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MOBI LE COMMUNI CATI ON SY! ”mmm t he Technol ogy The pr eseakotioonent i on
rel ates generally to nobil e.copnuni cation technology, and nore _
particularly to a cell initial search nmethod of user equipment (UE) in a
CDVA digital cellular nobile cqmmni cation systemw th training sequence
(pilot). BacMEIHOD ROR GEEA INITIAR SEARCHEEN wib’(ltti Y 'Sgar his
communi cation syste r _ _

made first. Pur);;oseM@EM?@I‘WMICAdEEQNZ$mMeCt a suitable
wor ki ng frequency and to obtain downlink synchronization between the UE
and a baseF.s ti hi s working frequency. Only in this way, the UE can
correctl y—‘ﬁ-@&kjﬁﬂ@ﬁgﬂnt by the base station. Additionally, in a
real digital cellular nmobile communication system the main clock in UE
and a base stHiS Bi¢s¢ns ipwensioat ielajesi getepadiydenmobi enminfuniatibn aechnolipki ng at

sane wor ki EEGY ere must.. be a carrje eviation (or_called
frequency aﬂgiéérg%nce,ar}i tel)qt%ecﬁgl;l%%a\ﬁl)isgﬁrflbﬁfﬂb%{ Rgéwrt%mmm_r(% ina
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recovery (or said calibration, correction), then there wi 'l Be remaini ng
carrier cqnmpqgnent in the baseband signal, this will "affect processing of
background pdnvenfigde code error and nake the UE cannot
correctly receive information sent by a base station. Therefore, for a
digital cell dnardigidi qeélumnmhileMmmisqxbheqystehikE_aﬁus?n 01313 i@fuﬂﬂeldtchﬁk_a
foll ow ng.wor ks during.cell initial search: Ki.n requenc ocki ng,
obt ai ni ngcg‘ﬁaﬁﬂ sty iscHipgnita f 8FPoRFY A thirecebantidh %ﬁarf_glnar&t to s#d2ct cked
wor ki ng f seicbRNOYking freq iRty A8d e bblafi déwlﬁﬂﬂtege}&}f}rl]%ﬁ}é'aﬁs BBew MR B! V.

during a real cell initial search, because the independent main crocks of

a base st & sRagndatim arthistwerkinggfreduencyt iQrdy irs this swayj e WE eqmledlm%cikﬁv: a]t : on
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Additionally, in a real digital cellular mobile communication system, the main
clock in UE and a base station is completely independent. Even if both are working at
same working frequency, thers must be a carrier deviation (or called frequency
difference, frequency deviation) between them. During demodulation, if UE cannot
implement relative accurate carrier deviation recovery (or said calibration, correction),
then there will be remaining carrier component in the baseband signal, this will affect
processing of the baseband signal, further cause code error and make the UE cannot

correctly receive information sent by a base station.

Therefore, for a digital cellular mobile communication system, UE must perform
the following works during cell initial search: working frequency locking, obtaining
downlink synchronization with the base station at the locked working frequency,

correcting carrier frequency deviation.

Naturally, during a real cell initial search, because the independent main clocks
of a base station and UE drift along with time, so carrier frequency deviation also

must be traced at the same time.
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PCT//CNO 1 /00018 1In a real CDVA cellular nobile comrunication system in
general the downlink synchronization is perfornmed by a pilot channel. The
convention inplenentation of a downlink synchronization arercfoirsds

| ocking at a working frequency, then solving the correlation between the
whol e data franme received and a preset pilot sequence (training sequence),
conti nuousl y I8l4 grRhgDMA cabulai mgbile ecrummoigafiar systdnyiingendtalrthe dawhhak unt i |

the correl gt .peak .i s eater than res t hreshol d, then the downlink
synchroni 2 g{“lihg%m?agloﬁéﬁ PS&IRW at’ ¢ Hﬁ%t %ﬁ%ﬁingﬁ? PRy GRERYY mplerBeRiatin aga

frequency dohelisk bR hesHizatoal dr@ B feking 4tQCRbAGh FedddfoPRnsP SR ge
position. In any CDVA cel |l ul ar nobile conmuni cation system 1t | € 'Needed to

perform CoFelalien ibshvenpethet whaler datasiamprisegiverd iand.a Nessetr phol esquenthe

conventi ongl: rr, Lgn hon_has the foll.ow limtation, As the
correl ati gﬁglgglgr astfg‘#%htgé %@ﬁﬁhglﬁglea%lhﬁ i (e &Orlél{}%n?‘gfl‘ée@??'o ol sehilRe | evel
of the whebecldétra uhtinnis cemelatien PREK a8 igddutetolhdAEa }pﬁes_@ﬁﬂﬁesh%ﬂﬂ tfled Y

cal culatign tj. i s needed. Besides, as the correlation operation Is taken
for whol &° allg?f%%‘?m?%“%& @sfeansdr abals | werking fisguencyddbe sworking
especi al | Yyeqi i GO UE R MRA) System In a
TDB CDVA )sﬁ;ggtléglr%& Q@S%épﬂgggo%]l\eég@ %%k%l t Cgl)rég I se%%gﬁgl%é)oéﬁ & in
conversation. As the distance between UE A and B is short, so the UE A
recei ves a ndnangdieMAilceBilgnalobjewemnsemidatiby sikfem, ithiameededsiogperforapwer
sent by tQSmQ se station eads a 'stgéen eci si on, about the

Thi s, |
correl ati 6N peak: ?)%esr?tf‘?“oﬁortsrﬁ’laghrpglzﬁtb‘{n' CHBSPSS BCeiapy ARfipak rerdaftiat t he
UE, and ppadtisitiasiths faleaingd aMiatiok SYiMmeRbRBILES baRatidif igrsnata{ %&H e"hﬁ’ ul at or

general, carrier frequency deviation is corrected at a digita
(for genéF ayendractianalehip keveleafithe whaleglateeframhe csarthé eperdséoi edlume isshiige not

af fect do ' roni zation t.wll affect the denpdul ated

i nf or mat i % é n’ﬁﬁ C?r?gfa@&@ ngllﬁealg élf’eqeggggs(ﬁx\ééi ?SCIEF £OrTGlAiHoRegatipR 1§ faken for

t echnol ogwholesdatis Gdmie]) itCipbM@SYs| frObablility asiVetiratesiod! esgebiafySH i’ﬁ'ﬁ]ear e it
is diffi CBI.t. to take account of performance and capture bandw dt at the
same ti mePrdfign ifuplex SPAAI(TRD-CHIRAY system; in 2 FIDRADPMA systanpippase or

har dwar e ngdr(elial theldist ISR i iR gRat; 1 -4 nanmed "a d and
devi ce for éar_ri er rlescove}% l{aﬁr;llg lggl?rgérrll‘gg%%%éﬁ g%%?f &rsea%eeﬁ%tyegmg
comuni catidB isshoreny theaUBiAyrdcaives & atorepbdwerfulnsigrabgot ersesey UBB kiggquency

devi ati on_has _been pro seg%Nevert.hel S, he nmet hod nmakes an opti nmal
estimati oft " gpo‘gelgﬁ%[ﬁﬂ’é'l Rese S\tﬁt‘f’ﬁoﬁ.ﬁ‘sn]@?i&ea dmigtaken decision about the
correlation peak position that is not the real receiving position of the UE, and

produces mistaken downlink synchronization information.

In general, carrier frequency deviation is corrected at a digital demodulator (for
general situation, a certain degree of carrier deviation will not affect downlink
synchronization, but will affect the demodulated information). An analogy phase-
locked circuit, which is mature in technology, is used in convention. Disadvantages of
this solution are: it is difficult to take account of perfbrmance and capture bandwidth

at the same time, and it is sensitive to carrier jitter and it is complex for hardware

circuit.

In the China Patent CN 97115151.2 named "a method and device for carrier
recovery and compensation in a frequency spread communication system", a digital
correction method for carrier frequency deviation has been proposed. Nevertheless,
the method makes an optimal estimation under a channel model without noise and

multipath interference, and is not suitable for a cellular mobile communication system.



nmul.t'i path interference, and is not suitable for a cellular nobile

conmmuni cation system 2 PCT/CNO 1 /00018 Summary of the Invention Purpose
of the invention is to provide a cell initial search methogciieNoi/goGDVA
digital nobile comruni cation system The nethod inproves the conventional
cell initial search nethod, i.e. proposes a solution for downlink
synchroni zati on and carrier deviation correction during cell initial
search. VBummiairy abthe Imvensionan rapidly and accurately perform downlink
synchroni zation with base station and has a better effect for carrier

devi ati on coPug®st 6N thoARvERTRINSHRE padidsa @E1l ih1Rall SYERhARo§ .?%D@\@éfo' | ow.

