26 August 2005 WD 021069551 PCTY[ | SO2103217 [0001] INITIAL CELL SEARCH
ALGORI THM [0002] BACKGROUND [ 0003] The present invention generally relates
to user equi pnment (UE) synchronization to a base statl%lml\/g)trzg05
particularly the present invention relates to a cell séarch System which
utilizes an inproved initial cell search algorithm [0004 I nitial cell
search al 6%9?2{0 are used to synchronize the UE to TYSQS21E 5t on. The UE
acconplishes this procedure via a conmon downl i nk channel called the
physi cal synchroni zati on channel (PSCH . Referring to Figure 2, the PSCH
has a structure.wherein the sane primary synchronization code (PSC) is
transmtted at the beginning of each slot, while a secondary

synchroni on code ( ch slot, resulting in
fifteen (@@? ]dl ffer ent@%&%%ﬁ%e E—EGPW the art know, a frane
that is fifteen (15) slots long can transmt fifteen (15) SSCs. [0005] The
transmt order of the SSC depends on the prinmary scranbling code group
nunber . A90G4] exarrpl e, in a fiBACKGROUND and t wel ve (512) cell system .

t here Xty ol ) a r : of the SSC
and its c@c?j]c shlnl?]1 plége?ﬁel%v 'Sehﬁgﬁllt‘ &s%a}at?&e%%?e gﬁnre gggg I ve hundred
and twel veyn¢tirdrizatipn towbage stationnMoiragarticutelythe freseht inedntion mlata@ té a ve hundr ed

and twelve_cell (512) sys I s, assigned a_ code that no one code is
used by risHéEcarehsy W‘E@\‘tﬁ\zﬁ%‘ igproved iniialealy SB?F"]%F%%“ 006) Therefore the

Cfi‘| I sea{}?b?4]syncliﬁlﬁgldeﬁgwagﬁt&g%%rg%ﬁgﬂ})go OAIcRRRIARY UE £ b8P | ng code of

cel | I"zing an initi rithm Conmon 1nitial cell
. search alsga:imnt WMIIEacdornphshehﬂn@rQ@iumma@rwmhgmdomhﬁscmmleqﬂei al gorithm

ot or rmt 1 BRolysalvBgepgon tharna (6} ReterBeld BRuger B sEHI R ode group
~_nunber; %uémfetvﬂ{éregnﬂabgﬂﬁéﬁ ynkirbfiBattoh Boad (PHC HRbsRivtapme ded Dy t he

Step 2 algorithm and detect's the primary scranbling code. . Unfortunately, "
each st epbegingingiof bachiskot, vehileiarshemdary sgchronizagonceode () transmitied The er r or

present i of the st h ec of n0| se
associ at e{?} Waﬁﬁ o, prsultigg ?ﬁ%ﬁ%@) dcj%’@%t%sa Al Gosdsdifeh b &kl
- a frame that is fifieen (15) slots long can transmit fifteen (15) SSCs.
[0005] The transmit order of the SSC depends on the primary scrambling code

group number. As an example, in a five hundred and twelve (512) cell system, there
are sixty four (64) groups. In each group, the patterns of the SSC and its cyclic shifts
are different. As a result, there are five hundred and twelve (512) primary scrambling
- codes. Each cell, of a five hundred and twelve cell (512) system, is assigned a code
such that no one code is used by more than one cell in a given reception area.
[0006] Therefore the cell search synchronization systems determine the primary |
~ scrambling code of a cell utilizing an initial cell search aigorithm. Common initial cell
search algorithms utilize three (3) major algorithms: a step 1 algorithm detects the
PSC and determines a chip offset; a step 2 algorithm uses the information given by step
1 and detects the slot offset and code group number; and a step 3 algorithm utilizes the
information provided by the step 2 algorithm and detects the primary scrambling code.
Unfortunately, each step algorithm has an inherent error associated with it. The error
present in each of the steps is caused by the UR detection of noise associated with the



WO 02/ 069551 PCT/ US02103217 received common downlink channel, which can
result in a high nunber of false detections. [0007] Also, the common
initial cell search algorithms can not handle a rejecti O%)?L%ustt% upper

| ayers of the wong public |and nobile network (PLMN). Since foSr

al gorithns detect the strongest cell in the common downlink channel, it is
likely thabogesbsiti me the algorithmlocates a cell ptogusansPLMN w il be
associated with the <cell. This results in a deadlock and ultimately an

indication to the UE that there is no service. [0008] Accordingly, there
exists a need for a system and nethod mat reduces the nunber of false
detections by the initial cell search algorithmand is able to overcone

t he deadl ock associated with a rejection due to the wong PLMN. [0009]
[0010] SUReINRY cammencdownlipkebemeli whiclhean sespletna high numbergf B&ent i nvention, there
i's proviqﬁgco met hod for establishing a communication |ink between a UE
and a basé SLAation in a communication networ k, conprising the steps of,

recei vi ngoadT]i NPUAlse; cietdiina initeid cell @ioh algbrithid canpbiRedskng the
comuni cati gn si gnal and gener ating an index val ue associated with a

primary srgd%émhsﬂ?emeﬂaﬁrse BrorgneHilin lapdyachilepetivpdi BYINLANGi gnal , extracting a

peak_sammie i doe ok ST 1R orh HOBlrh Ptk FEPRAGY! O the Tndex val e,

second proce nication signal In response to the index val ue
and t he piebtdacistamepheaipomdtin locads & callvhengmedPL. MMOwil bgasaipledwitider , sl ot of f set, and

secondary chronj zation code, third,. process] t he , comuni cation si gnal
and retrF@ﬁ%ﬁ@wﬁﬁbmﬁﬁﬁ@@a§§$ﬁWB¥é%ﬁ“%%g@mﬁ ?Q@%@H@@ﬂ%@ t he code group
nunber ang.the slot offset, for synchronizing the UE to the base station,
the retrieval of the primary scranbling code being a code decision, and

adj ust i nd0M8k ear sdsoflingly fkancsxists i nead dor asjfstemi and metbqsiomat eeduces t he code deci si on.

I n accordance, w ft}i a ot%er aspect. of .t he present i.nvention, there is
pr ovi de d%ée ngmg%r of& és&@gte 1(9655byt Sthttiallell sthtcH algonﬁxm and I/abie tb
. overcome the deadlock associated with a rejection due to the wrong PLMN.

[0009] SUMMARY
[0010]

In accordance with an aspect of the present invention, there is provided 2 method for
establishing a communication link between a UE and a base station in a communication
network, comprising the steps of, receiving an input communication signal, first

- processing the communication signal and generating an index value associated with a
primary synchronization code within the communication signal, extracting a peak sample
from the communication signal in response to the index value, second processing the
communication signal in response to the index value and the peak samples and retrieving a
code group number, slot offset, and secondary synchronization code, third processing the
communication signal and retrieving a primary scrambling code in response to the code group
number and the slot offset, for synchronizing the UE to the base station, the retrieval of the
primary scrambling code being a code decision, and adjusting a search frequency of the
UE in response to the code decision.

In accordance with another aspect of the present invention, there is provided a




WO 02/ 069551 PCT/ US02/ 03297 system for conducting initial cell search and
establishing a comrunication |link between a UE and a. base station in a
comuni cati on network, the systemconprising, a first m)g(gl e fg{; first
processi ng of a conmunication signal and generating an i vt attie
associated wth a primary synchroni zati on code within the comunication

signal, a @gewebsssodul e for second processing of thepgpigaieati on signal
in response to the index value and a peak sanple extracted fromthe step 1

nodul e and retrieving a code group nunmber, slot offset and secondary
synchronigalehPn fRde cofdudiig’ d iARAY! ecbrr oIk Phpgessidplifiing Nea

comuni cafion signal and refrieving a primary scranbling code in response
to the codengngatpnilinkbstweend Uhend|pbassf ftation in ansmsnmumiatiorohdtwoerk, theupl ed t o

the first dul e, .second nodu nd. third nodul.e for controlli he
Lo Ut meriy g ofiog B o B ditfe. B et hrbCeemiy t BeoRrab oS gl ot
scranbl | gnGRig ah ndel &l ROFBLMERWiON 5HARA) synthroALAAGA 3BEEwih T thy et

anot her aspect of the agresent invention, there is provided a nethod for
est abl i siforguaicaiénmaienada sesand medulseionseqend porceasing af thsaepamededtion in a

communi C%Eénglninrf \ﬁﬂﬁfe‘%o CiH&’e&‘v?dL{é%n& ngeikt 1e°éxnﬁ85c9ﬁ&ﬁ%é‘§?pai‘ nlodG@m ng
communi cat1 on siI gnal and dgeneratl ng n 1 ndex value, extractling a peak

sanpl e f aadnrétieving ool zoap nombéer, gloabified ané saondey spndhfuhidatioe sodeahue,
determ ning, a ¢aode group nunber in response to the index value, retrieving
~a pri mar yiEcmg Fifﬁgmﬁgd@%%mgé#ﬁbﬁmn%nc%’él BHSVIRG rBFMary

synchr onigbgii\Gabn fohohlieto RS Gds Lt Alyb@NHaa US'deRE. Aade@hdlef 1 equency

of the UE I n response to the retri the primary scra ing code. In
accor danceuphed th the firstmiddale, sspeiahodile aridahipt medul¢ for nargrollingrthe adiestreerit s

provi ded system_for conducti initial cell search and estahblishing a
communi cé’?iaoﬁeqr' g tged%gaWdr‘?S‘“fYQs esﬁrg?%rﬁcfal‘f‘%ém%o‘f?ﬁﬁrmc%f’i on

net wor K, chiusdadBengOnpPri sing, a first nodule for generating an index
val ue associ ated wi t%] a primary synchroni zation code within a

comuni cat i orngcegmdance with greioamgthenapee of dhe preseat mventiog, there atlprovigedap nunber

in response to0 the | .val ue, a thi.rd nodqule r retriemk.ng primry
scranbl i r%eﬁ%:ogde Tn %%gg%%eat OOOPHE‘“B%?ggnng‘&p &%ﬁ'ﬁ@f aaﬁgha %“gnt Pol I er
coupl ed tasetsheioh irf $EomBakiitidn nadri, Rbmer k eps $f0processing soinkdrigg t he

adj ustment of a search frequency of the UE to retrieve the primary
scranbl i egmBwaEation sigral andgeperatingaan wdexsyalym extracting a peak sample from the

communication signal in response to the index value, determining a code group number in
response to the index value, retrieving a primary scrambling code in response to the code
group number for synchronizing the UE to the base station, and adjusting a search
frequency of the UE in response to the retrieval of the primary scrambling code.

