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5 Technical Field of the Invention

The present invention relates to a 3GPP (3™ Generation Partnership Project) W-CDMA
(Wideband Code-Division Multiple Access) FDD (Frequency Division Duplex) mode
system, and more particularly to a method for slot synchronisation for an initial cell search,

10 both in terms of performance and resource requirements of the system.
Background of the Invention

The following abbreviations are hereinafter employed in the specification, as are other

15 standard industry terms:

3GPP 3™ Generation Partnership Project
AWGN Additive White Gaussian Noise
BS Base Station
CPICH Common Pilot Channel
20 DL Downlink
FDD Frequency Division Dﬁplex
FIR |, Finite Impulse Response |
H/W Hardware
I In-phase
25 PAR Peak-to-Average Ratio
PSC Primary Synchronisation Code
PLP Physical Layer Processor
Q Quadrature-phase
SSC k " Secondary Synchronisation Code
30 SCH Synchronisation Channel

SR Shift Register



WO 02/ 073823 PCT/ SGO1/ 00039 -2- UE User Equi prent W CDVA W deband

Code-Di vision Multiple Access Wen UE is powered on, the UE has no

know edgewaXo2zichss2systemtimng of a transmtting 5 cell. PORSEEORVY CDVA
FDD standard specifies an initial cell search procedure to synchronise the
UE reception timng to that of the serving cell. The initial cell search
procedure includes three steps, nanely: slot synchronisation; franme
synchroni sati on and codegroup identificetion; and scranbling-code
identification. 10 Cenerally, the goal of slot synchronisation is to obtain
the slot timng reference by analysis of synchronisation sequences
transmttddEi n' each cel | Uy Bghpneppst em Frane synchroni sati on and

codegr oup | ification | sed t et.er m .the transmtting frame
boundary a@géﬁM}‘as the ¢ d%%’ﬁ%‘gf}og% MFISWLﬁEplﬁAWy scranbl i ng code

bel ongs. 15 Scranbling-code identification is used to identify the primary
scranbling code used by the base station (BS) to transmt a common_ pil ot

channel ( E e weyerceis At YEthas ro Erawkdre pht)syste; tHaing|pd @ transmitting
synchr oni sagqi o gﬁj@ I i i | .4 hat: 1CQmnsS|

sub- chaﬁne‘%gl,' ? Ré% ri rrgf?]ja{\?% %ggg%%%%d %—l(.g@é'la'shaéﬁ %ﬁ%@ﬂz%é%%d%c%%%g of
t he Pri margynamdniSe dendBnrsceSOhh amagto vhad od thersevidgeal ot s, each having a

| engt h of 2560 chips. Figure 1 illustrates the general structure of the SCH
radio franme. The primary synchronisation code (PSC) is the sane for each
cel |, and Theis@qeedaeych pyotetire ihd@ics Ghres @les, (nabely: iskot @y fidhesréstiohpframach
cell. PSCis intended to achieve_ sl.got . synchroni sati(g)g \g}i I.ft SSCis

adopt ed t oSYAChIOBIRELON BRFLCOSTHONP dlFnEteation: askserameblmercade ephilicalioPhe haseband
for thgyUE to synchronise to the serving cell is to performan initial

cell search. There are altogether three steps in a cell search procedure.
Thi s i nvebeianlly,shagoa of edt syowbrodisatidneis fid pgtainstheplot)ﬁmmgere&éfmce %@@m@ky,sls

nanmely sl ot.synchronisation. 30 The princi.ple_uysedin_sl r ongd ion
et o por { B rbCSRPETAE br BueEos nepRiu) B Begt ' HySRE SUREDT oAkl o
synchronisation and codegroup identification is used to determine the transmitting frame
boundary as well as the codegroup to which the primary scrambling code belongs.
15  Scrambling-code identification is used to identify the primary scrambling code used by the

base station (BS) to transmit a common pilot channel (CPICH).

The Synchronisation Channel (SCH), being the synchronisation sequence, is a downlink
signal that consists of two sub-channels, the Primary and Secondary SCH. The 10 ms
20 radio frames of the Primary and Seéondary SCH are divided into 15 slots, each having a
length of 2560 chips. Figure 1 illustrates tﬁe general structure of the SCH radio frame.
The primary synchronisation code (PSC) is the same for each cell, and the secondary
synchronisation code (SSC) is different for each cell. PSC is intended to achieve slot
synchronisation whilst SSC is adopted to achieve frame synchronisation.
25
The first step in the baseband.for the UE to synchronise to the serving cell is to perform an
initial cell search. There are altogether three steps in a cell search procedure. This

invention is directed towards the first step of the cell search, namely slot synchronisation.