A cell initjal search nmethod for a digital nobile comunication temw th
CDMA i s udigtialf mebig, CORENNEGUPP rB¥siEMe goethgd impmives tlge icofiventieadl aeilsent by

a base sfalq QR hod | racteri zed that user equi pnent selects a
wor ki ng fr equen%?g%gﬁ‘éa’oggap f]og 8%%\/\% Isloﬁ%mgyﬂ)é h(roé“fﬂl’?gt ?%ﬁﬂwnﬂ?tlf)ﬁeansase
stati on atarti¢gredewatiimgorrectigneduring celbnmitialb s&¥@ch. aWithaged sORtidn AT an
characterj st :l)g:in)%ndow val ue. met hod of training sequence, a range of

n

downl i nk P4 ACHERIE N PETIPTRWSIBlink syrebronizagionwith basg stitipntand hasage by

cal cul at iHb@eﬁ@ffféc‘?k@ftéa%r‘afevi'éﬁ@?'b%r?&tigﬁ‘.t a and training sequence, an
accurate receiving position of the user equipnment is obtained. The said:

"based on a power characteristic wi ndow value nmethod of training sequence”
conpri ses: aAnjimplenteasasioptodthcoinvéntameas be as failos;: i ncreasing transmitting

power of syRc i.zation,s ol.s.in t.he downlink pilot sequence timnesl| ot
( DWPTS) , andR ér:% ?Aﬁéﬁnsoeafcpa%g%)fitﬁoﬁd ‘iigvi%lrmB le, comBRNEALieY FysER Wibkat ed

bef ore anCDIA &y udelicfor S NEdHeQiphRink earré&rm%eﬁvihg ihfEm PG Sont By 2 SQ
receiving, user equipnment first searches power Characteristic”w ndow

val ues ofSt4"R8- Bhprsthodsis eharacteraedtthairisemenyépment tselects predrkony frauensy, Synbol s
has been i . i 0 eration is, onl de_near the
bosi 1 on BRI SnaRLRSAA NN RRChAL BRon Fr AGerB e vetesor ¢ he

DWPTS t o codipsismger a position range of the synchronization synbol s",

includes: UE is |ocking at a working frequency first, then receives a data
frame: cal cut HBaged on a power characteristic window value method of training sequence, a

range of downlink training sequence timeslot is decided first;

b. in the range by calculating correlation of received data and training sequence,

an accurate receiving position of the user equipment is obtained.

The said: "based on a power characteristic window value method of training
sequence" comprises: |

a.in a base station frame structure, increasing transmitting power of
synchronization symbols in the downlink pilot sequence timeslot (DWPTS), and
making no transmitting power on protected symbols located before and after the
synchronization symbols in the DWPTS;

b. when receiving, user equipment first searches power characteristic window
values of the DWPTS, after a position range of the synchronization symbols has been

discovered, the correlation operation is only made near the position.

The said: "searching power characteristic window values of the DwWPTS to
discover a position range of the synchronization symbols", includes:

UE is locking at a working frequency first, then receives a data frame; calculate
each synchronization symbol power in the DWPTS:; calculate power characteristic

window values at each synchronization symbol position; calculate average power



each synchroni zati on synbol power in the DWMTS; cal cul ate power
characteristic w ndow val ues at each synchronization synbol position;

cal cul ate average power 3 PCT/CNO 1 /000 18 characteri st PCr/aMonomyg val ue
for the whole data franme; search m ninum one of power characteristic

wi ndow val ues at all synchronization synbols position of the whole data
frame receharaderigiscyigdowhalusetor theewhelt idatadtanss; seargle npiniverm ohabfpéweri St i c

w ndow v g N igw’q r aracteristic wi.ndow value_is greater than
a thresho %&Q(:\/ta ulecmvln’fj 't @g&ef‘%éﬂ Sﬁ%cg‘ir?l}l ‘OBfSWPP@?Wﬂ?‘H‘BRnoﬁé%WhOIe

char act er dsthifranwi reckived; aletide ivehetee thdiaab BRARGaRASIWdr Mabtehii PHETS: sol ve
correl ati o%Bnear the beginning position to obtain an accurate receiving

begi nni ng VHYF 1 ABIBEE ReTEr ddRCtesistie indavo valugt is aveatdththas i threshokdl cul at e

each synchgaiigatil ros 4 uppose .t he . receiving
monment is a Qﬁ?ﬁ!ﬁgﬂ?@g{%@%ﬂ 25%%5? ml)@brl}lﬁ%l&ﬁ'{g}a})%i&rt\%f&@%lﬂd%‘ﬁd' aB‘SV\%F of all
chi ps bel begiimigg tpositine cfythbddwPTS;oltles bortdlgtiqponedr thé begieRingypieiidaniozat i on
synbol . The said: "cal cul.ate power characterjstic w ndow value at each
synchr oni Qgt?inoaﬁ' acguralsJreayas PegRnIng Point and enl ths downlink synshepnization. r ecei ved

w th symbol |evel sliding, calculate each position power characteristic

(1h synbol level I al cul at ) acter i
LN 1| I R o ool el oy &Rl Aot M ci n

r epr esent EC@iViganomenias ¢ synrhpaszatioosympgldegimnimasent, thepade powatsus alif  each
synbol , I racter,i stic.w, ndow aneters. The said; "calculate
power chzl}f a@% e%%lﬁ%&’\r}mﬁ% Q4P ﬁb&éﬂ\,\gh&gfmeg&rﬁ@ﬁlﬁ mcg%ﬁmmonwﬁwr posi tion"

is that based on each chip power with chip level sliding, calculate power

char act eri st The whidd teslotRate oiier eﬁﬁhcta%ict\i/iﬂﬂow%ﬂ.lel”'ﬁreaiclﬁrﬁ#q?c’i{?d}ﬁ%ﬁiioﬂ” of the
invention cgn be as follow A cell initial search nmethod for a digital

nobi |l e co L pgtifign’ isyaatern thierwholodnn frama seelvedwith ayseo! dayel gittng,
t i i nf ' . tafion. The nethod i
Char act ) SASARL Kech pINRTBON G eIRleRHe RARRSS valbh M) X soThpedion Bilbven t he

user equithedoltovdng farhmldbase station, and corrects the carrier deviation in
a digital denodul ator, COE’BH&Lng: Nl

Ri=( ZP(k)+ D P(k))/ > P(k)

k=i+N+M k=i+N
wherein i represents a real receiving position, P(k) represents power value of

each symbol, N and M are characteristic window parameters.

The said: "calculate power characteristic window value at each synchrbnization

symbol position" is that based on each chip power with chip level sliding, calculate

power characteristic window value at each position.

Another implementation of the invention can be as follow:

A cell initial search method for a digital mobile communication system with
CDMA is used for a user equipment correctly receives information sent by a base
station. The method is characterized that the user equipment traces carrier deviation
between the user equipment and the base station, and corrects the carrier deviatioﬁ in
a digital demodulator, comprising:

a. the carrier deviation is estimated by software, and hardware is adjusted by a

decision and feedback method;



a. .the carrier deviation is estimted by software, and hardware is adjusted
by a decision and feedback nethod; 4 PCT/CNO I /00018 b. the multipath
and multiple access interference i s suppressed based on j opamwcnNdebeeet i on

met hod for carrier deviation correction, and the carrier deviation is
corrected to a range required by baseband denodul ation. The said step a

i ncl udes: esth thet mnljipeth rnd muléple accos interferenbe datuppiesaad biged GOfdinar e,

cal cul ati just val ue for hardwar.e, adjusting automatic frequency
cont r ol hggﬁ‘%gdrn em?tﬁ‘g?toé C&Fb‘?rtdﬁwaﬁ‘é‘h‘b‘ﬂ'ﬁﬂ"&?’é’r“\%it"t‘%"%"ﬁ%‘ dex1adignag erestidust ment
val ue. The 4 ehkewqoied By BieBanddeafilididnest i mate frequency difference of
each data frane by software: Ae-Jka 1 jQi L I [I(i) +3JQ1)] 4: [I(i + K
+ '+ K)] vvher%i n a represents an estimated frequency difference, I and Q
are orthogond® ihs$nl adndudes; gyiamajingaenirier deviatiant af iesthi dathefrghé .byThe

foll ow ng | &1d : rdwar e .adjustment .vaglue, i.e. for
cal cul at i %%m%%%uﬁlén%ﬁ#&\sgqjhgm%ﬁ gmégtrf(?ri Qa?d ?@qﬁ%’h‘&@‘%?‘f?@?ﬂﬁ?@ﬂ“?‘&é’n) =
fe(n) * cemtrof hyrdwawhierthe digftel demddslatdreieisthi valcaBtddrAgi4ane vdivkl er ence for
the nth data frame received, the range of adjustment coefficient coefk is
bet ween O - # ﬂ\gﬁ V\/nenfk izas.gr%at er, sel e%rt a smaller coefk. The said:
"mul tipath and® AoV necformulas i vsed ey sstipiaie frequangy siffersace phsach data j oi nt
det ect i onfrivat Bpdoftwirecarri er deviation correction, and the carrier
deviation is <corrected to a range required by baseband denodul ati on”

i ncl udes: ailng - /s .. danphl e. of burst is i ted int h
trame; the udl oquudiont S AUbpRUERI e rBIR. ana mul 11 ple access

interference with joint detection technology, and synbols near the

trai ni ng sequhoen o dprebdes bs eslanmedi iRl @y Wi fidte SR Thid O hrcQBHHBSNal
difference information included in these synbols, automatic fredquency
control h‘gf‘r”dwéﬂaé‘ofl@@ﬂlsu%‘tde@.ls aetissigilength. suppress nmul tipath and nultiple
access interference with joint detection technology, and synbols near the

training seqyRd¢aIdWidEMHRulLSs used to calculate hardware adjustment value, i.e. for

calculating adjustment value of i carrier frequency difference:
fa(n) = fe(n)* coefi(n),

wherein fe(n) is the estimated frequency difference for the n” data frame

received, the range of adjustment coefficient coef; is between 0 ~ 1, and when £ is

greater, select a smaller coef;.