In accordance with a further aspect of the present invention, there is
provided a system for conducting initial cell search and establishing a
communication link b;atween a UE and a base station in a communication network, the system
comprising, a first module for generating an index value associated with a primary
synchronization code within 2 communication signal, a second module for determining a code
group number in response to the index value, a third module for retrieving a primary scrambling code in
response to the code group number, and a controller coupled to the first, second, and third modules, for
controlling the adjustment of a search frequency of the UE to retrieve the primary scrambling code in the

communication signal,



-3 26 August 2005 WD 02/ 069551 PCT/ US02103217 [0011] BRI EF DESCRI PTI ON OF
THE DRAW NGS [0012] Figure 1 is an illustration of the initial cell search
system nmade in accordance with the preferred enbodi nent ?JAthS@ZOtagesent
invention. [0013] Figure 2 is an illustration of the physi cafE

synchroni zati on channel (PSCH). [0014] Figure 3 is a block diagramof the
step 1 nodwbhesidassaccordance with the preferred enbodenesikosfizt he present
invention. [0015] Figure 4 is a flow diagramof the step | nodule in
accordance with the preferred enbodi mrent of the present invention. [0016]
Figure 5 is a block diagramof the step 2 nodule in accordance with the

preferred enbodi nent of the present invention. [0017] Figure 6 is a
gr aphi cal [§01]ust r at i BRIGTDERCRETEIN DR THRBRAWINGhsf orm (FHT) structure.

[ 0018] Fi 7 is an.llustrati of...the, i nput matrix. structure in

accor danc@%ﬁt h F{gﬁlgq&aiﬁps&rg@oneoﬁﬂ'gdrpﬂ%ﬁ%l e W@telﬁwgeelr?t invention. [00 19]
Fi gure 8 icgordicelwith i prefrbd¥mbdiménh6r de@ebeentii@bfon Bt ri X structure in
accordance with the preferred enbodi nent of the present invention. [0020]

Figure 9 [0813n i FieysiZigen dlustegtion ofdhenbysieal anrlappizagion ehansel r uct ure in

accor danc ihth the preferred enbodi ment of the present invention. [0021]

Figures 1 hd | OB show a fl ow diagram of the step 2 algorithmin

accor dancjedmM t h Figoe 3tk dieglanesfitiedicprembduefin scbedapceadibtite | nventi on. [ 0022]
Figure 11 is g bl ock d%tﬁgram of the step 3 nodule in accordance with, the
pr ef er r e HEGEM Nt gF Ing Mesenb EIBM | nvention. [0023] Figure 12 is a bl ock

di agram gpofsne SRR 43s SRV GARHRIT He RePL AR bortindcvitnilae pr ef erred
enbodi maﬁ[PO or theé%%r essent clﬁ venti on?p’i26 August 1r20(§'5 IV\iD 02/ 069551

PCTI US02 piiaedembodiment of the present invention.
[0016]  Figure 5 is a block diagram of the step 2 module in accordance with the
preferred embodiment of the present invention.
.[0017] Figure 6 is a graphical illustration of me Fast Hadamard Transform
(FHT) structure.
[0018]  Figure 7 is an illustration of the input metrix structure in accordance with
the preferred embodiment of the present invention.
{0019] Figure 8 is an illustration of the code group matrix structure in
- accordance with the preferred embodiment of the present invention.
[0020] Figure 9 is an illustration of the correlation matrix structure in
accordance with the preferred embodiment of the present invention.
[0021] Figures 10A and 10B show a flow diagram of the step 2 algorithm in
accordance with the preferred embodiment of the present invention.
[0022] Figure 11 is a block diagram of the step 3 module in accordance with, the
preferred embodiment of the present invention.
[0023] Figure 12 is a block diagram of the step 3 correlator in accordance with

the preferred embodiment of the present invention.
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[0024] Figures 13A and 13B are a flow diagramof the step 3 algorithmin
accordance with the preferred enbodi nent of the present invention. [0025]
Fi gures 14A and 14B show a fl ow di agram of the control | gf &5%50 earch
decision logic in accordance with the preferred enbodinen? of the present
I nvention. [0026] Figures 15A and 15B show a- flow di agram of the
control | erWQPEBH excl usion logic in accordance w tBET{UREBHES err ed
enbodi nent of the present invention. [0027] DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENT [0028] The cell search synchronization system 10 in
accordance with the preferred enbodi nent of the present invention is
illustrated in Figure. 1. The system 10 conprises a step 1 nodule 12, a
step 2 nodule 14, a ste nodul e 16, and a controller 18 tqQ acconplish

.3
synchr oni B4924lon beﬁiﬁlﬁ%ﬁﬁlwl%ﬂﬁem disgram efrfie shScalgasimiiBn. | n order

to acconpl] i | | : the cell search

synchronié@%ésyg}%%%gwuﬁqﬁ%mgﬁﬁ?h???ntépﬁg%tﬁp' search algorithm to be
- di scl osed[0028)r ei nafifnees 14400 4B dleeww & flew dlagahpsithetdontrelfer bell semichi al cel |

search algorithm,is acconplished wusing the step. 1 nodule 12. Referring to
“Figure 3, 3@#@@9@%@%@6&%@ Brafsrred sabpgiment gt e presprtdnyentigy). oy

Correl at HGO) édﬁ{’lsﬁb& : g%nm_ ' (ﬁ]ﬁﬁ 23, 24, a
deci si onolrcoié%éc]ui t Z%Qurgszﬁ%\r mal | zerg{évilgg?ﬁl?la , a %g ug ta I%W27, a
~mul ti pli esxcluidn lagicip bécordance béth theprefearedenipdimentofiiizrmesent id@ntielThe r oot

- raised cosine filter (RRCFIR) 1 shown is not a part of the step 1 nodule
12, but are illustrated therein to provide a conplete picture. [0030] The

. purpose ofpgifle SEERLENBHSERIPHONDHE Pk PREFERREDEMBOBNERGt h over a " frame

worth of sanples the UE has detected-and determi ne the chip offset of the
st rongest[0p28]h. ThHEheRRitFiemch syuphpinigation system Jp|in taceordange iwithathgul se shaped

filter that, s es the.downlink communication sign rom.the base
—statton- EOERERERPRImE opOP Aot Ve G e R TG Tro the

splitter fPeonlfifiesRkichtiGhodh BDlistep 1 BRAISRMTAI @&S%_slrﬂaﬁle i6)tagdiat s even and
odd sanpl es and passes themto HGCS 21, 22. -4 August 2005 WD 02/ 069551
PCT/ US02/ @®ixolter 13 to accomplish synchronization between a user equipment (UE) and a base

station. In order to accomplish this synchronization, the UE, through the cell search

synchronization system 10, utilizes an initial cell search algorithm, to be disclosed

hereinafter. '

[0029] The step 1 algorithm of the initial cell search algorithm is accomplished

using the step 1 module 12. Referring to Figure 3, the step 1 module 12 comprises two

Hierarchical Golay Correlators (HGC}) 21, 22, two absolute value modifiers (AVM)

23, 24, a decision circuit 25, a normalizer circuit 26, a look up table 27, a multiplier

28, a splitter 19, and a step 1 comparator 29.. The root raised cosine filter (RRCFIR)

1 shown is not a part of the step 1 module 12, but are illustrated therein to provide a

- complete picture.
[0030]  The purpose of the step 1 module 12 is to find the strongest path over
frame worth of samples the UE has detected and determine the chip offset of the
strongest path. The RRCFIR 1 coupled to the splitter 19 is a pulse shaped filter that
samples the downlink communication signal from the base station at twice the chiprate
and forwards the sample signal to the splitter 19. The splitter 19 splits the sampled
signal into its even and odd samples and passes them to HGCs 21, 22.

_- 4.



[ 0031] The HGCs 21, 22 are coupled to the AVMs 23, 24, and the sanple

sel ector 34 ofthe step 2 nodule 14 (illustrated in Figure 5), to be

di scl osed hereinafter. HGCs 21, 22 correlate the PSC of, R@%ﬂbagpt si gnal
As those skilled in the art know, the HGCs 21, 22 outpu? e conpl ex

val ues of the even and odd sanples of the input signal, respectively. The
HGC 21, 2YOPXISWES are forwarded to the AVMs 23, 24%gﬁgmm@ﬁg sanpl e

sel ector 34. [0032] The AVMs 23, 24, coupled to the HGCs 21, 22 and the
decision circuit 25, determ ne the nagnitudes ofthe HGCs 21, 22,
equationto generate the magnitudes is determ ned according to the
foll ow ng equation : abs(x)- max(lx, j, [xu 1) + 0.5*mn(lx, j, jx;, 1)

Equat i on e use.of pr-oxi mat ahsol l.ye_in, accordance with
Equat i on @Ogﬂducemeh‘gaﬁﬁgr’o%a%w’é’ _ -tlog.ﬁe Wsh?‘l@ zlﬁhfﬂde At T on and causes -
no si gni f iffdk 3P hAFESINAAYIAfAtdNFighR S, td ferlioRBdasiciRfed absol ute
val ues have been determ ned by the AVMs 23, 24, respectively, the nodified

even and H6Es 2h23l comelatedheRIQ off the input signek iAs theseskitlediinthexst kiop33] The

=

* dot ex m not MR 2 i ol SR o 8 O Sp B BRASS o' 1 o

the AVMssignl, rekfedtivelyl TROHGOUIO2Poubfdls dfe Wirivirded fofilke AVRMs 38,04 aadr cui t 25, and
conbined Into a single stream This'streamis a representation of the
strengt h &esamde sqleptai34. transnitted in one of the sanples of each slot of

andr od S xty HBATYE A A e A 2 b MSRARG, || 0% 1 o

. frane. Si28; @etérhfing thembgEiudesaif the G OR|22 0k qaktidnit geametateaharivigpitedese, there are

5120 samples in each s|lot. Therefore, the decision circuit 25 determ nes
the | ocaftgiemined apgording to fhedpllowdnggqiptionchi p of f set, by sweepi ng t hrough
the 5120 accumul ated sanples at the end of each slot. -5 26 August 2005 WO

02/ 069551 PCFI E1S02103217 [0034] The stream generated by the MUX is

forwarded to abs(REARIALKAN, My 00,5 MIn(X e, Kinag) Equation

The use of the approximated absolute value in accordance with Equation  reduces the
hardware required in this implementation and causes no significant performance
degradation. Once the approximated absolute values have been determined by the
AVMs 23, 24, respectively, the modified even and odd samples are output to a
decision circuit 25.

