﬂeﬂﬂﬁlod of

daim4, wherein sai §0 'é 1 QG1-2100W=r 1@1DP"5 repra00101 The

met hod of O aim 5, \Aﬁeﬂ‘b1-P|0'lsHin->t1& Pﬂ‘l 1-21Q011-200ddepsomepn- I 14n

orthogonal trellis ch’l@11->10110->01101->110 ->10101->01011, p‘5 repr.. 01011
01111->11110->11101->11011->10111->01111 p=5, repr.. 01111
11111->11111,. p=1, repr.. 11111

FIG. 12
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8. The nethod of Claimb5, wherein said tailbiting trellis code conprises
a superorthogonal trellis code. SUBSTI TUTE SHEET ( RULE 26) WO 99/ 12295
PCT/ SE98/ 01518 -27- 9. A method for a nobile*station to decode an
i denti fyi ngooaniEzesransnitted froma ba$éBstation in a COVA CREI/SEIAOISIS
communi cations system conprising the steps of: receiving a plurality of
consecutive synbols conprising said identifying code; 5 :
det erm ni ng whet her said rece%j | ur lﬁy of consecutive synbols
conprises a v%_lr_ code word; &n *sa eceived plurality of consecutive
synbol s does iCO i se a vyalid code rd, cyclically shifting said
recei ved pl ur 0065 n&"’w&zr?gétﬁmgéhﬂesei&e Wﬁﬁds% pr edet er m ned anmount, and
returning to tusedazeres(tidiM+); Jo keep track of words that are necgssanetodested plurality
of consecuti vedosiFtt2iMs1 Yoexcludeall-zerosequencewhsererps1, alwayst t i ng a nunber of
cycli cal shi s iffasi(h==0)ofpotsitil esrdidbte ifculate geriod a message

idc

associated with g.d val ode word. ) The nethod of Claim9, wherein
sai d nunber of cm

i io it A, ain said valid code word
indicates a fra atdtmftsﬁﬂig E;tﬁ%t' gg} ﬁ&%‘gde word. 15 11.  The
met hod of Claim Wt gl s_a_|§< r abe L . consecutive synbols conpri ses

"a predeterm ned Grniﬁ_ o"g@i’é @ M\P@k@yﬁ{)gé"ggglz The nethod of Caim9,
wherein said predet’

) onpri.ses ,one s . 13. A et hod for
a nobile station td '52}% W‘f&'ﬁﬁj%i 14 e@é@é"‘iﬂd;ﬂg itted
if (x==i) bad=1; end; % is x==i after less than M shifis ? '
é:odeshiﬁs=[codeshiﬁs X]; % collect words in p-cycle
end;
if (bad==0) % we have an M-cycle!
code=[code min{codeshifts)]; % save smallest representative
gsed(codesh1fts)=ones(snze codeshifts)); % and mark the shifts as used
end;

FIG. 14
e FIG. 15A
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froma base station in a CDVA cellular conmuni cations system
conprising the steps of: collecting k tines M consecutive synbols, said M
consecutive synbols conprising said identifying code; calculating a

conbi ned | iweolodipresl val ue for said collegped k times M 25 PESRESHNEIY €
synbol s; for each of L code words and each of Mcyclic shifts of said

col | ected WO 99/ 12295 )

PCT/ SE98/ 01518 -28- consecutive synbols, conmputing a correlation between
said k times M col |l ected consecuti stinsol s£6 all of Mtimes L
consecuti ve synbol s obtai ned; and stor a word and nunber of
cyclical shifts nade that produced a hi ghest anpunt of correlation in the
conputing step. 5

20

14. The met hod of C aim 13, wherein said
nunber of cyclical shWtsﬁ:Bﬁé medi catee a fL timing for said identifying
code. 15. The net mm 13, furframee™ rising the step of
outputting a rressage"'é'é‘?d;ima €ed W Sal d stored code wor A net hod
for encoding an ident] 0 itted froma of 75 hase
station in a CDVA cellular co i si

ni

J ations system conprising the st eps of:
conputing a perPSth@rpse ach of ng r] words of length pb gl be encoded as
said identifyin &) —excl Edi u-a: of s?i d 2[err] 4 Ic S tha’Ej 2?5 a]
period | ess tha each o ¢ycl es of a renminde sai err].
wor ds, determ ning EE%% rent ative word; and 85

Information
gyzc Code Type Slot Tlml!’lg -T-:::;eg | Long Code
oce Indication | gicafion | Indication
. (ST1) (FTI) (LCI)
PSC Orth. Gold | YES NO NO
SSC | Orth. Gold | - NO YES
Information
Sync. Code Type | Slot Timing _!F_ir;?;e Long Code
Code Indication | | gicaton | Indication
(STI) - (FTH (LCI)
PSC | Orth.Gold | YES NO NO
SSC Orth. Gold | - YES YES
PSC: E cps oo cps @
SSC: f+Cgg +Cgg =Cgg +Cgg
N\ J

Y
Modulating Sequence {-1,+1,+1,-1,-1,-1,-1,+1,-1,+1,-1,-1,+1,41,-1,+1} = FT|
SUBSTITUTE SHEET (RULE 26)



storing ea ' epresentative word. 17. The et hod of %%}’]3
wherein eagﬂ)gnglzggsgtored representative word includes a pl u%ﬁ @?SIgode
words and no cyclic shift of any one of said plurality of code words

produces a valid code word. SUBSTI TUTg ;%ET (RULE 26)

FIG. 20
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- FIG. 21

| METHOD
STEP |
ARIB | . PROPOSED1 PROPOSED 2
T | ME->8T MF->8T ME - >5T
2 | CORR->LC! CORR->LCI&FTI | CORR->FTI&LCI
3 | CORR->LC&FT | (CORR->LC) (CORR ->LC)
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