The said: "multipath and multiple access interference is suppressed based on
joint detection method for carrier deviation correction, and the carrier deviation is
corrected to a range required by baseband demodulation” includes: a training
sequence midamble of data burst is inserted into each frame; the user equipment
suppresses multipath and multiple access interference with joint detection technology,
and symbols near the training sequence midamble is demodulated; with carrier
frequency difference information included in these symbols, automatic frequency

control hardware is adjusted.

The said: "suppress multipath and multiple access interference with joint
detection technology, and symbols near the training sequence midamble is
demodulated" further includes: demodulate data with the joint detection technology

and obtain P characters before and after the training sequence midamble, and recorded



" i : ith the joint detection
denodul at ed" further includes: denodul ate data wt t o«
t'echnol ogy and obtain P characters before and after the training sequence

m danbl e, and recorded 5 PCT/CNO 1/000 18 as X(1) ... X(P) p@ﬂ&o}%o],)s e
Y(P), respectively; calculate Xi(n) = X (n) / X (n) , Yi(n) =Y(n) / Yj(n)
V\,hérein .k (n) =Y(n) =irl4, 3ir/4; obtain carrier frequency P

i agiti(ect i o Myarkdod (] a: YZPJ;5 despbctindly; cafedlble XiG§L 202 t ment
g![ fe];)e{gﬂgfg n=1 basedyaon the calculated carrier frequency dln%)?e{ ce
di recti on; Y48} ad(nHJi@ratvherein rGauendsiing ontni] +Bamid\vataen Whirter Hhgu er nent

step length and t he obtai ned frequer},cy difference direction. Anoth

i ; | ] A cell initial

| ement agifRrene ; akso be-as . follow .
ol erent adiferenol dRaidKe by SOS AR DoBS, Lol LM A Cok s
conprises: an user equi pment selects a working frequency point and obFalns
downl i nk sYAsehrasnitheacrishlatsidt parsieb feguenct didferatcet digectOhKiabfis{ QMSREY; the

i r {ier deviation between the user equipnment and the
gzgre st(:a g'tj : @%@%%ﬁ g§§lr g%[d;watr%ew lért?'Fe? JHewmeRt SR jmsth dndi ﬁtﬂ obimsdul at or .
Wher ei n t higegancy. diffetenad dsedtionwn! i nk synchroni zati on with a base station,

conprises: a. based on a power characteristic w ndow val ue nethod of

ini range of downlink training sequence timeslot is
Ejreg: gleggfisfg'ltj,g‘p’%&"q ﬁ“ﬁlﬁée'%a%@bowe gweaidmelsocandrasdblowon of received data

i ni te receiving .position.olthe user equi pnment
S obt ai ned. The omil seARRARENOR Er bRBl B omenisetioR Suemeviter

equi prent GAMA pemprises: ars tuseriegnipnienaseegs hﬁormgmgheﬁcgr dp&inpé}{li%ﬂtgiﬁ? a. b
the carriey deviatign is estinated by software, and hardware is adj usted by
o deci si g{? aﬁ}c[}j( FSYBetgnization wa : A Pasg §ERUAT | atj thatwerking frgquqnpy;et}mcms_s
i ioi i,.0l i rrier
i nt er f er erqeiphfens HagYsQHd RIEEEN %t\b&'cr}r}he ug&teft]]ﬁ}p'rr?er}lé %gggegags%{sé:ﬁgmr ange
devi ation correction, and th_e__ca_rrl er deviatl on 1's ¢
required BjdpeEetbuhe Cémdgvlamqrﬁlm.a dﬁfg&a;l?i:?rrgi'dtrx]l‘atob.ased on a power
characteri stiwpuiH0qHL V@6, atinsogogvnlink synchrgnization with a base station,"
comprises:
a. based on a power characteristic window value method of training sequence, a
range of downlink training sequence timeslot is decided first;
b. in the range by calculating correlation of received data and training sequence,
an accurate receiving position of the user equipment is obtained.
The said: "correct the carrier deviation between the user equipment and the base
station in a digital demodulator," comprises:
a. the carrier deviation is estimated by software, and hardware is adjusted by a
decision and feedback method;
b. the multipath and multiple access interference is suppressed based on joint
detection method for carrier deviation correction, and the carrier deviation is corrected

to a range required by baseband demodulation.

The said: " based on a power characteristic window value method of training
sequence," comprises:

a.in the base station frame structure, increasing transmitting power of
synchronization symbols in the downlink pilot timeslot (DWPTS), and making no

transmitting power on protected symbols located before and after the synchronization
symbols in the DWPTS;



sequence," conprises: a. in the base station frame structure, increasing
transmtting power of synchronization synbols in the downlink pil ot
timeslot (DWPTS), and nmaking no transmtting power on protregtedosypbol s
| ocat ed before and after the synchronization synbols in the DWPTS; 6
PCT/ CNO 1/ 000 18 b. when receiving, user equipnent first searches power
char act eri st i Wihendseeivingl wesr efuiprnent ST Scaratict Powee Shhtaeferit@Ndgnddfw t he
synchroni i ls-has _been. discovered, the correlation operation is
nmade onl yz’?{yg? ratf Ege/en%gvslﬁsi 8%.“ REAUPTHIARSE 05 thg $ynghrogizatippsymbpls deabetn met hod
for a CDMAlistobérkd, tROEOTEHIALEAM dpRfatioR S ERMR 0D led i nk synchroni zation
nmet hod for a CDVA nobile congr?uni cation cs)ygt gﬁhéﬂgsq%'hod i npl enment s
| ocking a working frequency point during a cell initial search, obtaining
downl i nk synchioRYRIondha well Fnitipleseprgl anathask foon CRMA mebidy esthmgnicatin er
frequency sgitéfer gracegg bgt 1 he tation and user equipnment. The
net hod of ?dock’i ng a \%\orgk}ﬁﬁg’ﬂ*lbgqﬁgﬁc@gonzzﬁlﬂ? A O%btéfn?n&m%nlmﬁwe
synchr oni gemimmioatiom sydtenb@he nsetiedd mplerdentt 1dcking Q%rﬁliinﬁgﬁég]u@ ih@nge of
the traini nlg segyence by&g‘sigg_ a power characteristic W ndow val ue nmet hod
based on PR SG R eaEh, obRining dewnlink soehisnization with the hateastiticarre
recei ved amdl rttQRetingi G $% €g; t,alh_ t he agcurate. recejving
position and to con%l ete a dgﬁ?nﬂlfggeﬁggr%ﬁpg% i%?)en A tsﬁf‘%’toﬂea’lfgéléerstati on.
The met ho8WPmeric Shemetpdadilodking & medking figqutinty pomitasd bBlaMaR dowiigKbas e
station a [ ui nt .is a carrier frequency difference correction
net hod ba%&”@%lﬁaggﬂfﬁg’a}%aﬁ?%fﬁta‘(“é‘bﬁngilr%g%‘“q‘%?éﬁbﬁt range oé vl Whinmgeps of
the two seubedsbyphemg 4 powanyhLa8erddtict WEIwWdile LG tqa cell.initial
search of the invent ?Qngand user eequlicpmsntWcodrlr‘%ﬁ et esc’%gggv\gﬁflioﬁk faining
synchr oni $4UFRS: thapiselvingenirelationunfan &ty frafieeereitddomdahe tamihdwauéicen i s a
cell initjalys mai nl v.pointed to nobile comunication system
with trai I’?I ngégggigcﬁggaw%r Flevfn%as/sétﬁ)(inp?qdotﬁ cgmpl¢ie 2 doumlink synahrenizations” a
di agr am owitbéhd bisnistatiah. Feamehod Hifgedvisn i ReqUchUir bifefefl RO AT, equl T ed
met’hod.

when usi ng t he power characteristic w ndow val ue
¢ base ‘station and user equipment is a carrier frequency difference correction
method based on joint detection technology. Implementing several steps of the two
methods above (or any one of them) will implement a cell initial search of the

invention and user equipment completes downlink synchronization rapidly and

accurately.

The method of the invention is a cell initial search method mainly pointed to

mobile communication system with training sequence.

Brief Description of the Drawings

Fig.1 is a diagram of cell initial search.

Fig.2 is a frame structure diagram required when using the power characteristic

window value method.

Firure3 is a flowchart implementing the power characteristic window value
method.