[0033] The decision circuit 25, coupled to the AVMs 23, 24 and the controller
18, determine the chip offset. The modified even and odd samples output from the
AVMs 23, 24 are input into a MUX 8 within the decision circuit 25, and combined
into a single stream. This stream is & representation of the strength of the signal
transmitted in one of the samples of each slot of each frame. As illustrated in Figure
2, there are two thousand five hundred and sixty (2560) chips in each slot and fifteen
(15) slots in each frame. Since the input signal is sampled at twice the chip rate, there
are 5120 samples in each slot. Therefore, the decision circuit 25 determines the
location of the PSC in the signal, chip offset, by sweeping through the 5120

accumulated samples at the end of each slot.



shown) within the decision circuit 25. This accunul ator has a five thousand
one hundred and twenty (5120) sanple long register which stores the
accunul ated sanple value for each slot of every frame, ,and. Qpessates on the
slot rate. The strength of the signal for each sanple in a slot is added
to the stren th of the signal of each sanple in eve subsequent slot. As
an exanpl VOIS anpl es of slot | conprise the foH(ﬂ@hEPMQ?-nal strength
values {1,5,3,7}; the sanples of slot 2 conprise the follow ng signal
strength values {2,4,8,3}. Initially, the registers of the accunmul ator have
the values {0,0;0,0}. As each sanple value fromslot 1 is added to the
regi sters of the accunulator, the register values change accordingly. For

i nst ance, nth f| val f .sl ot thefirst :
regi ster U’E{?@e Eaﬁth%?nﬁ”“dqwmﬁw Wﬁg@t{’fh%‘%&g@m %, the second
sanpl e Vaéﬂdﬁm@leMe idedisiongitEt 20 THS a9kt hiLgifivé Sovyaldume t he

accumul ator has the values 1 1,5, 0, 0) and so on. Once the last sanple

val ue of bunﬂredﬂndgweawdébaoﬂW@o&gmrmsw%@ewm@@mew ue of sl ot
2 d f h
acl:ﬁrru?a?ggu%a{/%r% { gfsetv Iues ?@@’e?&%%n%ﬁﬁswtﬁtef@esc%ﬁ Sg{r?glgel \r/]alt ug of

sl ot 2 i ssigakll€st chch shifiple fiesddtds addediothestrengih ofthe difal afacinduplein has the
values {3,9, 3,7}. The greferred enbodi ment f the pre H i pventi on,
flushes t$WeLy %@ﬁegp@tgl fA%Wéxa@EGnﬂheé%Pl%?fﬁ P?%nseél; 9¥€ have been

- accumut at sy W Vafiel P Y94 808 LI SSY S Y odohBe BTGk Sndine, number of

accunul ate I'sS C a‘step nter within the

. deci sion simngthu*iah;eﬁ&ﬂ,@@SBjﬁmﬁydther@lm oftth¢ sucomulator havedhe vdleeschi p of f set,

(1) <1 ot B4E d&fé%’q'héw?n%lq vl 555 S0t o e e e S8 B 1 tL'e”ee”

~accunul at e h; p%ﬁé;rq,g}" eﬂbgg gécgfhh%gnpjf mﬁé{ Hewhdmasidssi gns an
“index toit. eﬁie I'ndex correspon tot ha‘?r chi 5 location of the PSC

si gnal f osanifieevdiesef sotdt is arded tbithe fist sgisten yalue, the gmainula!@(haﬁﬂlecm p of f set
ki1 Fod 1 vetudhel L0V b, s e e aptoe ek BeaBedin Bpcaowd 256 o ps.
-6 26 Augisisies Qokae, ik M@ﬂﬁﬁ haPht! 4?1887 and so on. Once the last

sainple value of slot 1 is added to the accumulator, the first sample value of slot 2 is

added to the first register of the accumulator, resulting in the accumulator having the

values {3,5,3,7}; when the second sample value of slot 2 is added to the second

register value, the accumulator has the values {3,9,3,7}. The preferred embodiment

of the present invention, flushes the registers of the accumulator after five (5) frames

have been accumulated, which is equivalent to seventy five (75) slots. The number of

accumulated frames is counted by a step.1 counter (not shown) within the decision

- circuit 23,

[003 5] A decision, determination of the chip offset, by the decision circuit 25

is generated at the end of each frame, fificen (15) slots. The decision circuit 25

determines which register in the accumulator has the maximum accumulated sample

value MAX and assigns an index to it. The index corresponds to the half chip location

of the PSC signal for the base station with the strongest signal.

{0036] Chip offset assignment is determined vsing the HGC offset value of 511.

As those skilled in the art know, the output of the HGC are delayed by 256 chips.
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Therefore, when the decision circuit 25 assigns an-index in the peak
sanple, the HGC offset value nust be subtracted. Since the PSCis 256
chips long, 512 sanples long, subtracting the HGC off§@%m$&?&kthe i ndex
equates to setting the chip offset to the beginning of t slot. If the

i ndex generated by the decision circuit 25 is greater than the HGC of f set
val ue of MAHNKEH t he chip, offset is calculated in HIEEIHHLe with
Equation 2 below. chip offset = INDEX - 511 Equation 2 ..... If the index is
| ess than the HGC of fset value then the chip offset is calculated in.
accordance with Equation 3 below. chip offset = 5120 + I NDEX - 511 Equation
3 [0037] As illustrated in Figure 3, the decision circuit 25 also conprises

a mask generator, 5, ich is used to exclude a w nhdow a0 a rejected
chi'p o  SERRSGIBis etspe el gt st ot B etk SIS BRHRG 2 | hener at or
5, ther ef gfRt vl bt &%ﬁ&ed.@ﬁde&h@ﬂ@is_?ﬁ@bﬁg@ﬁnﬁ,@@@k&ﬁpléﬁlléﬂg?g an i ndex

e

associated with a rejected chip offset. etails of 'the nask generator

5 will besubracting € effsetifrors ithe indoxagatehite seting dheehépioféset fo hef set and the
frame coupt.ste coun anre outpu o a.controller 18 g _be discl osed
ner of na t b e e ik Bl vy &8 B cRe £ ¥ idter imy accumul at o
chi p val ugie YGC affskt vaRie ¥ GUIHed iRCEhNoMsel B ddRulAARN hedofdanceawith r egi st ers.

[ 0039] The accunul ated chip value OUTPUT for all registers is output to a

nor mal i zePauetipebelows where it is sanpled at 20%the chip rate (one. out of
five), summed, and then normalized to 1024. The frame count step 1 counter
is output to the | ookup table 27 to determ ne the proper gain factor based

.. on the nunber of fohiprefet =INDEX -1ed. The out put of theBquatiom2i zer circuit
. 26 and the | ookup table 27 are then -7 26 August 2005 WD 02/ 069551
PCTI [ TSO2103217 multiplied by the nultiplier 28. The output of-th

emul tipligf LS: sd]& gff%lp ?%zgp L rded to a
step | 'C‘Oﬁpt%%%fl%)?lsg%rgcw %gg{é(?o ' _e{(zggen%g@i]%%ﬂ%l e gnc%%wfﬁ%%\igccunui ated
sanpl e vadcoerdhiX withfEquatornibelesem accunul at ed sanpl e

chip_offset = 5120+ INDEX - 511 Equation 3

[6037] As illustrated in Figure 3, the decision circuit 25 also comprises a mask
generator 5, which is used to exclude a window around a rejected chip offset from
detection by the decision circuit 25. This mask generator 5, therefore, prohibits the
decision circuit 25 from utilizing an index associated with a rejected chip offset. The
details of the mask generator 5 will be disclosed hereinafter,

{0038] The calculated chip offset and the frame count step 1 counter are output
to a controller 18, to be disclosed hereinafter. The decision circuit 25 also outputs the
maximum accumulated chip value MAX and the accumulated chip value OUTPUT for
all registers. '

[0039] The accumulated chip value QUTPUT for all registers is output to a
normalizer circuit 26, where it is sampled at 20% the chip rate (one out of five),
summed, and then normalized to 1024. The frame count step 1 counter is output to the
lookup table 27 to determine the proper gain factor based on the number of frames
accumulated. The output of the normalizer circuit 26 and the lookup table 27 are then
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value MAX is greater than the Noise Threshold, the differential amplifier _
29 outputs a high step | fir msignal to the controller I ndi cating a good
decision for step 1, otherwise a |ow signal is output. %%Q}z fAs stated
earlier, the chip offset and other outputs are determ ned % end of
every frane. Therefore, the reliability of the first decision is |ess than
that of tWR128¥8¥nd because the second decision is F&EFSGIBL thirty slots
instead of fifteen slots.. The reliability increases as the nunber of

sl ots accunul ated i ncr eases. The highest reliable output is generated at
the Mth frame, M being an integer greater than or equal to one (1). The
controller 18 resets the frame count step 1 counter and the accunul ator

t d Mth f f | t d
i 11 or entmaaleay B ppintRER TR pupwok B Rl A ReoRRaR  GE 0% i < good
enough  UFyd@bR%Ghd BIbrwarsy §'ste tl%&géx&ﬁo?&f&k'zﬂo%%o ?arﬁd‘t’iﬂﬁ@d to more or

| ess frames. [0041] A flow diagram of the step 1 no eils illustrated in
Fi gure 4. mTmupgRccwsiaet saniphe velee MAKX. Iffthe:mmmmmmbumn!stedvanple he conmon

downl i nk cha . st 40 nd.sa t the chip rate
gener at i n@?‘?{ﬁﬁkd% %&h@;'%?‘b@ &e&%f%ﬂhﬁm @%ﬁagﬁ'&’ Wid sanples are
passed t o high skip®fmCiiddallto el XtroIRE, RN Sag\ddqamsaﬂa foPdept ep 403). The
‘HGCs 21, 22 then forwafds the output’s to t 23, 24 and sanpl e

sel ect or @keryise 8fowiOgnal isoutpuivVs 23, 24 approxi mate the magnitudes ofthe

| - even and outp c m and forwards
. themto t g&éems:‘%ﬁm@%% %“{p‘{%%aﬂ@%&%@ﬁ %‘f %%%‘Phe out put

. . magni t udegdiohevedefahé, OThefd 6@ Hhk raﬁblﬁ@rﬁrltﬁeeﬁsttdwsmmbésm&mf ep 407),

which represents the signal_ strenqth of the signal transpmitted in one of

the sanpl esmn@b@hllsesﬂuwc@fd‘éea;@wnflmﬁéeovm@lﬁyglﬁ&lme diffeer or each

sampl e | f, h 08 The
““deg}om on CI rcw{e% u?&ﬁg% e?sﬂl%}e@mﬁ&ﬂog 2l MJM%&%r ane h?as the
maxi num dighesteldboofaniy genvateder (SNEh 40, Hm%ﬁg%'ﬂgﬂﬁg@@ea&f 26 August

2005 WO 02/ 069551 PCTI U502103217 index to it (step 410) Based on the
i ndex, a B¢ WWQ‘*&%S@!‘*QH&@%WW&WWﬁ&@%%@‘l‘%ﬁtﬁp faunter 2 own as t he

o C hip Of f SEL gocBRTiatyY iikter! B the End FUVES NIRih frhfie( ThePerfdrimance tefiilts S€
5 under different channel impairment show that five-frame integration is good enough

to detect PSC. However, this integration can be changed to more or less frames.