Fig.4 is a flowchart for correcting an initial larger frequency difference range to a

smaller frequency difference range in the correction of carrier frequency difference.



Firure3 is a flowchart inplenmenting the power characteristic w ndow val ue
rmethod. Fig.4 is a flowhart for correcti ng an initial larger frequency
difference range to a smaller frequency difference range iwtidn@i/6@fsr ection
of carrier frequency difference. 7 PCT/CNO | /00018 Fig.5 is a flowhart
for correcting frequency difference to a range required by baseband
denodul ati on Fig-% itea dlerwabetti fon cofrecting rfraquerisyediffersive tb bfrah@NEQuiipgdi ment s

he | i Th sent .invention now wi || be described nore fdlly
ﬁfer tei ﬁaf ? \e/@g%é Oﬁ de?‘ﬁ’f’ﬁfﬂﬁﬂ%“ ths comectionof saaiey fiagueaendiffegence n whi ch

preferred enbodi nents of the invention are showg. -rl;hi isdi nvtenLi on ma%l,rued
PE nfvé®idh i hhf:acent forns and shou no e const
ggwle;/(raﬁrie E 0 € gﬂtdoﬂff'ﬁ@ln%ﬁﬁﬁ rth herein; rather, these Ierrbodl magts
rovi ded t i i SC u il 1y be. . thoroug nd_ co ete, an
3“_r|e| Iof u?/l y coﬁl{ee:eyﬂ}t@gﬁ?(ralt ggg%rgiogf l@ﬁe{vm\\llﬂ&td F%:D)crrll bf% IPBE?S ”lgkﬂﬂefeé'aarﬁ)eﬁ YVHE art.
Li ke nunbeegrenstdp the dcickmpmh)e’mgardtmihgs’,dug\_hﬁuh-prEfe&gé DA @&t§lclﬁfl %F:PS of
I initial. search procedure fromstarting to ending in a cell
?m(l;iel e Icglrh%erﬁ“(?atair%ﬁh%‘g%t ﬁﬁ‘s By eRtoR; Y, DOWEYEN, bievamhodied- inSyanshdidferens d hCode
Di vi si on Muhhd RhE KT8 TDL (bIQ'oﬁgg%‘)assﬂﬁﬁw@ﬁlga&ng&ﬁﬁ%tg'setS ?‘c?er@-[}] 2par Cnes

a rough position range of DwWPTS by using the power characte Erew;ndow
val ue  nmet'AbEr dhese lrentiodiraents ere, prmmiedsbithatsthishdisolosuké ngll fbe aRORAEY aR@I Nt .

Step2 sear urate.receivin osition.by ysing conventional solving
cor rpel ati 6:%91?2? %& i%ﬁtﬁgy CBB%‘?IYt'ihgﬁ?‘?p:fn%fjégﬁé‘? SREen Ky thesepkalledindthsiarai ns
accurate rLéb@ﬁmhmgsmsﬂtbilm@.eleﬁt,&ps’:}hﬁ;@hguﬂo recover carrier frequency

di fference based on the joint detection nmethod of carrier frequency

. , , . . . . . he
difference correction used in the invention. In step4, informati on int
broadcast chaflRe|ShoBedayicsiaps 9é apshinigplksearchi pyocedsreofismastdrtingre sitdihgt ur e

ired j . . char risti,c L.ndow. val ue method_.for
ol ennt i e et ot MEcRIMERICEAN BELRT b e FrTaRHivRon  siataized ng
sequences (ade Diefiomeduitipla AccasETBISTOMM)Es yofem 52 CRMMpTY Ft&dT s H;_Pﬁso |

i ndependent TS.5 and a mdanble in burst data TDO ...... "1Dn
Tun. P The at%mg\dﬁopﬁ?’HP%da%qgéP@’é)g Sh%X/BSIHBfth%P@WFr Fharectéristicdwindny waloe! | .
initial sestedd ofltR inVéfiicn, Qne%ﬁﬂbseﬁxeaﬁofﬂ?ﬁf@r%agﬁgy poidlE §le%tz dA%hddi ng
GP (guard) synbols, M : : . : :
accurate receiving position by using conventional solving correlation method in the
position range defined by stepl, and obtains accurate receiving position. Step3 start to
recover carrier frequency difference based on the joint detection method of carrier

frequency difference correction used in the invention. In step4, information in the

broadcast channel (BCCH) can be monitored.

Fig.2 shows a frame structure required when using the power characteristic
window value method for implementing downlink synchronization. In the invention,
two training sequences are defined in a frame structure of TD-SCDMA system: an

...... TDn, TUO ...... Tun.

The two training sequences have different function during a cell initial search. The

independent DWPTS 5 and a midamble in burst data TDO

DwPTS 5 occupies an independent timeslot including N GP (guard) symbols, M
SYNC (synchronization) symbols and again N GP symbols. Before and after the
midamble, there are P data symbols, respectively, and the two data symbols and the
midamble together occupy a timeslot. The SYNC symbol is a code selected from a set

of orthogonal codes. The code can be obtained by solving correlation, but the



SYNC (synchroni zation) synbols and again N GP synbols. Before and after the
m danbl e, there are P data synbols, respectively, and the two data synbol s
and the midanble together occupy a tineslot. The SYNC synb@hcNoSo@ scode
selected froma set of orthogonal codes. The code can be obtai ned by
solving correlation, but the 8 PCT/CNO 1/000 18 operation nust be nade

over whol epatatian mnsirie madt dveewhole data frihbegOR!seCORthogsRallddBes QQﬁ‘feati on
volume is very large. .In the downlink synchronization method of the

i nventi on?pelr%t{mo‘éfg\%“gfsa‘fq% '8%ise transnitting power of SYNC synbols but
make no transmitting power at GP synbols. |In this way when receiving, user

equi pnent cafin thd 8dwlak h1d8i ZAAYE ety L Stok: i hdow . val ue.of the
DWPTS, and di scovers a rtg)}ﬁhéh p:)si tion rangfe:lthgflh?ﬁ%@(&%\)\l%tiggssey%tbqnsfalstehen

sol ves cofnsmattingposisr 9f HEHIC symbopolitimake noarmemitfihgpewer &,GR bansinwnl i nk
synchr oni [ ' wll .be greatl.y shrunk. and propability of decision
error wl a%g%%%%résrgc i = 270 e S e’BrCGEQ-HFJtrséa‘%rtE%BSYVéhFli‘?gaQ*@lﬁglh
posi ti on wiaige iluDSPTE: DUAKIS) tnd WsGeols SYHERALARRLAIhE syle

ow nmet hod and ends

procedure starts searching with the characteristic wn
with di scOU&is,ghenselves gemelptian enlymearthg position PngT Therefoid, Heuownliaki ng t he

rough posivhiBniz¥Se ; f ,Qgij!s JD- (:I)%Al. stem. set nunmber of guard
symbol s Ny}:l 2, mr%gﬂ%g}lglgf Cgrg%llt:l%%ﬁn]mag TR llf?%gtﬁecd%lf)% efrPér‘?%ﬁtbFne
| engt h i sdeSregsedl n st ep6, first user equipnent is |ocked at a working

frequency point, which should be a possible frequency point of a nobile
conmmuni cat i OE@sﬁe%and then the  user equipnent receives a conplete data
frame (e.g. shoyvgpiocedyre fpp searching souehy ositioicrangg e JPwBdSeTalbngi . e.
first suprpsepMal svbem @sehy ! Qe | S ing point ..of a synmbol,
t hen add power of a?’l r(?hi ps bel on t’o%hﬁ%%%& Et?%tgoet%gﬁlp h‘%‘tléythﬁol

power . AlGhAWBAEAsti¢ windeat metwdrand einds mgthndisoeeerigthieabuge pbitidn ge sFarti ng

poi nt of b ur ppse og§1 usi.n ower characteristic w ndow val ue
ot hod 1 OB TR Sy o ipifas Buh iR Gacer BRGNS st ToEPRAT e,
there is spste®Q sttt fof Gluatdosyintdls MesYl humbs 61}"@%{\1@ %%&91\3@%3 (). R
is the power characteristic wi ndow value for each position, i represents
the real SPELEWR{ARRCSBRS kength is PPR) represents each synbol
In step6, first user equipment is locked at é working frequency point, which

should be a possible frequency point of a mobile communication system, and then the

user equipment receives a complete data frame (e.g. 5ms + A ms). In step7, calculate

each symbol power P, i.e. first suppose that the receiving moment is the starting point

of a symbol, then add power of all chips belong to the symbol to obtain the symbol

power. Although, in real the receiving moment cannot be Just the starting point of a

symbol, but purpose of using power characteristic window value method is to obtain a

rough position range of SYNC symbol. Therefore, there is no so much affect to the

result.

In the following formula (1), R; is the power characteristic window value for
each position, i represents the real receiving position, P(k) represents each symbol

power, M and N are parameters of the characteristic window shape.

+N-1 i+2N+M-1 I+N+M-1
Ri=( D Pk)y+ D P(k)/ D PK) e (1)
k=i k=i+N+M k=i+N



ower, Mand N are paranmeters of the characteristic w ndow shape. i+N-1
?+2N+MI i +N+M 1 Rip: (I P(k) +1 P(k)) /I Z P(k) ...... (1) k=i k=i +N+M

K=i +N 9 PCT/ CNO t/ 00018 In step8, calculate power charact &drgibfoyysndow
value (ratio) on each symbol position. For a receiveing data frame sliding
in synmbol |evel and on each position taking the TD-SCDVA frame structure N

=2, M= 4, cH stpyt alponeposlealchtiableistid &inddw' QM V@It WM Lt N dQr mul a
((Pr . + Pr+§) + i()%HGQ? {er+7 r)) /(el?.. +.|13n+ P i+2@lﬂ |+é |+§fn.!1_49§)
Pract i cal IRPSHOD- figed rReRiveink daiaaetme ylitiop lpcsxtvmb,olelnytel amdgﬁixmffﬂn Eﬁgﬁ'pré go:er.
Sli di i ' € i counat e, resu | a
I alr glepgolp(ral?lg'?g g?]é ?I\?ﬁ%ﬁeﬁ'ﬂk ?%}r{saet%bugg'{rgégl cul te4’§9EPlféjéeP‘b‘8§€e9ha&?mg? eristic
wi ndow valwiadéwatiue)witntha fémaie (P, Rayey+ (pi thpt hg/frormupa:, R B%vie,{ = R(i),

. d+] { i 3 A .
Wherein R(i) is a power characteristic w ndow Val ue“dn ‘édch ‘tecei¥ing

position, Q Pepiedlgnitsnendrher talit daek aiysiboD pp@et, t bidtakdrleadh EhBowd Step
10, searct‘sthe m ni mim one of .power characteristic window value ina
recei vi ng UB llnrcgﬁ’e.evﬁrﬁaf?,‘)%ﬁ?ﬁﬁ‘ofe APGHEHE FISPIL it ehareesl akaegeRapemtion Rri n,
i.e. avena@ggnfower characteristic w ndow value/ m ni mum power
characteristic window value, to see whether Raver / Rmin is much nore
greater than a threshold value. If Raver / Rmn is not gr.eajter.than t he
threshol d, t heriteprh cERPIRE dvamaseowWseehrriceristic wWifidovRawlae l(rfanmf)ma fram@r eat er
than the t ni{.he position of the minimum value o power

char act eri@??’gu&\ﬁhﬂ %\I;é}l%sulat'he DWPTS starting position. Then, solve _
correlation near the obtained starting position of the DaMPTS to obtain an
accurat e recelgvang @+ting point and perform downl i nk synchroni zation. In
the invention, corriecting carrier deviation is inplenented by two big

steps, whic : j i nd. i espectively. In Fig.4, the first
bi gpst ep, a Pvrv gg‘ﬁ%ﬁ@%ﬁ Q?\gérrg:r%réhcfeg gtécs’fv?rf‘igf’vegﬁﬁ?og 8?‘%‘\/\5&%‘”{5‘%’0&”@80 si on
and f eedb&iepresethiamimaberfadireceiving position for a frame.

In step 10, search the minimum one of power characteristic window value in a
receiving data frame: Rmin, Rmin = min(R(i)); and calculate Raver / Rmin, ie.
average power characteristic window value/ minimum power characteristic window
value, to see whether Raver / Rmin is much more greater than a threshold value. If
Raver / Rmin is not greater than the threshold, then the DWPTS has not been found. If
Raver / Rmin is greater than the threshold, then the position of the minimum value of
power characteristic window is the DwPTS starting position. Then, solve correlation

near the obtained starting position of the DwPTS to obtain an accurate receiving

starting point and perform downlink synchronization.

In the invention, correcting carrier deviation is implemented by two big steps,
which are shown in Fig. 4 and 5, respectively. In Fig.4, the first big step, a frequency
difference is estimated by software and a decision and feedback mechanism for
hardware adjustment is introduced. In -the first big step, frequency difference is
recovered from an initial larger value to a smaller range; for example, when using a
crystal oscillator with accuracy 3ppm and working frequency range about 2G, the
initial value can be considered as about 6 kHz. In Fig.5, the second big step, by
mainly using joint detection technology to suppress multipath and multiple access

interference, the smaller frequency difference (for example, about 1kHz) will be

10



har.dwar e adj ustnment is introduced. In the first big step, frequency
difference is recovered froman initial larger value to a smaller range;
f'or exanple, when using a crystal oscillator wth accuracyciZapimdand

wor ki ng frequency range about 2G the initial value can be considered as
about 6 kHz. In Fig.5, the second big step, by mainly using joint

det ect i onceretrioloog yarige qpipeds basdband demodildtionl it oRle 8BS a more

i nterference tFre smal | er frequency. difference (for exanple, about | kHz)
will be IGUBESITeasney dutrranse ipfgrpatiandar geidimgrhardyeare adjustmsdt. by baseband
denodul ation in order to obtain a nore accurate frequency difference

i nformation 4Q4liagi I LS i i nint errupted
procedure st ];F(rp%i ng f r%ﬂtggg%égrp?%%gggr%tﬁﬁgfdee:dagg(%gﬁﬁngiQ? l%’eef 3??836 At i |

hi gher f r éd{seaney uatthighey fropueary eccusscyustitaigedrbyl awinigamidBhibie) Puiridip Sthis

procedure r diff.erence i s estjmted by software, the automatic
frequency? ro‘é%ﬁ;tr%,otﬁg F@&%ﬁc?’éi Jrﬁ%a'écef'ﬁ)FStWéﬁE‘%\b}‘ éOfg‘Var& the apomstic dreguensydback
mechani smoritiob (APCYde@hdde foRMHag Ge Tbyesl aesisibn dird' %E@Jh%ﬁ_rﬁ?é?ﬁhi@&. et 1 al

| arger value o a smal|er ran‘%ﬁfig Estimating frequency difference by

sof t war e PLOCeusHCTest fregcacdiffseensafipmran ipitiot kseer velue omh ymaliérnangehe
sof tware conpensati on w thout adjustnent for hardware, each tine the

timati - di L der, wir el hannel th
Cof twar e ost EaumanE BRHLElS:, Al e bl Bl P 80 PR e ARBE ot e o e

only wi t hprogeskt ifeandy esimgeths abftenare ¢dmpentdtRut withonaldjGaachteRP UawR t he
ot her hand, le t hﬁiég‘?ﬁtf under wi rel ess channel the so%tware estimation i s not

very accufate,™b ERUGE Ut Re 4P dAAtditions epdsicwireliesseehannel the
reliable, scﬂﬁ@@@hs'ﬂnlléﬁdnr}nétﬂo@Yseﬁ&%tiﬂfati(g]r‘ekvEthgéltztﬁ%&%{azrgsl"hergﬁ?g eh s}{ xel%tht he

software estimation can be used to gul dwar & "adju to

satisfy ty9dtwasgoompensatiomfthe leéfedtiis st lgbod sheyzh. Uheths prldrfliadd shlesighr € as

fol | ow. .step .11 t frame nunber n = 0, and step 11 receives a data

frane. sﬁg{o"%@}%% simpe e spbie iy Britol VBRY aetic gtlbthﬁ (CaHBABY

sof twar e faédubneyf diffetinde ddkction/Ia reldte, bsgebiall) in h'%{'éfr%%{ of &hﬁiﬂ?ﬁ!ﬂ%é +K) ] *
[ an ar

(2) Wierejnh a represents an estimted frequéency rence, Q are

or t hogonalPerefetfe IS_QW@FE &§tighpaion can pe ugeddp guidstthe AFErprdwarStadjils@nentyi t h
forml a (t%)sat?s?i' mélr@&ﬁre%jénlt'%}“m%%st\@é &@p.olf‘hecs &g 1grstefpsr & Lallg?(():l}/ow.

Before step 11, set frame number #n = 0, and step 11 receives a data frame.

Step 12, estimate frequency difference of each data frame by software with
formula (2):

A LS LI+ JOWIUG+K) + JQUA KN oo @

Wherein a represents an estimated frequency difference, 7 and Q are orthogonal

demodulation signal, L is a statistic length.