[0041] A flow diagram of the step 1 module is illustrated in Figure 4. The UE
detects the receipt of communications over the common downlink channel (step 401)

:D

and samples the signal at twice the chip rate generating even and odd samples (step
402). These even and odd samples are passed to the hierarchical Golay correlators
(HGC) 21, 22 (step 403). The HGCs 21, 22 then forwards the outputs to the AVMs
23, 24 and sample selector 34 (step 404). The AVMs 23, 24 approximate the
inagnitudes of the even and odd outputs received from the HGCs 21, 22 (step 405) and
forwards them to the decision circuit 25 (step 406). Upon receipt of the output
magnitudes the decision circuit 25 combines the magnitudes (step 407), which
represents the signal stréngﬂl of the signal transmitted in one of the samples of each
slot of each frame. The signal strength for each sample is accumulated for all slots
within each frame (step 408). The decision circuit 25 then determines which sample

in the frame has the maximum accumulated sample value (step 409) and assigns an
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threshold value is then generated using the accumul ated chip value for all
sanples and the frane count (step 413) and then conpared to the nmaxi num
accumul ated sanple value (step 414), indicating a firm3f" &% i ve
decision to the controller 18 (step 415). [00421 Referring back to Figure
1, the outWf296%51 t he step | nodule 12, the chip of¥@asNsép | firm and
step 1 counter, are forwarded to the controller 18. - The controller 18
forwards the chip offset to the step 2 nodule 14. As stated above, the
step 2 nodule 14 utilizes a step 2 algorithmwhich takes the chip offset

out put fx L Sten, | tdhe HGC 21,. 22 0 ts and detegts the slat offset
aﬁ d p'tj he. m@%%éé éﬁ%&c{? ‘?ﬂ%n ﬁgg@ .0"1‘%‘8 "%‘f%‘p a%hﬁgﬁépﬁ 15, 35s]gned £o the wdex (Step gur e
5, conprj Sheas rat.or e 4 eqtor. 34, a
conj uggt%lrsegg,ﬂ R conplex ."'lcblﬂng?&ﬁ@% lgetbgéséto ﬁaplg%aggﬁéﬂ' #z@f%‘r-ﬂ?l@%l—ﬁ) 3
3, an enhedshipdd vElie L ok HoYs Pﬁ]@ﬁ yder
37, and a step 2 de‘gfgli?g#egi@trag%i't 3%@%8%??%%6%8# Sglggb%?l t stg 3%82

al gori t Hheifsame count/fstep 4 13) aidthes calparéd tomhewhikintuhe asamaatdd@ngsiee

group nunher and the slot offset. The chip offset fromthe step 1 nodule
12 is sevalue (siep ¢ hd), indicating afirmeritentativiedesisies tothe doatrotlep! R(steyeidl §). 14.

T S RS | pBA Sl BTt SO o Mo 4 o
55, | nooSRAEASE Y, il M, SEAPI SoffleE b potvalliod fo e SRRORS 18 T no The
| ndex  dedonirdl1eed Somriviafdsme! chii? BIiSst ﬁ%%g%?t%ﬁﬁﬂulesmﬁ sﬁﬁédﬂ%ﬁ%%ﬁ%r o

" extracts the peak. HGC 21, 22 “out puts e i nput si-gna

then coisfegatmecdily Mhetilioas] 41g8p Oralgbrithind whiiPtilices ¢hd Hfp ©PRR| ufRlohd P! i er
38. [0044] The same conmmuni cation sign a[ to the step | nodule 12 Is input
to. an skn dranshthecHGQI2L, 22, owthirtsharal defaststthe slotmffses ayd ahe. s0dé padust ep 2
nodul e 14 bl}?f%i its _search for the scranbling code group nunber and sl ot
of fset AP e Adneduledd illystsated onEigure 8, eorgprisesiasten 2 gongparathe

LT3, S AR Bl e SR
2005 Oy 5L ARy e BOBAE 5, O

Fi gure
an RS ¢ncoder 37, and a step 2 decision circuit 39.

-

[0043] The purpose of the step 2 algorithm is to provide the step 3 algorithm
with the scrambling code group number and the slot offset. The chip oifset from the
- step 1 module 12 is sent from the controller 18 to a delay 32 of the step 2 module 14.
The chip offset is delayed for a frame through the delay 32 in order fo allow the step
1 module to make a first decision. The delayed chip offset is ﬂleq forwarded to the
sample selector 34 which is coupled to the delay 32, a conjugator 36 and thc,Hg_Csl.Zl,
22 _(_)f the step 1 module 12. Using the index determined by the decision cif.cuit 2_5, the
sa:hple selector 34 extracts fhe peak HGC 21, 22 outputs from the input signal, which
are then conjugated by the conjugator 36 and output to the complexl_multipligar- 38.
[0044] The same communication signal to the step 1 module 12 is input to an
alignment circuit 15, which aligns the input signal so that step 2 module 14 begins its
search for the scrambling code group number and slot offset at the beginning of the
slot. Once the signal is aligned, the alignment circuit 15 forwards it to the step 2

‘module 14. Even though there are two thousand five hundred and sixty (2,560) chips

9.




256 chi ps of each slot. Since the chip offset has been determ ned by the
step 1 nodule, the step 2 nodule determ nes the SSC usi ng the | ocati on of
the strongest PSC in the first 256 chips in each slot. fg skllled in
the art know, when SSC codes are generated, an envelop émuence S
“applied to the rows of an Hadamard matrix in order to have sone

or t hogonalWe 8268flween PSC and SSC codes. This envel SF&URR43 AL  pe renoved
before proceeding into the remaining portion of the step 2 algorithm This
envel ope renoval is acconplished by the envel ope renover 31. [0045] Once

t he envel ope has,  been renoved fromthe input signal, the signal is output
fromthe envelope renmover 31 to the FHT transforn133 coupled to the

| 3 | t 38, wh t ty of th
pore. phaaeand g bodPe Bresabion e ebR o HSSE VSR BORRR on %y L e
FHT 'St T UCH3Y EhipsIé¥eatly biBL!! S&Ee the(t. oﬂéirhﬁsrﬁ’e!&ﬁfd%ﬁhﬁéd b tiedeéd pl i ed by the

conj ugate of the peak HEC 2 conplex nmultiplier "38 coupled to
t he conj ugladldc,ﬂ%te@ﬁamdluk:détdﬁnhsahesﬁﬁmmhelﬁmonoﬁﬁedtongm%‘anj ugat e of

i 35?&%&%%" R o

transm tt ad o SRG Q?exﬁ%ﬁe Eé&ﬁeﬂc@&'apﬂl@die&%%@fa@ﬂﬁ&a&ﬁﬁnﬁﬁ&lhr ansf orm 33

out put has geen multiplied in the conple multiplier 38, the real part of

t he FHT omdguoha\msemegﬁhmou@wwwmaﬁsﬁaodasx%m@l@pbastg 5 by the
Itipl the F t put f 15 X 16,
LA oS BT ol o gbb B! (3151

_and in eﬁﬁ‘v@loﬁéﬁho%liﬁﬁﬁ&nﬁﬁs@de}ﬁ%ﬁﬁe&p&%m@eﬂla”E The input matrix is
updated per frame. The input matrix is then forwarded to the decision

circuit 3804Her e Ongethsenyelonehanbesh remayed Bomthednmu signal,the signabisgr oup nunber

are made. _Th ctu of the Figure 7.

- [0047] A %'%%‘“ﬁgp eeﬁv E?OV%I%M?%I?E%&V#W%G{’%&@{)@%%@&GA (@:l sion circuit
39 usi ngreidwe BDBRd m ﬁﬂ?ﬁbrﬂ@@hﬁh&e@c&ﬁhﬂ@oﬁﬂéﬁﬁﬁh@pﬁﬁ&[&d&naﬂhl ch results

ina 64 X 15 matrix he correlation matrix_ i s reset when the frame

count er f erelation gpasgion. frigue isan dluskation gt FEICucRyen Jho guipytof
PCTI 1 JS0240328 transform 33 is multiplied by the conjugate of the peak HGC 21, 22 by the

complex multiplier 38 coupled to the conjugator 36 and the FHT transform 33. The
use of the conjugate of the peak output from the HGCs 21, 22 provides a phase
correction fo the FHT output and transforms the one entry that corresponds to the
transmitted SSC code onto the real axis.

[0046] Once the FHT transform 33 output has been multiplied in the complex
mulitiplier 38, the real part of the FHT outputsr are forwarded to the input mafrix
generator 35 by the multiplier 38, which puts the FHT outputs into a real matrix of 15
X 186, called the input matr:x -In the input matrix, there are fifteen (15) slots and in
each slot sixteen (16) elements for a frame. The input matrix is updated per frame.
The input matrix is then forwarded to the decision circuit 39 where a determination of
the slot offset and code group number are made. The structure of the input matrix is
illustrated in Figure 7.

[0047] A correlation matrix is generated within the step 2 decision circuit 39
using the input mafrix 35 and a known code group mafrix, which resultsina 64 X 15

matrix. The correlation matrix is reset when the frame counter for the step 2 module
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reaches M2, simlar to that disclosed in the step |I. nodule. In order.to
generate the correlation matrix, the decision circuit 39 steps through
each of the elenments of the code group matrix and the gfgprgbgosof the
input matrix, 35 in accordance with the equation 4 below <corrMtrix[i]
[j]+= Equation 4 inputMatrix [lc] [code_group matrix is&z%k ] where j is
an i nt eger P& ented from 0 to 14 by 1, that repre M3l ic shifts
performed on the identity matrix with respect to colums; i is an integer
increnented fromO to 63 by 1; and k is an integer incremented fromO to
14 by 1. The structure of the code group matrix and the resulting
correlation matrix are illustrated in Figures 8 and 9 respectively. Once -
the corre i it 1.4 X een gener at e e xi,mym entry is found by
t he deci s%egénﬂegi edtf .'iaﬁ@hﬁ%ﬁ%‘@gﬁ“ﬁﬂg"oﬁ?ﬂ ﬂgmh‘gﬁ\/ g’?“ﬂ%&"ﬁ??&i%e Xi mum entry
i's the coci@relition Pndfis] B8y dedifidn bid€uii3Y s6Ps thrsughRcls bothe fefneMt of {8048] Sinil ar

to the step 1 nodule 12, if the max correlation MAX 2 is greater than the
t hr eshol d$ode gEoupTRHEK £0é the elemetstof thepinpyt matry 8 dn acgordange witlethe2 i rm si gnal
to the Cﬁ{ﬁ%ﬁ@lhﬁ&o&fﬂ indicating a firmdecision, otherwise a |low signal is
output indtcating a "tentative decision. The threshold value is calcul ated
usi ng the nean magni tude value of the correlation matrix: 53 14 Th = k
WO (~Zmag(q j =0 k=5.12, Pf, =10_4 Eguation 5 where PrA is the probability
of false alarm THOmMati[d [k5Tul e 14 outputs to the Hg@#iondl |er 18 the code
group nunber, sl otinpytMeiix [Kkliceds gropp mmtrinfibik$k ep 2 counter. -11 26 August
2005 WO 02/ 069551 PCT/[ TSQ2I 03217 [0049] The flow diagramfor the step 2

. algorithmis illustrated in Figure 10. The step 2 nodul e receives the

comuni cakhed® j 3§ @ dltegef iRehldfted BSM 6 tALL 0P 10URE rdpRBents GyMici shifischannel (step
1001). An envel ope sequence is renoved fromthe -
: performed on the identity matrix with respect to columns; i is an integer incremented
~ from 0 to 63 by 1; and k is an integer incremented from 0 to 14 by 1. The structure of
the code group matrix and the resulting correlation matrix are illustrated in Figures 8
and 9 respectively. Once the correlation matrix has been generated, the maximum
entry is found by the decision circuit 39. The corresponding row of the found
- maximum entry is the code group number and the column is the slot offset.
[0048] Similar to the step 1 module 12, ifthe max correlation MAX 2 is greater
than the threshold, the comparator circuit 30 will outputa high step 2 firm signal to the
controller 18 indicating a firm decision, otherwise a low signal is output indicating a

tentative decision. The threshold value is calculated using the mean magnitude value

of the correlation matrix;

6 14 ] Bquation 5
)