Stepl3, with formula (3) calculate adjustment value of carrier frequency

difference, i.e. hardware adjustment value:

fa(n) = fe(n)*coefi(ry . (3)

Wherein fe(n) is an estimated frequency difference, i.e. « for the n* data frame
received; adjustment coefficient coef; ranges between 0 ~ 1, the selection principle is

that greater k takes smaller coef;. For example, a received data frame can be divided

11



di fference, i.e. hardware adjustnent value: fa(n) = fe(n) * coefx(n) ......
('3) Wiereinfe(n) is an estimated frequency difference, i.e. a for the nth
data frane received; adjustnent coefficient coefk ranges betwegRofs - 1.
the selection principle is that greater k takes snaller coefk. For
exanple, a received data franme can be divided 11 PCT/CNO 1/000 18 into
kl', k2, . intp kknk2 ectirosestiond) etheh liiesre ay i b <k 2<fm, take'eBef; £ akc%gﬁgﬁf‘&l- >
coefk2 >...> coefkn Step 14, adjust hardware AFC control accordi ng to the
cal cul at e@°Har dware adj ustment value, do n = n+l, decide whether n > Q?
When n is not greater than Q (Q is a preset nunber of adjustnent frames),
repeat steps sk 0 i > t jrst i t i s ended and go
to using m .danté)rl) ltg’ fatl)d?usﬁirl{g;allkrlée“r/;Prf3 r%%e%%g%éc%g?rgzzg §‘1 rﬁl?epr%glcsﬂ’ﬁlgeéj, ﬁ?’id“’&feso can
be feedbagtiugimenbualuaatoln dattd, decadeewhdibér avk (7 Whibd i d ot dréAéMBan g@

ware, i.e

f eedback in i.S case 1 s i,nteradj.usting between software and har .
first cal E:Su? g{%afnr mstlféﬁiy?djd’rgﬂe zi}‘?g?slmg?pr?agﬁf’ﬁs\/\)a# 0 14 newl 7 dj dsthemghredwar e

u
€q
gui ded by fitdobig s Bunaé®shd FLQURRMEYMRMalbR! BPfifher £ %BCJ‘EJCQ}’X@%G has been
adj usted, software estimates frequency difference agai’n; repeat the

procedure until a preset number of times. Fig.5 shows a procedure that
depl oys mi darBIP&adtise.obliorcani bghteedack uidiey eachcdata deyne, Bas sdthanujtiplent

det ecti ong,@es Mgl f cy..daviation is corrected intg a  range, which
can be bor %eeiy tehfgédggélgggﬁ% cé/f‘éérjn‘r:\)S ufeg%&)%sﬁmg PRvgeR @W“@M%re’ Ifsi ng
j oi nt det &t Fainulaecihoypleogy diffesmse Witheiofiwage, Shdn' bk RerdAFLISAASI btidanbl e)

i real channel response. In this way, user

to eachfrgﬂeér esti I ng '

equi pnent “alGiiate 3‘66\1%&%/ Frengraeienhrdarethas beemadinsted, softavateestintageswi t h
j oi nt det gedd . , | s near..the training
sequence m'g%ae% gi?ﬁ%legg%{ﬁ’erseg agj ns@@f%ﬁﬂ%%é;nuu%?%ﬁffwﬁuency

deviation information involved in these synbols. Specific steps are as
fol I owi ng: SFepdBhowecripreedurdathat feplops miGaablt6lo detahduigite ftdigetydat a
echnol i.e. denodul ate data synbol s near

frames w o] det ectign 0 i
the trai n%cga}agﬁ'g%aesﬁgé’nn’loﬂﬁr%feét'%‘hcf‘ 88%/15@69“%%%"53“05«# GPECHPd IS Rer t he
traini ng megenieh BilBabbae HyOHEBELILUEN MemBiiiSbr 30 P RIS st D) - -

X(P) and J/Sg respectively.

nlg joint detécl?i)o’n technology means inserting a training sequence (midamble) to
each frame for estimating real channel response. In this way, user equipment can
suppress multipath and multiple access interference with Joint detection technology,
demodulates data symbols necar the training sequence midamble, and guides
adjustment of AFC by using frequency deviation information involved in these

symbols. Specific steps are as following:

Stepl5, receive m data frames.

Step16, demodulate the m data frames with joint detection technology, i.e.
demodulate data symbols near the training sequence midamble and obtain P symbols

before and after the training sequence midamble, respectively, which can be named as
X(1) ... X(P) and Y(1) ... Y(P), respectively.

Stepl7, calculate, respectively, the frequency deviation direction by using

formula (4) on the P symbols before and after the training sequence midamble of the

m data frames:
Xi(n) = X(n)/Xj(n)
Yi(n) = Y(m)/Yjm) e 4)

12



Step 17, calcul ate, respectively, the frequency deviation direction by
using formula (4) on the P synbols before and after the training sequence
mdanble of the mdata frames: Xi(n) = X(n)/X (n) Yi(n) =préoNddhpdin) (4)
12 PCT/CNO 1/000 18 Wierein Xj(n) = Yj(n) =fn/4, 3it/4; Then use fornula
(5) to obtain a carrier frequency difference: P Z =Yi(n)/Xi(n) (5). Step
18, set adj usWhertin Xi(ep=|YMmgt=hn(/HBBR/41z) of AFC hardware, according to the
cal cul ated frf%c di ffgenc? direction. Step .19, according to the
frequency difEPdisedomulatYiteabEI asaEer frsuenepdifferengeij ust  AFC har dwar e
with the step lempgth STEP. Steps 15 to 19 can be repeated. Along wth a
corrected freduepcli(ni/tfierience decreases gracual |y, nopsg data synbol s near
the trai ning sequence m danble can be taken to obtain nore frequency
difference information, and the adjustnent step length of AFC hardware can
be decreased gr al.ly. The t hod of .1 inventiqn (s a cell initial
search met ho nggéaetoaﬁl‘ﬁg{}?fﬁg?el’nF‘éﬁ‘ﬁﬁ%’lﬁﬁaﬂ%ﬁ&@vé%ﬁﬁmo@m tBdhgised in
a CDVA nolkilcelatdnragnbicdtdi ForeysdigdttionA COMA communi cati on system using
joint detection technology can use the invention, which is a nethod for
correcting carrier deviation based on joint detection, to estimate carrier
devi ation. | 8P Shasserding & tedreanarmyaditfersuee draetinn obtaiedrinstepti7,adjust have a
wel |l effe ; i icep @ downl i nk synchroni zati on and
carrier dglﬁcaﬁrgﬁg}ég%m{el%t%lléggg%%gg‘g})'is desi gned based on a TD SCDVA
system which is proposed by CMS (China Wreless Tel ecommuni cati on

St andar di zat i9e)s &hdoil§ wmebotepcated RETong( Ritti 20 cdirenadriiegiary TagbRatogy) of

I nt ernati narl IMT-%IOOIE bu%ns(lt canboge ful used on other digital cellular
mobi | e cofuRT CatTagHaL) Spdgdals papbals, neaydhs, pidingnsegpencemidagrblecsdn be 000 18

taken to obtain more frequency difference information, and the adjustment step length

of AFC hardware can be decreased gradually.

The method of the invention is a cell initial search method based on having
training sequence system and can be used in a CDMA mobile communication system.
A CDMA communication system using joint detection technology can use the
invention, which is a method for correcting carrier deviation based on joint detection,
to estimate carrier deviation. In a space wireless channel environment, the method can

have a well effect.

Although, the invention, a downlink synchronization and carrier deviation
correction method, is designed based on a TD-SCDMA system, which is proposed by
CWTS (China Wireless Telecommunication Standardization) and is one of the RTT
(Radio Transmission Technology) of International IMT-2000, but it can be fully used

on other digital cellular mobile communication systems after an adequate update.
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Clairms 1. Acell initial search nmethod for a COVA digital nobile

comuni cation system is used for a user equipnent correctly receives

irnformation sent by a base station, it is characterized th@&wgﬁﬁm&ﬁghod

_ conprises: selecting a working frequency point by the user equilpnent;
obt ai ni ng downl i nk synchroni zation with the base station at the working

frequency point, conprising: a. deci (tEﬂgm% range of downlink training
sequence timeslot by using a power characteristic w ndow val ue net hod
based on traini.ng SEUYRKGE sedich FURINIENT ate .recei.vjng position for

t he user equi pment by cal cﬁf a%i ng lri’dcdcq)lf(?e a |Igl£1A gfgl%g@éci’h}(@d Pumynigation
training séfli@nceE ysad tfhrearlangequiﬁmeﬂﬂmm'eetlh(iébe&ié@Qﬁﬂuinﬂgtiéxp,s&:ftéﬂa"?a baswher ein

t he power terjsti.c.wndo val.ue net hod based on tralning sequence
conpri ses: g%%‘?ﬁ%‘?ecg%%%tﬁnﬁd;ﬁ@m? MeHYdsemPrises synchroni zati on symbols in a

downl i nk pi | otselesttrtpewetkihd FeGlaty HEWMA; tation data frame, and
maki ng no traggmﬂ tti ng pp%verédon >E)éot ecf%‘g%girﬂeggﬁ’?ﬁngcat ed before and after

t he synchroni 28t38h8 s Ink ispnchromazabeRTSjthb thes dase Biatign ponese working

characteri gbden H6iA of the DWPTS first by user equipnent, during
receiving, a%dnggﬁ(grwﬁg%ﬁgﬁﬁeen di scovered a position range of the
g

synchroni zati en degiting @, rangk bNdowalinle trafiNseabidd! @ apear the

posi tion. é_t Tpe. met ho(&a?ccordi ng to d ail%hle_ﬁor 2, Sg(?te%h%rel rac%(f%ﬂ power
char act er i SPFE'FSHOSNGRSY Yalue prethoddagsgrongraivingissquenes; a position range of
the synchronbzadti8RingY4ree) Prises:.. | ocking. a working frequency point
by the user equi pmenltn%fi rsta(,{;e gegg%dgcrgqs{/tfoﬁgﬁ)é tﬂ‘%é{f‘iﬁ APRRENt by |caleulatingg each
synchr oni Z@fietion piibeskeived deta and tiahénd WaTiSiceGakiUbatd Ng power characteristic
wi ndow val ues at each synchroni zation synbol position; calculating average

power charact rigtl cetﬁnﬂndow al ue gver the c_olr’{*gl ete data frane; searching

ni ni mum one of power 4 Asearding de (Claigy hawhereialthe sower eHaractagistic hrinddwz at i on

synbol s posiueirethed bisea oh@fafiNg Bueted ofdpAlEs:

a. Increasing transmitting power of synchronization symbols in a downlink pilot
sequence timeslot (DWPTS) of a base station data frame, and making no transmitting
power on protected symbols located before and after the synchronization symbols in
the DwPTS;

b. searching power characteristic window values of the DWPTS first by user
equipment, during receiving, and after having been discovered a position range of the

synchronization symbols, making correlation calculation only near the position.

3. The method according to Claim 1 or 2, wherein searching power
characteristic window values of the DwWPTS to discover a position range of the
synchronization symbols comprises:

locking a working frequency point by the user equipment first, and receiving a
data frame;

calculating each synchronization symbol power in the DwPTS;

calculating power characteristic window values at each synchronization symbol
position;

calculating average power characteristic window value over the complete data

frame;

searching minimum one of power characteristic window values at all

synchronization symbols position of the receiving data frame;
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14 .PCT/CNO 1 /000 18 deciding whether the ratio of average power
characteristic wi ndow val ue and m ni mum power characteristic w ndow val ue
being greater than a threshold value, if it being so, theact/b@ipesdtion of
t he m ni num power characteristic wi ndow val ue being the begi nning position
of the DwWPTS; solving correlation near the beginning position to obtain an
accurate recealeviding whegen tiengtiposfhaverapd sovelirnchathewrisiie) kviadew Nl Zag i on. 4.
The met hod .according to Cajm 3, wherein calculating each synchroni zation
synbol po%?‘%%?wg%@a@%ﬁag WiRfovhealpe being gregterthenrm thrasheld value, if it

synchr oni BgihbQ@p. ¥ gle i l i rs of all chips
bel ongi ng togt he sgﬁgj‘h?dgﬁ?izngr: tg% n{s]gf 0 ,pggvﬁgélbaé%?%{ﬁgg v@ﬁég‘ﬁg bstng he
synchr oni hgthegimningramsition®f tieh@wREShod according to Caim 3, wherein

cal cul ating pacteristic, wndow val ues at .each synchronj zati on
symbol posi tggiﬁ‘%ﬁg‘?‘f@é"s@ “esalrit%ﬂ? RESNNE RA5HH9B| 0| ABRiR appcehisty esceivinieng dat a
frame, anbegimlingpaint gl @rlely ddvasink sYAcHIONBAtighhar act eri stic w ndow val ue
R(i) at each position with the following formula: i1+N1 i +2N+M 1 i +N+M 1
R = (I P(k) + P(k%) /I 1 P(k), k=i k=i +N+M k=i +N wherein i represents a
real receivi ﬁg J;EB%FF’ hod, acppiding tefrlate 3t whetsiteealawating esich syadtonization

synchr oni B&Bo@gmpd%@nd M are characteristic w ndow paraneters. 6.
The net hod according to aim 3, wherein calculating power characteristic
wi ndow val uesupgosimgdhe syavinganbmatt ieingy sfehroptatibn YmBAMREIMaSE potht di Ng
with chip vagld. based on ﬁgclg cgig power, and cal cul ating the power

char act er MSFi20d{RE PEEs A 2lbchips el PEIRG L] the gynchponization| Symibel,tand Igetimgr ch

met hod f othe po@EMBS ik GirichtoniRIBbh §ymBSIMUNI cation system is used for a user
equi pnment correctly receives infornmation sent by a base station, it is
characterized that the nethod conprises: tracing carrier deviation between
the user equiPpnEift mghedidseordingetostlaim Gn wherdih ealculatng powiep ithcteristic

window values at each synchronization symbol position comprises:

sliding with symbol level on the receiving data frame, and calculating each

position power characteristic window value R(i) at each position with the following

formula:
+N-1 i+2N+M -1 i+N+M -]
Ri=( P(k)y+ D P(k)/ > P,
k=i k=i+N+M k=i+N

wherein I represents a real receiving position, P(k) represents power value of

each synchronization symbol, N and M are characteristic window parameters.

6. The method according to Claim 3, wherein calculating power characteristic
window values at each synchronization symbol position comprises:

sliding with chip level based on each chip power, and calculating the power

characteristic window value at each position.

7. A cell initial search method for a CDMA digital mobile communication
system, is used for a user equipment correctly receives information sent by a Base
station, it is characterized that the method comprises:

tracing carrier deviation between the user equipment and the base station by the

user equipment;

correcting the carrier deviation in a digital demodulator of the user equipment,

comprising:

15



correcting the carrier deviation in a digital denmodulator of the user

equi pnent, conprising: 15 PCT/CNO 1/000 18 a. esti mating the carrier

devi ation by software, and adjusting hardware by using a de§ickh e gnd
feedback method; b. by using a carrier deviation correction nethod based on
joint detection, suppressing multipath and nultiple access interference
and correcting tdsimating thercami:ke\deaiahmby@omﬁ%nﬂﬂ ddﬁh%h@@ﬂ:@hr@ﬁfﬁgﬂgd
denodul ati o r& taﬁ cordlngto Claim 7, wherein the step

further con%ercfséoé%a“ fgg‘q metdi ne carrl er devi al(:al on of egchddatsfll L(rgarre by
sof tware; calpgul r an aju
automatic fregueﬁbﬁg%% ?%Jn'éﬁd@?f%ﬁ V\Hg.(l;teoq’i H{} W W§£5% I}J(ﬂg HaF U r vm th

SHPRIGS Outltigath andl nwltl e a'ﬂr&ss nﬁttehbttneé:&ﬁdcbdi&ch@g ChetlcHRriér OF 8,
the cal cul gp@r o o t he carrier deviation of each data

frane " ao Jeffibi G 4 B sdhuicd 57 baseBsd acmag o1 9]+, L wherein a

d Q are orthogonal
represents the estimted frequency deviation, an

denodul at i on &i ghelnseth@hstcbrdise & Clhh US\th@reineiHQEtQ hép?:‘é E&Od accor d: ng
to Caim7 or 8 wherein using the fornula to ate a justrrent val ue

for har dwar e: SSHE@EHPS thecgqmigr devigbien of edch d\mefr@nmb)f @(ftvyare,s the esti mated

f
carrier fre i rece|V|ng data frane, the range o
adj ust nment g;&%}!k;ﬁlaé?. \éa%ds ﬁrttq{al"{)r}? Rargw , and when k is greater,

sel ect a smaladﬂrstlogeﬁﬂomam&eahmcmbh@dl (angmdtdmréﬁn%aignahe igbp the
step b furt. inserting a training sequence m danbl e of data
burst int 5"1@‘ t@ﬁcﬁgﬁateaﬁahﬁtmwvalégu mating real channel response; .
suppressing nultipath and nmultiple access interference with joint detection

technol ogy by, { I uiiodRUbRATRYYo CIght 7 4P BPHHL RN h SRS L R R:
training sequence m danb
the carrier deviation of each data frame:

AeHe = S1G) + JOWILIG + K)+ QG+ KT,

wherein a represents the estimated frequency deviation, 7 and Q are orthogonal

demodulation signals, and L is a statistic length.

10. The method according to Claim 7 or 8, wherein using the formula to

calculate a adjustment value for hardware:
Ja(n) = fe(n)* coefi(n),
wherein fe(n) is the estimated carrier frequency deviation for the n" receiving

data frame, the range of adjustment coefficient coefy is between 0 ~ 1, and when £ is

greater, select a smaller coef;.