Th=k 'ﬁ[zz.mxg(cﬁ

=0 j=0
k=512, P, =107*

where Py, is the probability of false alarm. The step 2 module 14 ouiputs to the
controller 18 the code group number, slot offset, step 2 firm, and step 2 counter.
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comuni cation signal (step 1002a) and output to an FHT transform 33, (step
1003a). At the sane tinme, the chip offset fromthe step | nodule 12 is
input to a delay 32 in the step 2 nodule 14 (step 1002h) doder warded to
a sanple selector 34, which extracts the peak even or 0 out put gener at ed
by the HGCs 21, 22 of the step 1 nodule 12 based on the chip offset (step
1003b). THEO @Mkt of the FHT transformer 33 is thdCTASOPR] i ed by the
conjugate of the peak even or odd sanple output fromthe sanple selector
34 (step 1004) and transforns one entry of the FHT output that corresponds
to the SSC code onto the real axis (step 1005). The real part of the FR T
outputs for each slot in a frane are forwarded to the input matrix

: . The | (] X, . h
Pput -t FIOISN o1 eprhesiomyisraator i e 2 leerkpdt st 0 e e £ “The”
deci 510N gkh 64hidufOrebvalahe iinfifuioliBn Mgkl SGHMEE beRWatRAMeOROUP nunber

(step 1008). Utilizing the input matrix and known code group matrix, the
‘deci si on downlinkt ch@8na)e(step at083). a A enefapei ssquamae ris xerevedpfiamOop. Once the

correl ation matrix has e erated, .th i si.on .Gi f cui | ocates the
ot mum  SGPicaon e Gl B BT e eI E RS, G 1ot (e |
cor r espong fhg shrRWNifé, thd\hip basud dofiBilié AT ROBIY mﬁiﬁ%ﬂ@d'ﬂw@@ztiﬁ be the code
group .nunber and the colum Is .the slot offset. The code group nunber and

‘the slot oefstapt2 module Hé(sttpi0RAbYend foowarded tochsample rldectadd( whish 1011). A

‘threshol d val ue is th | cul at ed _usi | | f th
cor ol at | G Beek e, S oo TR el HBEPL IR AOER 21 B ARG D ° <t ep
- 1013), fome@ﬂéhmase@oﬁmebﬁi@foifm(g@ép JB03Y)! ThOsutin@df fhic FYT tehasfosheen to the

controller 18 (step 1014). [0050] The chip offset output fromthe step 1
modul e 1233isthenmultiplisd by thesenjugateiof themgek ¢jfed apodd samale WHiRm theom t he step 2

nodul e, are forward t I FfP e 16, which
utilizes 'ﬁauﬁp(leéB&%t(gﬁfgho%h@#g%@%ﬁﬁspé%ec@ E’gglferm %‘%ﬁ%i ch one of *
the pri Wﬁbbirg_iﬁdnﬂﬁ@th@%@@&ﬁ%nﬁﬁh@ﬁﬁﬁaﬂﬁ(ﬂﬁ toosheTHeaed part a2h@BHAUgust 2005 WO
021069551 P US02/ 03217 probability of false alarm (Pri4), when the code
group nunﬁ@?Putﬁ@YQFMtWﬂmeMOWtOWiWF% foRdP EBes in each

c ode grou R006). The input matrix generator 35 then creates the input matrix (step 1007). The
 input matrix is then forwarded to the decision circuit 39 to determine the slot offset

and code group number (step 1008). Utilizing the input matrix and known code group
matrix, the decision circuit 39 generates a correlation matrix (step 1009). Once the
correlation mafrix has been generated, the decision circuit 39 locates the maximum
entry in the correlation matrix (step 1010), for which the corresponding row of the
found maximum entry is determined to be the code group number and the column is
the slot offset. The code group number and the slot offset are then forwarded to the
controller 18 (step 1011). A threshold value is then calculated using the mean
magnitude value of the correlation matrix (step 1012) and compared to the max
éorrelaﬁon (step 1013), fonvéirding an indication of a firm or tentative decision to the
controller 18 (step 1014). '

{60501 The chip offset output from the step 1 module 12 and the slot offset and
code group number output from the step 2 module, are forwarded by the controller 18
to the step 3 module 16, which utilizes a step 3 algorithm for the purpose of

determining which one of the primary scrambling codes is coming with the least
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, ;[ 0051]  The bl ock diagramof the step 3 nodule 16 is illustrated in Figure
11. Simlar to the step 2 nodule 14, the .communication signal is.input to
a second alignnment circuit 17 which allgns the input sbgR@dustdst hat the
step 3 modul® ®@#9Bkgins its search for the scranbling codepeighglsay the
begi nning of the franme. Once the input signal has been aligned, the
“alignment circuit 17 forwards the input signal to the step 3 nodulel 6.. The
step 3 nmodul e conprises eight (8} scranbling .code generators 401...40%, _
eight (8) correlator circuits:4;1...418, a,noise estimator. circuit 42, a
step 3 decision-circuit 44, a decision support circuit 45, a gain circuit

Step 2. modul o a g o L (bR e RS et he e rensie

401... 408 apdlmnyammmmg@odhs&naﬁ@hﬂﬁd@gﬁﬂg,d therefrom The output of the:
scranbllng code generators 401,.- 408 | war ded: to the scranbl i'ng code

correl at or0fi]. . 41%he blesh diagraml of the Q6523 i 19Vid ﬂldsﬁ%i&? utePy codes .
output fro g}@ﬁe scranbling code generators 40...408, the communication o

signal , B b dhesslep | Woduke ,| @enemmmmmatwnt mgflil isufiipyg tbhe s&doind
of f set andafgb%enf’&ﬁ%tt glllg he controller 18, is input to the .
correl ator's Slrlra g%ﬁ s 4Rput _ssignalse that dhorsiep Somedwetl 6
integrati Vg er of slots. Lntegration;-can be over:
TR ol e sy 36 B ReABREE cRle RghS i e%mp%fr Smes Prgaoihet hat
. - corr espondaphtos h Iue o he corr Iatlon B
' tesults ar epaél%ﬁr?ﬁl %@%&%@n&?gﬁg W%%%lrg“g ﬂlﬂf@?‘étsﬂgq
- nunber of -sepBmodulblt.atiestep 3nsstilé 65mbHS &aﬂ{ &rg'e i
singte sl S@there are fen 256-chip Iongbda?ggﬁgg{qsge ebrlg}‘%{xse gﬁ@%’% chip
coher ent -t Pight () cormelataroditomits #li, 0r 4, ar Rois@ detihgior Viduit f‘ gtL!srugp 32

shows the ,det.ails of rrelator 417, [0053] After the correlator

41 geneqe'[tlgopﬁércﬂﬁfq%& COIPR SARPAChEMCWLAHiA gainrircuitsA6, Mamparhmrbe

found. The CII‘C 44 takes the outputs. of the scranbled
code correl at o?§$4ﬁ80&3§1§° URy By ﬁ{q@?mﬁeﬁ} Pﬁﬁqpaf modmlqldf isiimputia thet he

-13 26 Augdight §KM§bQ@;9ﬁ$§é&m§§§h}§@2/ é%lﬁ t %higgﬂgﬂed

gener at es an i ndex. t her €o X g
therefrom. The output of the scrambling code generators 40 403 is forwarded tothe

_scramblma code correlators 41,...41,, respectively.

[0052] Along with the: scramblmg codes output from the scrambling eo_de
generators 40,...40;, the communication signal, after processing by a reali‘gnment
circuit  "17 using the chip offset and slot offset output from the controller 18, is input
to the cortrelators 41,...41,. The correlators 41,...41, utilize non-coherent integration
~over a certain number of slots. ‘ Integratloncan ;be -over multiple frames. The
gor;ela_tion is made coherently for each, symbol that eor;espoﬁds tothe 256-chip data.
The absolute value of the correlation results are accumulated over 10 * N symbols per
frame, where N is the number of slots 1o be accumulated from the beginning of a
frame In a single slot there are ten 256-chip long data parts; therefore ten 256-chip
coherent correlation and ten accurnulations are made per slot. Figure 12 shows the
details of a correlator 41,. _
[0053] After the correlators 41,...4 1 generate the outputs, the maximum output
- and its index have to be found. The step 3 decision circuit 44 takes the outputs of the

seranlbled code correlators 41 f.‘,"f*-‘l,s_,.:deFC@m_CSfﬁ}ﬁ correlator 41,...41, with the
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nunber. The scranbling code nunber is then forwarded to the decision
support circuit 45 and the controller 18. The deci sion support circuit 45
observes the last M3 decisions nade by the decision CIE&H%% I f a code
“repeats itself nore than k repetitions out of M3 inputs, en the code
that has been repeated is the scranbling code nunber that is output from
t he deci sivh2@éipiort circuit 45 to the controll er 1&CTUMERNEr, the out put
of the decision support circuit 45 is only utilized when there is no firm
deci sion over the consecutive M3 franes. Even though the decision support
circuit is only illustrated in the step 3 nodule 16, a deci sion support
circuit 45 as disclosed in the step 3 nodule 16 can be utilized for both
the step 1 and step 2 _nodul esl12, 14 discl osed herein above. [0054] A firm
deci si on ﬁ@ﬁwmﬂmQﬂ?@éénﬁﬂﬁﬁﬁﬁﬁ@ﬂGékéﬂﬁﬁﬁgdnﬁﬁwkﬁﬁﬁﬂ@é@¢¥@hﬂ& value is

gr eater tlgﬁlﬂn Hﬁ@fw: fue is
cal cul at usi‘ng ?%[ﬁ noi se ﬁé’%{ m%&oﬁgﬁt?iﬁgge&ﬁvé]ﬁ 'S é@ed for noise
measur ene4ft andathd cantgallen 18f aftieodecisibh auppairtseircut 45esteenvesthd sy Maki ng t he

magni t ude of th iffe ence bet ween t he successi ve ¢ il ot synbols.
This metH %éy %#Fﬁa%l%ﬁlr@ﬂ.% nﬁt%@daﬁypaﬁ.%&.mm i se estimate

due to or&f@? g@aih f *Tﬂg gragﬂ, est i mat or
42 is multip |ed aln ﬁ%@sﬁﬁtgﬁ%eﬁﬁ%ﬁ}p I e ‘{% \A}ilﬁch i's

. determ nemabdenmnbafthalns dultpue fioml thi dedlien stppericédeait 45 toctlie nemtioftemi8correl ation i s
: greater than th cal cu d.threshol d, arator 47 out.puts a high

L den S ¢ e nouiugpk e Aol sprtr sl 1SR GleS WELEERiBw <1 gnal Ui s
.. generat echdﬁlﬁidé%{sioﬂ%vé’rtﬁ@éﬁxﬁéchﬂ@em&hﬁb@%vephﬁ%%ﬁheﬁ@&m&d Qippstt agram of he

step 3 algorithmis illustrated in Figure 1 code group number out put
f rom t he aewipisdondy ilhistrated in theistep Stmodule He asdeeisiof snpreul cmcm&%%ranbl i ng code

Rty 8 R B ARBT E A 200 1 e

f or war dednéduldsiE 19 @isBIOHed e BidRe.COrrel ators 411...418 (step 1303). Al ong
with the scranbl I ng codes output fromthe scranbl i ng code generators

401. . . 4090034 e fegisiondpindicgiadiwhenghe datermined suxinmm enarelstionnbl i ng code
cor el a1 O ol st R Ao RUE! TROREHR: AOTERBRBST! US02103217

using the noise estimator circuit 42, which is used for noise measurement, and a gain

factor. The noise is determined by taking the magnitude of the difference between the

__ successive common pllot symbols. This method of noise estimation eliminates any
bias in the noise estimate due to orthogonal signal interference. The result of the noise
estimator 42 is multiplied by the gain factor in the multiplier 46, which is determined
to be the threshold. When the determined maximum correlation is greater than the
calculated threshold, the comparator 47 outputs a high siep 3 firm signal indicating a
firm decision, otherwise a low signal is generated indicating a tentative decision.
[0055] The flow diagram of the step 3 algorithm is illustrated in Figure 13. The
code group number output from the step 2 module 14 is input fo the step 3 module 16
scrambling code generators 40,...40; (step 1301), which then generate scrambling
codes therefrom (step 1302). The output of the scrambling code generators is then
forwarded to the scrambling code correlators 41,...41, (step 1303). Along with the
scrambling codes output from the scrambling code generators 40,...40g the

communication signal is correlated in the scrambling code correlators 41,...41, (step
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1304), which then generate ten 256 chip coherent correlations and ten non
coherent accunul ations per tine slot (step 1305). The accunul ated results
are forwarded to the step 3 decision circuit 44 (step %@Q@ﬁaz&ﬂe deci si on
circuit 44 deterntnes the correlator with the ﬁBXIﬁUﬁ]OUtput and gener at es
an i ndex t@g which is the scranbling code nunber 1307). A

t hreshol d Pi%?#% then cal cul ated (step 1308) and i §¥ Tto the maxi num
correl ation value (step 1309). If the nmaximum correlation value is greater
than the calculated threshold, the step 3 nodule 16 outputs a high step 3
fine signal (step 1310), which results in the decision circuit 44

out putting the scranbl i ng code nunber to the controller 18 (step 1311).

Q herwi se he c troII 1312) and
the scranbiy P\’g cohﬁéwngé#ﬁ&e%?%g%%%@%ﬁ YO %@pgfeg &é%%?ﬂﬁ circuit 45
(step 13 lﬁt)cumﬁlaﬁoml)‘eﬂ‘thnmm&pm%ﬂ MReddcuditlael Fdsultsre fORFRAIRSHE e | ast MB
deci si ons ma the decision circuit 44, a scranbling code nunber is

outputto § ﬂ’tg %ﬁ’c"P(ﬂ“{"E’l‘i 44 dsiin l306). s@h%tﬁ?ﬂlﬁlwcewedr‘l‘ dpferminesi theel f kti mes

ggtnt rS}c I g%&égﬁcorrggl %g’ga"éﬁ‘?“éj) g?w%%mgg&gfﬂé C‘%(og’:%]@l h? g] éct tegechl p

of f set cosmambhngtodeatummmpmwy lM&hﬁ@ﬁﬂﬁ@bmcﬂaﬂﬁea(g@FQm@buffer 13, a
ng code counter 3, a decision logic circuit 2

rej ectedd primary sc arrbl
and a wi nﬂﬁ?%"é gt icpirelationovalupn(step o3P | Lithe peaximumsed to nake
better d

. with the %ﬁetﬁgrgir?z %%tﬂn@nttﬁgédfl e preser’lth%rgteél hl%lig]f)t‘gggfc%gapfgw

S di agram oihighsteltﬂeﬁmsmgnalﬂstﬂgilil&),&ﬁﬂclh’gsultk@ﬂﬁﬂthﬁﬁhbﬁmtﬁaotl@uttldgt ermne the
primary s rarrblél{n% C de for S I’lChI‘O{‘lI zaél on_with the transmtting base
station i controller 13,(step d 31 Do Dfhsrwisy ajeskEpnals the chip

offset 1 R Quphap the! ﬁﬂ.dnlg} I c?énﬁﬂm tfé'kf?ﬁ]ﬁl@ fromthe step
1 frodul e 12u st epefgf01 ﬁg 13 tgle&ptﬁ‘?ts Irm él nal I's iign g‘ﬂ&'!t?he controller

18 f or wartie detision suptpvntmrpnMS emp 1343} hm@mp deasmdup;mm(muep 1402a) ,

ot herw se, N a C offs or.war ded, ( tep 14 The step 2

nodul e 14 bggwgsr @Pi”éélﬁ? ({ég'g’ﬂ @"u“yﬁ’ﬁ on Cireyyit @‘Fmgﬁli‘%%odest ep 2 firm

and step mmsReRbehuts iheRo gh, the
control ler_for vva?tgs - 15 %gﬁhsﬂé&gg%ﬁ%ﬁw%ﬂﬂaﬁhﬁait -

of M3 inputs (step 1311).
[0056] Referring back to Figure 1, the controller 18 comprises a rejected chip

@

offset buffer 9, a rejected chip offset counter 11, a rejected primary scrambling code
vector buffer 13, a rejected primary scrambling code counter 3, a decision logic circuit
2 and a window exclusion logic circuit 6. The controller 18 is used to make better
decisions during the entire cell search algorithm in accordance with the preferred
embodiment of the present invention.

[6057] The flow diagram of the decision logic used by the controller 18 to
determine the primary scrambling code for synchronization with the transmitting base
station is illustrated in Figure 14. The controller 18 receives the chip offset, the step
1 firm signal and the step 1 counter signal from the step 1 module 12 (step 1401). If
the step 1 firm signal is high, the controlier 18 forwards the firm chip offset to the step
2 module 14 (step 1402a), otherwise a tentative chip offset is forwarded (step 1402b).
The step 2 module 14 generates the code group number, slot offset value, step 2 firm,
and step 2 counter (step 1403). Ifthe step 2 firm signal is high, the controller forwards
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WO 02/ 069551 PCTYUS02103217 the firmcode group to the step 3 nodule (step
1404a). O herwi se, the controller 18 forwards a tentative code group to
the step 3 nodule 16 (step 1404b) and if the step 2 couptgh.dfebess than
M2, the step 2 nodule 14 continues to generate the code group nunber (step
1403). If the step 2 counter is equal to M2, then the step 2 nodule 14 is
reset (stePP471 which results in the step, 2 mdA@YEA¥Eting a code
nunber and slot offset (step 1403). The step 3 nodule 16 then generates a
scranbling code nunber and step 3 firmsignal (step 1405) generated in
step 1403, receiving the slot offset and code group nunber. If the step 3
firmsignal is high, then the decision logic <circuit 2 determnes that the

scranbling code nunber is filmand ends the decisio - | %%iglg}ﬁorocess. | f
the step the fism pedsiggampito the step @ madyle(Flep $404a). 10Perwises th qante gh or the

step 2 ¢ | S. , ?ﬁs%l H?F‘é generate a

code groﬁgmag%sr%%?&?%tcg%@%@%,m%ﬁ)ef%%ggg1 e sltq gf)‘ﬁ%h drim ulsétél? eceives a

reset si @unter Biess than MMthestep 2Snwminkt IMasatimes togendratp tie codagrouy to 0 (step

1407). This _procedure continues unfil the decision out {)Jé“b the step 3
e I

modul e 1@wmber (siepm149o Hefhe siep.2 peymipr iy rauakip M2, Hhep the stap error in the
VCO, exc | : r 1 the VCOis
frequenc?E%Féégg%%?éom’ﬁ%uggﬁégénﬁéﬂo?ﬁ?@ &%Hn%ﬁ#(?ggg‘lﬁ%%%ﬁ equency error
bet ween tshot offseta(sidp t1H03)c eTHe. stdp® modilei 16i thén geteiates aofordmblin,cotihe control | er
-18 initializes the cell search freguenc sin frequency . synt hesi zer
20: Refeﬁumﬁr%“ésﬁpgiﬂ@%@aﬂ%éepflﬂg SR egm%egag’er%ﬂ“ @&%’Fl ses an

- adapti ve ' 8h&RS deRisiondodsci | | at or
(VvCco 7 gﬁﬁsﬁﬁﬂg?@é ]?%g%lﬁﬁol esgié)osci Iﬁ%nt\égi% CO) . -TheSAFC% coupled to

the contcirohit 2 dettBninexdithatithe 3@Mbling codpnugtes i oy eadsthe deeigiont i on tabl e

(FAT) and _a frequ st tabl e. (EST 005 Wien the .c oller 18 is
it al | ged rionetA Bt i fgpaF s %&'}M‘_ ﬁt&’i _ Fﬂ%ﬂf‘ﬁm‘%’%g‘ﬁ:‘éqpency in the
FAT and tgps 20fdufife is&k tin M2 Melshp 2middulelétnfinied td genbrateflddaeigivay is the
frequency used by the controller 18 to conduct the cell search. The FST is

a tabl e afumber (stépr H435nteaswisarthe Step & module uesstver s reebpigeslaigme {0, 2, -2
b GonGolier 18 bhd relhs 0MET BuBiok B (sleR 18075 Phis iCedutRMAREY 1 1 use DY
until the decision output by the step 3 module 16 is firm.
[0058] Due to a possible initial frequency error in the VCO, excess loss of

signal correlation may occur. Therefore, the VCO is frequency stepped in order to
" control the maximum possible frequency error between the UE and the cell. Upon
initialization of the UE, the controller 18 initializes the cell search frequency using the
frequency synthesizer 20. Referring to Figure 1, the frequency synthesizer 20
comprises an adaptive frequency circuit (AFC) 4 and a voltage controlled oscillator
(VCO) 7 or numerically controlled oscillator (NCO). The AFC 4, coupled to the
controller 18 and the VCO 7, comprises a frequency allocation table (FAT) and a
frequency step table (FST).
[0059] When the controller 18 is initialized, the AFC 4 sets the frequency using
 the first frequency in the FAT and the offset value from the FST. This initial
frequency is the frequency uscd by the controller 18 to conduct the cell search. The
FST is a table of step frequencies, or offset frequencies, for example {0, 2, -2, 4, -4,
6, -6..N, <N} which are used to offset the frequency in use by the confrolier 18. The
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-16 WO (P2/ 169551 26 August 2005 P.CT/USQ2/03217 FAT includes a plurality
of predeterm ned frequencies for which the controller 18, or a level |

~controller (not shown) utilize to locate and synchroni zgs hlig«Yhmst 0 t he.