11. The method according to Claim 7, wherein the step b further comprises:

inserting a training sequence midamble of data burst into each data frame for
estimating real channel response;

suppressing multipath and multiple access interference with joint detecﬁon
technology by the user equipment, and demodulating symbols near the training

sequence midamble;

adjusting automatic frequency control hardware with the carrier deviation

information included in these symbols.
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j-usting automatic frequency control hardware with the carrier deviation
?g{‘ grmat igon i ncl uded i nqt hese synbols. 16 PCT/CNO 1 /00018 12. The nmethod
according to Caim?7 or 11, wherein suppressing multipath acmcNomodos ple
access interference with joint detection technology and denmodul ating
synbol s near the training sequence m damble conprises: ql_ermdu! ating
recei ving datld- Whe methpdiccgedieg ta Ghimecombl,oghereiandpgressingmuRipadhai@ct er s

3 - ral i i danbl e, , and recqorded as X(1) ...
Py and uiSsIe" aclS Seirlee: RAGHBONE JRERBR fnioinh o demodutatgg n)

Yi = Yéymbdls Wgafthe trainfppegidnce idanietdhpPrised] (n) = Yj(n) = fir/4 or
3|7'E/n21 gete{?ln cq:z(r”rmi)_er dg%i _atqi on direction By the fornula: P Z.: I Yi(n) /
Xi(n) ; n=1 dg@f’a}”ﬂ@“%lrf CeRIy I8t FatmtWidh gpint @ﬁ@@h?lmfte?mbbgm iand Lg’eetqtgte!n?)x

trol h C| carrier frequen eviati
glo::] ecti On?ﬁﬁ%ﬁérﬁ&j@ﬁ&@?%%gﬁ{ gl(ré}atfa?%ﬁg Fe Eg%ecg“‘g:%’h l?’oqnﬁﬂ'ﬁ‘f‘ﬁaé* g (X[ #h-the
adj ust nen&(Btasg H(Bngt WP)acsmxctlielg, to the carrier frequency deviation

direction. 13, el l initi arch nethod for a CDVA digital nobile
e e ol Ll Bl o byt by o
user equi L L ,obt g ownl i nk synchr ¢ on \

at theq\/\o‘?jl?}réy rgaﬁeﬁc%i@g?)égnt; tracing carrier deviation between the user

. : . L . . t he
equi pnent  angetting chase deviatiorodirdyioh B theUsfhuigqui pment, and correcti ng
cgrr{)er deviation in a digital denodulator; it is characterized that:

obt ai ni ng downl i nk __nP ' jan Wi th a base station further conprising:

a. deci digng a range%f - mw’zﬁt}l)t’rai ning sequence timeslot first by using a

power characteristic w ndow val ue nmethod based on training sequence; b.

obt ai ni ng acéditing an pdostimenh gtep deigth mfhalmimhﬂirefra@mhcyeq@mmgmﬁid“me padegul 22; P%g
[ ' I.ni ence in the range; corr

correl at !Wthgfcalgglt Eaegr ecei ved and traj.ni @lg? sequ g

the carri®r a&d T BRICGaTer regpreicy deviakomatiectiosi aidur t her conpri si ng:

adjusting automatic frequency control hardware with the adjustment step length

according to the carrier frequency deviation direction.

13. A cell initial search method for a CDMA digital mobile communication
system, comprises: selecting a working frequency point by an user equipment and
obtaining downlink synchronization with a base station at the working frequency
point; tracing carrier deviation between the user equipfnent and the base station by the
user equipment, and correcting the carrier deviation in a digital demodulator; it is
characterized that:

obtaining downlink synchronization with a base station further comprising:

a. deciding a range of downlink training sequence timeslot first by using a
power characteristic window value method based on training sequence;

b. obtaining accurate receiving position of the user equipment by calculating
correlation of data received and training sequence in the range;

correcting the carrier deviation in a digital demodulator further comprising:

a. estimating the carrier deviation by software, and adjusting hardware by using
a decision and feedback method;

b. suppressing multipath and multiple access interference by using a carrier
deviation correction method based on joint detection, and correcting the carrier

deviation to a range required by baseband demodulation.
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a. .estimating the carrier deviation by software, and adjusting hardware by
using a decision and feedback nmethod; b. suppressing nmultipath and

mul ti pl e access interference by using a carrier deviati onpcocr@obiion

met hod based on joint detection, and correcting the carrier deviation to a
range required by baseband denodul ation. 17 PCT/CNO 1/000 18 14. A cell
initial search mstdetidinftonl ssaiCAettibdiifonla GDMA eligicihmichikatdamunkY&EENS,
conpri ses: %easr%hi ng a rough position range of DWPTS by using a power

char act er P& T ¢ URYSW: val ue nmet hod and defining a working frequency point;

sear chi ng accdirhihg’ £G6hH ggsmmiriﬂggnopb“gq{svbpgls@%% %!Ogye% QhafRiRod. in the

position ran&e defined and obt ai ni ng downlink Syn ation; °r gveri ng
carrier d&Uneaw salupnethadragdalefningiasyomting fatquencyqmintect i on net hod based on

joint detecti 15. . T ccording to,C aim 14, wherein searching a
rough positi 3%5}?2&11 eaccgfat%%ggg RISTIRY gy pIRNEPE cHpsielition, method i defow val ue
met hod coppsitisemngt defineigand obRiilihBdoWhEAkIGRRNroRRafén;f i TSt by a user

equi prent and receiving a_ conplete data frame; cal culating each synbol
pover P; cal CETOYETRG CHEHRE ACaREINRY esing & camigl dedationaiomsstion metiold teyerbol

posi tion; on¢thCiti@liofd average power characteristic w ndow val ue; searching
the m ni num one of all power characteristic w ndow val ues; calculating a
rati o of average power characteristic wi ndow value and m ni nrum power

char act eri st ilé. Whadwihodacoerdingrid Qeir t4,nehenkintsbeechinde rowdh goshRinngngy eat er

th th h alue, if it is, then the sition of the m ni num power
chgpagt erl{)fsa W%H%%dﬁ?%b%‘ﬁérﬁgkﬁﬁteﬁtéc g’i’{}f’ﬁ ‘E‘gj‘el TBI%%‘P‘% F%THPNCSDV\P[I'S. 12. The
met hod accor dédking @ wbikinp EequeBe iRl £l By"aaﬁée%qg%ﬁ{bn%ﬂ@‘}h%e‘?ﬁ\’}gra P

0 €gi nni ng

further conprises: supposing the receiving nonent Ing a sy
poi nt fi r semplgkdlatyfrarpeer s of al | chips bel onging to the symbol, and

getting the powWegk e&crﬁesy%%gpl%vver P,
calculating power characteristic window values at each symbol position;
calculating average power characteristic window value;
searching the minimum one of all power characteristic window values;
calculating a ratio of average power characteristic window value and minimum
power characteristic window value, and
deciding whether the ratio being greater than a threshold value, if it is, then the

position of the minimum power characteristic window value being the starting

position of DwPTS.

16. The method according to Claim 15, wherein calculating each symbol power
P further comprises:
supposing the receiving moment being a symbol beginning point first, adding

powers of all chips belonging to the symbol, and getting the power of the symbol.

17. The method according to Claim 14, wherein recovering carrier deviation by
using a carrier deviation correction method based on joint detection comprises:

a. setting frame number n = 0, receiving a data frame;

b. estimating carrier frequency deviation of the data frame by software;

¢. calculating a adjustment value of carrier frequency deviation, i.e. calculating

hardware adjustment value;
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17.. The nmet hod according to Caim 14, wherein recovering carrier deviation
by using a carrier deviation correction nethod based on joint detection
conprises: a. setting frane nunber n = 0, receiving a dat apEt@iRioos
estimating carrier frequency deviation of the data frane by software; c.
cal culating a adjustnent value of carrier frequency deviation, i.e.

cal cul ating dhardwsting auibmatid:nfm;umblmntrdﬁhﬁdﬂi&%c&{dﬁﬂé)tolﬁle%alc%ﬂitﬁﬁti ng
automatic,fre uen&; cont ral %r.dware according to the cal cul ated r dwar e
adj ust nenlha@ﬁ%fﬁe? Jﬁ?ﬂ"ﬁﬁt yalue, dqing g% ralripciding whethar pdicing greatat ghantdan a

preset nupkget Mimieliod a4WBRient MRS (Rif hdt 3?%3513%@9% ng @@g@avf‘gaglgeogrgft data

frame and going to stép b, otherwse en ng to
Cl ai m 14 @PIng7o sighbr etherwiscendeng.ng carrier . deviation by using a carrier
devi ation correction nmethod based on joint detection further conprises: e.

recei ving m dat r . I. denmodul afing,the data franes received with
joint detect ﬁgh%{lgeclﬁ%gﬁ%g%cofﬁ%g. C10d hﬂﬂui%t‘?%?ﬁéﬁ T ASEPETRE aaTHER 1 ai ni ng
sequence dedantil by anthedgloaig d2vidish UotrechiSl WA ot &f iRl N9
sequence rt]sa_ﬂlarrbl e, .respectively; g. calculating carrier r’equency evi ation
di rection °f fFENM$ynbol s before and after the training sequence midanble
of mdata frameg..i Qﬁﬁﬁéa\’éan%;s- h. setting an adjustnent step length for
automati c frequency control hardware, according to the calculated carrier
frequency deVi ad¢rooduliitingahe endata framdp tetived wadhtjoidb@chisL@URIYEyC PAL I Ol

har dware wi t h Hheg?fij%ust t step .length, according to the frequency
carrier dSUPAYIGmEALmbals BEAr & traiRing Sefuensremidambeland eeting Reymbols ai m 18,

further coefd SARMCLMEMaNEg SERRScEmidAmble, resPectively;
g calculating carrier frequency deviation direction on the P symbols before and
after the training sequence midamble of m data frames, respectively;
h. setting an adjustment step length for automatic frequency control hardware,
according to the calculated carrier frequency deviation direction;
1. adjusting automatic frequency control hardware with the adjustment step

length, according to the frequency carrier deviation direction obtained.

19. The method according to Claim 18, further comprises repeating steps € to i.
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