base st atwomwésssl pur poses of this disclosure, the plural ptygansziz
frequencies listed are defined as FO, F1, F2...FN in the FAT and the

of fset frequencies in the FST are defined as SFO, SF1l, -SFl, SF2.
-SF2...SFN, -SFN. Accordingly, when the controller is initialized, the
of fset frequency is SF,,- and the frequency > FO. The AFC 4 conbines'the
two values .FO+SFo, and forwards the resulting frequency value to the VCO

or NCO 7 g 4hi i | ' ryar de r ency. -

[ 0060] " Tr?é““@‘é‘%f“r%??é?ﬁ%ﬁ%8??‘%#’%@%‘@"93%%@# f%“g‘?’!ﬁ%tﬁgﬁ% Bﬁ‘é{ﬁ%é’? | f
after Xg r ] dHo%y ' : B oah, e
controll ,.2 Ir’lw;éll gn%(tflhfgqglrheg@%FC: 4 rgg& igit% ;t)é %cﬁgtega&% §3’£c?1g§1t§1zﬁﬁh¢t: .ﬁ.gﬁ I@Sqﬁl?a%rg

exanpl e, stifion. Foephfosds bhis disclobiraghe phraligwittdfrincldsdittansy dofihbd he
frequency ofthe FAT, FO+SF1, and outputs the resulting frequency to the VCO
or NCO 72 by, - in the TUkTand the offsetdpquansies inf GBI T abe defindd ad SBy, 18
continués_to step. t h the offset frequencies in the FST until a high

t r.ou FST. un
signal i SEaetbct et tHomtthe -SFepAscamsingly when theyceniroller is initiabizedidhect i on

o1 "t Rty HSR ARG NS ARl AR e S i

 offset f oNCY 1 e SHY ST ENS: ' - T F d
Qo nes 81 gid fofivaldd h rBAL fedfeltylallé 15460 Voblol REA wiligh 3
- or NCO . fdiftais e URHe§u K@éﬂﬁusffbﬁ@uf&apﬁeg@edc@ls new resul ting frequency

and the controller. -18 then"perforns. the deciSion logic until a high

si gnal i 0068 ect edThe contrbHerst&perBormethé dedifion Tk disclossd above. sifakipt ng

t hrough-the- FST and then stepping to the next FAT frequency is continued
unti |l a B epmberpidrames hetqygputisicn hins degs sotgsdiigh, the. contendler ignalsithat
occurs tk efection _of a scranbling code, the AFC 4 | ocks the FS. T offset
val ue at EA|(j:tcsqc YRt B pxy Bﬁ?etn’@t H\"OF%'B’ FraekamiedSEint i The AFCC 4ntheR) | er

18 is in %ﬁlﬁid&é Btk ney[r gﬁggtlﬁ'éacﬁeﬁé?%hﬁ{% ﬁ‘éq%%n&yof e F%ﬁ“, ﬂ‘(on_r%,, z{ﬁﬁsot_u_tﬁu% vice

providers in
the resulting frequency to the VCO or NCO 7 to maintain the UE at this frequency.

_' [006 1] | The controller 18 continues to step through the offset frequencies in the
FST until a high signal is dcfeCted from the step 3 module 16, indicaﬁng a firm
detection or until all offset frequencies have been tried by the controller 18. Once all
- of the offset frequencies have been t,ri-ed,. the AFC 4 resets the ‘FST offset frequency
to SF,, steps to tlie next frequency in the FAT, F, and combines the two values,
}F;,-_FSFO, forrqﬁtput to the VCO é)r NCO7. The VCO orN_C_O:':'] then regulates the UE
ﬁeqqéhcy to this new resulting ﬁequenéy_ and the -qontrollerr. 18 »the-l_l_ performs the
-de(;,i)s.i‘on 1oglc until a hiéh Signai is detected from thé steﬁ 3 moduie 16. This plr(_')ce.ss '
~of stepping _throﬁgﬁ the FST and then stePping to the next FAT frequency is continuéd
_u'ntil: a high signal 1s output by the step 3 module 16. Once this event occurs the
_c_ietecﬁ_on of a scrambling code, the AFC 4 ioc;ks the FST offsé_t value at its current
‘iJOSition, not to be readj-ustedruhtil thé ponfroller 18 is initialized.
,‘[0062] As ,_thos‘é skilled in Vtﬁc‘ aft know, most service providers i a
- communication system have a different public land mobile network (PLMN). The UE

utilizes the detected PLMN to determine whether or not the service provider provides
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communi cation system have a different public |and nobile network (PLM).
The UE wutilizes the detected PLMN to determ ne whether or not the service
provi der provides -17 26 August 2005 WO 0 210 69 55 1 PCT3dR&183817
service in the UE s |ocation. The controller 18 utilizes a w ndow excl usion
logic wthin the wi ndow exclusion logic circuit 6 for overcomng a

rej ecti on WOBEHSk he wong PLMN. Since detecting thRECTHSRO3217 22 out put at
peak val ue al ways gives the sane PLMN, the controller 18 utilizes the

wi ndow excl usion logic to overcone this deadl ock. The w ndow excl usi on
logic circuit is coupled to the decision logic circuit 2, rejected chip

of fset vector buffer 9, a rejected chip offset counter 11, a rejected
primary scranbling code vector buffer 13, and a rejected prinary scranbling
code ' coufrese i thayRiE'sJocndiony dhe comraller [outilizes a windaw exclusiondegiehe pri mary
scranmbl i ng:.f . e.: [ Lected primary
sor anbl{ noaa e Wil Grob o) bR i SREnE O Aiep diEwd B 72

- vect or _budvfoag PLEIN.| Sihdealefeetingpthy HGC 2413 duhmt sigesk valwaalways glveptiiet he step 3
nodul e is found. in_ the brffer 13, or the wong PLMN is detected, the
W ndow ex@ﬂ?sl’.lg\ﬁN_ 3} thg pentroflercl§ yiiliges the windew exlusiondagis fpiovesomedhis ses t he

deci si on ' hiovrgad IR ' L | ode is

rej ect ed, ﬁe{iﬁfgﬁ %%%ﬂé% set ldtg’f?gt %‘kgﬁﬁe@%@ éedﬁ%&’c%eﬁgfog{i%é Qg%dul eis
stored i n2,trhjectedplep tofilet odectpr bfffes 81 a rejeeted whiphoffsbecovttendl] ausjediey t he nask
enerator 5. The k ner at Qr .5- the .decjsion circuyjt 25 wthin the

_gt ep 1 n&fﬂ?@f?@@@%ﬁévﬁ? e?éﬁ;raéélamc‘it?dep’?‘%%é?‘@ﬂm%?@eoffSet vect or
buffer 9 gyt 8 %&\ﬁﬂd&?b}&l&f&%ﬁ?ﬁc%HRB%ﬁeciEéthEPHﬁhIﬁ*b%mﬁﬂﬂﬁé&ideer 18 to

determ ne which chips in each sl'ot to exclude I'n the w ndow. The excl usion
of the dutptfiou the stered modude apainki thepejeoidéprmaty strapbliig wdesstaedinnade onl y
within a singl frequency..band. The. buffers and counters are, reset when
ther e i s QAT BHa GRERbInEEPL wertos ikend 5 R MG prigpar OB Ay band | s
used by tdifputrh the S bRidhRMs fduAd G the! BhfRr @?,rorttﬁe@&lbx&%SPEm #requency band -

used by the controller 18 during the w ndow exclusion 1ogic process, the
| ayer 1 cdsigcted, therwisiom grelusiorelogiciuit § rejeep theocadp @nd indtializes iguency in the

new 1 requ e Rfin SR 60 R Ll bty g s B RS (hen
offset that was generated by the step 1 module is stored in the rejected chip offset
vector buffer 9 and used by the mask generator 5. The mask generator 5 of the
decision circuit 25 within the step 1 module 12 uses the values stored in the rejected
chip offset vector buffer 9 and rejected chip offset counter 11 from the controller 18

to determine which chips in each slot to exclude in the window. The exclusion of the
detected primary scrambling codes and chip offsets are made only within a single
frequency band. The buffers and mi;nwrs are reset when there is an acknowledgment
by the base station or new frequency band is used by the level 1 controller.
[0063] = Inordertoadjustthe frequency band used by the controller 18 during the
- window exclusion logic process, the layer 1 controiler signals the AFC 4 o step to the
next-ﬁ'equency in the FAT. Since the offset frequency of the FST is set, the AFC
combines the new frequency with the sef offset frequency. The VCO or NCO 7 is then
adjusted to maintain this combined frequency. |
[0064] A flow diagram of the window exclusion logic utilized by the controller
is illustrated in Figure 15. The controller 18 runs the cell search decision logic and
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adjusted to nmaintain this conmbined frequency. [0064] A flow diagram of the
w ndow exclusion logic utilized by the controller is illustrated in Figure
15. The controller 18 runs the cell search decision |0giC gRgmb826 August
2005 WO 02/ 069551 PCTI USC2103217 finds a primary scranbling code (step
1501). The primary -scranbling code is passed to the upper |ayers (step
1502) whi ¥oepess t he frequency and the prinary scr@€siusngs2itode i ndex
(step 1503). Ifthe PLMN is correct for the particul ar service provider, the
UE is synchronized to the base station, and the process is termnated (step
1504), If the PLMNis incorrect and there is a frequency remaining in the
FAT of the AGC 4, the AGC 4 steps to the next frequency in the FAT and the
controller 18 changes the frequency, stores the primary, scranbling code in
t he vect dndhprimary sorambling qode (step lmé- Thepnmayg sgramblinegeds spasstdt ep 1505). |t
should b ' | 4 D L, OF: i 4 he counter
buffers %?E@%ﬁgg?QgEé%ﬂiy%?%&@g?gﬁﬁgﬁg&ﬁﬂép g@ﬂggﬁéﬁﬁgéhgg%gﬁgition occurs.
A L ai |l eﬁ coduriddéx (step liﬁgb.daﬂlei’LWis( coxfsgctlfbhtlmphr;iaﬂi?mv%:e\p'rdvﬁ@,nm]; occur

under t urrent conditions (e.g. frequency). If there is n requency
left wit mlswhrqwfltq e bese swhon. ad mﬁ@r%eﬁiwatﬁ%gt@vléﬁﬂ- dhe f requenci es

with the Gy D] i’ ' ‘ . : troller 18
t hen set éﬁ%lﬁéﬁﬂl@gcﬂﬁé%%@ﬁ%rgﬁgn%&%g@gg@&ﬁgﬁ#&?g@?@g%ﬁﬁg% scranbl i ng
code to tliwcAGHi4 steps te the hext dgudneyint the FATdadvhecontrodieo £8 clrangdsdbe (st ep 1507) .

The controller 18 resets the injtial cel] sear WLt h w ndow excl usion
met hod aff4Ansy § SPHIRALY FSLpIp ceemit{eqwo{@&@ﬁlﬁsaﬁrﬁs €reject ed

pri‘mary sy aghbi BofiHE(slcD 1BUSNCH chBlIR HelorddOACHE Gaibirh Behide " armbl i ng code

£
vector buffer 13 and e'rejected prirmary scranbling code counter is
i ncr ementewittssteither O Sypunter Buffers 8| I 1,sorartaherde détetimine Whefher 4 &iledin and a

primary scr | i ng code.and chip offset _are .foun st.ep 1510). If the
pri mar y---—-§8- @%? Scdggal @%‘?@d’nflﬁatﬁﬁ@a{%’flw%@%ﬁ -ﬁ-i—”"ﬁﬁ-r’%‘?gg%‘}_@%aml ing code -
vect or buhd@khelchirehft@RditiOR (6.8] fRoqRédcypLif thRrddb BEReqUchdy ek Rethighect ed chip . p
of fset vector buffer 9 and the rejected chip ofel counter 11 is increnented
(ste 15FAT thermenirellar 18 beginhtodbesvdep the euendies wiutha stord REIRATIdi ng a wi ndow
around t Igcfi“x.'elml:vling code (step 1506). The controller 18 then sets the first frequency and passes

the rejected primary scrambling code to the initial cell search with window exclusion

method (step 1507). The controller 18 resets the initial cell search with window

exclusion method and also resets the failure condition (step 1508). The rejected

primary scrambling code is pushed into the rejected primary scrambling code vector -
buffer 13 and the rejected primary scrambling code counter is incremented (step 1509).
The cell search decision logic is run and a primary scrambling code and chip offsetare
found (step 1510). If the primary sférambling code is stored in the rejected primary
- scrambling code vector buffer 13, then the chip offset is pushed into the rejected chip
offset vector buffer 9 and the rejected chip offset counter 11 is incremented (step
1511). The cell search decision logic is again run excluding a window around the
rej ecfed chip offset (step 1512). If the primary scrambling code generated by this cell
search decision logic is again stored in the rejected primary scrambling code vector
buffer, then the detected chip offset is pushed onto the rejected chip offset vector
buffer and the rejected chip offset counter is incremented (step 1511) and the cell

search decjsion logic excluding a window of value rejected chip offset is run again
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rejected chip offset (step 1512).
by this cel
scranbl i ng code vector
onto the rejected chip offset vector
counter is increnmented (step 1511) and the cel

If the primary scranbling code generated

search decision logic is again stored in the rejected primry

buffer, then the detected chip of §sgt &EmﬁUShed
buffer and the rejecteémc

I'p of fset
search decision logic

excl udi ng WOR4ESW of val ue rejected chip offset is PAVOSB&EIA - 19 26 August

2005 WD 02/ 069551 PCT/ US02103217
until the detected primary code is not

(step 1512).
in the

primary scranmbling code is forwarded to the upper layers to

acknow edgnent .by the base station (step 1513).
condition,_an ere i
no servi C@%P35{ﬁv§%%§

there w%@lﬁt@i%ﬁﬁﬁg@ﬂ%@ﬂgﬂ

the controller 18 sets a requen

asses

Steps 1511 and 1512 conti nue
list at which point the
await an
If there is a failure

o frequency left. the controller 18 indicates that

and 1@% cptinne ugikfhe Aetoqipdprismasy ped

s&%ﬁmﬁﬁk&ﬁﬂygﬂﬁﬁﬂ
y anda p

CleRPhhat ed. | f

écﬂHﬁJ[e%B# éfiiﬂrsttﬂe bandwi dt h,

ected primry

scrambl i myvaitoate adkmowledgmeri oy fiebase dationn(sthp 16)3). THhere dna ridillrer 18 t hen

resets the init excl

failure congiuon

cel.l search ndo
r

hersit v ?qg?r@pswé’égw)vgon

%ﬁi

conditi Oon an

Edfndieates

Batiolt . > ST _ : nti nues the
![ Rler Ieai Scﬁgil?béfﬁggquah&the\m&gggg t{eﬁ%ﬁi i : %E%%?gg@ta%gﬁﬁérﬁ’se above

udi ng nmet hod and t he
DPSEEVREAS cont i nues t he

controller 18

i ndi cat eswastadfiequpney wemaiging inthe bandmidiledhd conirbBerlidsets a new ifiequenppn r ecei pt

P o e Rl E PRt iy e ey (bpdSIqT
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synchronized to the base station upon receipt of the acknowledgment (step 1518), and

~ the process is terminated. If the PLMN is incorrect, the rejected primary scrambling

code is pushed into the rejected primary scrambling code vector buffer 13 and the

rejected primary scrambling code counter 3 is incremented (step 1515). The cell

search decision logic is run again excluding a window around the previously rejected

chip offset value (step 1512). This procedure continues until the controiler indicates

that no service is available or an acknowledgment from a base station is received.

* * %
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What is clainmed is: 1. A nmethod for establishing a communication |ink
between a UE and a base station in a conmunication network, conprising the
steps of: receiving an input comuni cation signal; first processing said
comuni cation signal and generating an index value associated with a
primary synchroni zation code within said communi cation signal; extracting
a peak sanple from said comunication signal in re%ﬁéﬁ@étgwssaid i ndex

val ue; second processing said conmuni cation signal hi response to said

i ndex V¥ %8%%5¥nd said peak sanples and retrieving &FYFEF oup nunber, sl ot
of fset, and secondary synchronization code; third processing said

communi cation signal and retrieving a primary scranbling code in response
to said code group nunmber and(daAdMS$ot offset, for synchronizing said UE
to said base station, said retrieval of said primary scranbling code being
a code I6i-n;..and adj usting a search frequency of said UE in response
to saiévgwﬁgﬁgggf%ion. 2{ The gethod of claiﬂ11 m%erein sai d adjustngnt of

sai d sear ch1f Aessteddyr eseblighingSesoniheiction finobetaudn A0Eiandabme of a plurality
of offset frequencies and one of a plurality of search frequencies;

* conbi nistaionga i doomeniesfioseatworfl camatisingthoftepsbfiset frequencies with said one of
said plurali t.z. of search fr.g@gﬁenci s for generating said search frequency;
mai nt ai ni ng 'SEVYS ARRPERONMUREAIRR $i8N3Yn G setting said of fset frequency in

response to i LS T u / 551
PCT/ US02/ 039%? p%%ﬁ%%ssggf%%ﬁrﬁlg}lcaélér%gég%l% gé n?%?%sa%\gfdlggsvggl?ch and
est abl habdina With LRTRRANdyRSHrbRRtibA de RRANSAD cinbini@nish fglaRse station in a
communi cat i on network, "‘the system conprising:
extracting a peak sample from said communication signal in response to said
index value;
second processing said communication signal hi response to said index value
and said peak samples and retrieving a code group number, slot offset, and secondary
synchronization code;
third processing said communication signal and retrieving a primary scrambling
code in response to said code group number and said slot offset, for synchronizing said UE
to said basc station, said retricval of said primary scrambling code being a code

decision; and

adjusting a search frequency of said UE in response to said code decision.

2. The method of claim 1 wherein said adjustment of said search frequency
comprises the steps of:

extracting one of a plurality of offset frequencies and one of a plurality of
search frequencies;

combining said one of said plurality of offset frequencies with said one of said
plurality of search frequencies for generating said search frequency;

maintaining said search frequency; and

setting said offset frequency in response to said code decision.
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a first nodule for first processing of a conmunication signal and
generating an index value associated with a primary synchroni zati on code
within said comunication signal; a second nodule for second processing of
said communi cation signal in response to said index value and a peak
sanple extracted fromsaid step | nodule and retrieving a code group
nunber, slot offset and secondary synchronizati on 86482562008 rd nodul e for
third processing of said communi cation signal and retrieving a prinary
scranbMAY%%BHe i n response to said code group nunbEFUERERAI d sl ot of fset;
and a controller coupled to said first nodul e, second nodule and third
nodul e for gontrQllin th [\ US: mt . _af rgh cy of said UE to
retrieve sa?d‘%rﬁﬁ%b&q@bfgﬁ%ﬂﬂh% &ggéémﬁns%gﬁg%ggn%%%ﬁggﬁgo% signal. 4. The
syst emghmGlidtion ikl bebieBeh IO d Bds@Statfon{ih QeRRRMicAWALBRSHKZ@E responsive to
said controller for adjusting and nmaintaining said search frequency, the
synt hesystar compesingli ng: an adaptive frequency circuit wherein said search
frequency is generated by conbining one of a plurality of offset
frequenci es avirst mogwe lesrliry ppcessiag pf ¢ Commuication signahand Ben@YingaNd adapti ve
frequency circuit co ising: a.frequency step tahle including said

bl ur i A oFAIEY issERRL UG afimdef PRGEGEREYRR ek, SBHE®: hel Ui ng

sai d ph&ﬁ@hﬁ&MmPﬁ%ﬁﬁse frequenci es; and an oscillator responsive to said
adaptive frequency Circuit for maintaining said UE at said search
frequency. 26GedmguaddubOBh End206850d oPEFill UotaibRadoh signal The system of
claim4 wherein said oscillator is a voltage controlled oscillator or a
nuner i gspdnge ©caidrieder yaluo e 4 peak sample cxtmctmagm&lﬂ otep dsmedylei apli ng a

comruni cation | ink between and a.,base stati.on inh a comruni cation
ot ver Fo s EppPHBEg s ot Al sercBdaty MR EERAR, " comunt cati on

signal and_qenanakl 0% afld AU 3 UR confihlAh M ARl ARYPI € 11 om sai d

communi cati on signal in responsé to sal
primary scrambling code in response to said code group number and said slot offset; and

a controller coupled to said first module, second module and third module for controlling
the adjustment of a search frequency of said UE to retrieve said primary scrambling

code in said communication signal.

4. The system of claim 3 further comprising a frequency synthesizer
responsive to said controller for adjusting and maintaining said search frequency, the
synthesizer including;

an adaptive frequency circuit wherein said search frequency is geperated by
combining one of a plurality of offset frequencies with one of a plurality of base
frequencies said adaptive frequency circuit comprising:

a frequency step table including said plurality of offset frequencies;

a frequency allocation table including said plurality of base frequencies; and

an oscillator responsive to said adaptive frequency circuit for maintaining said

UE at said search frequency.
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determ ning a code group nunber in response to said index val ue;

retrieving a primary scranbling code in response to said code group nunber
for synchronizing said UE to said base station; and adjusting a search
frequency of said UE in response to said retrieval of said primry

scranbling code. 7. A systemfor conducting initial | | ch and
establi shing a- comrunication |ink between a UE andmgﬁﬁg@ﬁg ation in a

communi ¢@fohefdssinet work, the systemconprising: a fi [,éfmggg/ﬁjﬂ,e for
generating an index value associated with a primary synchroni zati on code

Wi thin a communication signal; a second nodule for determ ning a code group

humber in reSpOhseystem Sfictim i4ntiereivadaldeoscillatddiis & vodped @orft@tled et rieving a
primary scranbling code in response to said code group nunber; and a

cont r ol PssHlatepers nueherienlly edntroflddroseillaterecond, and third nmodul es, for
controlling the adjustnent of a search frequency of said UE to retrieve
said primary scranbling code in a communication signal. -23

6. A method for establishing a communication link between a UE and
a base station in a communication network, comprising the steps of:
processing an incoming communication signal and generating an index value;
extracting a peak sample from said communication signal in response to said
index value;

determining a code group number in response to said index value;

retrieving a primary scrambling code in response to said code group
number for synchronizing said UE to said base station; and

adjusting a search frequency of said UE in response to said retrieval

of said primary scrambling code.

7. A system for conducting initial cell search and establishing a-
communication link between a UE and a base station in a communication
network, the system comprising:

a first module for generating an index value associated with a primary
synchronization code within a communication signal;

a second module for determining a code group number in response to said
index value;

a third module for retrieving a primary scrambling code in response to said
code group number; and

a controller coupled to said first, second, and third modules, for controlling

the adjustment of a search frequency of said UE to retrieve said primary scrambling

code in a communication signal,
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