30 The principle used in slot synchronisation is to perform correlation over the received PSC.

This correlation is repeated for as long as the length of a slot, i.e., 2560 chip duration. A



This correlation is repeated for as long as the length of a slot, i.e.
2560 chip duration. A WD 02/073823 PCT/ SG01/ 00039 -3 profile of 2560
| ocat i onswian2a7%428t i s then constructed. By determ ning theTse/o00d39t he
profile, the slot boundary can be determ ned. Exam nation on the PSC
sequence suggests that a FIR of length 256 is necessary to 5 performthe
correl ation. However, such an FIR requires a |large piece of hardware for
realisation. In order to reduce the cost3of inplenentation, it is necessary
to I ook for other possibilities of reducing hardware requirenents while
mai nt ai ni ng acceptable performance. This identifies a need for a new

met hod of pilofile sf/ASHr catsatsi iore wiot ¢hthew epagnesdt By dé@rpindtd drspdakhertaat i n
the prior ar:,[_ i S I(r)Pz?ur of IQV %tion The present invention is directed

t owar ds er%‘?’#@e CLROERGEY £t %g PP i nproved slot 15 synchroni sati on.
The present invention seeks to outline two preferred enbodi nents for slot
synchronisation of an initial cell search for Third-Generation Partnership

Proj ect (3ErEningiieiebaribe dode seqioprs iseggens| thitpt IR lsaehE TDRAPemsEIdACY
Divisio S T, i nj -Res I
filter s@a%&%%dglg%g@%ﬁat%%ﬁ%kéﬁg hérﬂ\glﬁlgﬁs gétc%hgﬁg gg%gg %1?%61%?“&??%% %%)rr\ t he
downl i nk (feativaiod. [In nkier tGiegneditie dost dfakplnehtagipntihe HacestryRbRotlofor other

significantly.reduce the. hardware requirenents for .the sec Fl and_ t hus
The whol o ey EH S el et P o S PR ol bl RN Bt
further processed using two different algorithns. The first is to add a
square operation to the correlated results whilst 25 the second is to_take
the magni t 488 Weridies pasyd Ry 2 devhwekhed of Hofgyncirapsstinne ¥&I: oVgRsRes the
al gori tyam g%b@gﬁﬂhﬁgenttiﬂ?hé |{+s are accunul ated, instead of averaged, and
stored in menory |l ocation for each successive correlation over the sanme
| ocation in different slots. The physical-layer processor (PLP) then reads
t he accurruEFﬁt id rets#%s {iromthe menory | ocation and searches for the peak
posi tion. THTE™HES §PY?8n corresponds to the actual 30 slot boundary.
Note that the | and Q branches are processed i ndependently and the profiles

The present invention is directed towards providing a method for achieving improved slot

15 synchronisation.

The present invention seeks to outline two preferred embodiments for slot synchronisation
of an initial cell search for Third-Generation Partnership Project (3GPP) Wideband Code-
Division Multiple Access (W-CDMA) Frequency Division Duplex (FDD) mode system.
20 Two Finite Impulse Response (FIR) filters are used to correlate the synchronisation codes
transmitted in the downlink (forward link). Sign bit is taken after the first FIR to
significantly reduce the hardware requirements for the second FIR, and thus the whole
system. The correlated results from the second FIR can be further processed using two
different algorithms. The first is to add a square operation to the correlated results whilst
25 the second is to take the magnitude before passing to the next stage. Regardless of which
algorithm is adopted, the results are accumuléted, instead of averaged, and stored in a
memory location for each successive correlation over the same location in different slots.
The physical-layer processor (PLP) then reads the accumulated results from the memory
location and searches for the peak position. Thié peak position correspofxds to the actual
30 slot boundary. Note that the I and Q branches are processed independently and the profiles

are combined using accumulation for system performance improvement.



are conbi ned using accunul ati on for system perfornmance inprovenment. WO

02/ 073823 PCT/ SGOL/ 00039 -4 The present invention seeks to provide a

met hod f owosd2az3synchroni sation for an initial cell sear ®GI/3®iog3pwWo
finite inpulse response (FIR) filters, the nethod including the steps of:
synchroni sati on hardware of the user equipnment (UE) receiving an | and a Q
5 signal; sinultaneously calculating the results froma first FIR for the |
and Q signals; simultaneously obtaini n‘g4the sign bit after the first FIR
for the | and Q signals; sinultaneously calculating the results for the
second FIR for the | and Q signals; processing the second FIR for the |
signal and the second FIR for the Q signal 10 using an algorithm thereby

provi di ng .accunul ated results: storin h ccunul ated.resul.ts fromth

B gor t 11 SRR Gt S ROt R el oy S Sub & PR S bR e £ or
the 1 signah:cANdsihBews e dnfillR feQbordsB erIRY AicdNahe ALEBE Fhdladih® th'&eps of:

al gorithm over the sane location in different slots and storing the
successi ve accuspmchitoatfatiers bindsyaie of Hiee mesroequiproendt (UF); reagigtingSam I and a Q
physi ca#-l ayer processor (PLP) reading the successive accunul ated results
from the Yy location and searching for -the peak | ocation which

corresponds to §hg@sdoddly cal_@hl@iin%ﬂiéﬂ@ﬁﬂbé-frﬂfﬁ%_ fRsESRYor tVEMd QRigR&er di ng
to one aspect seeks to provide that the algorithmincludes: 20 determ ning

the square of tsisudansoysly ohtingogriisrréen kit aften the figwddRJOFIR fapd Q kignplssi gnal |
and adding this to.the uare of the s f.the ¢ nent.s of the.second
AR for the o urgaroufetRiabin RSUR PL Rt SRRSO bR e AP GGt
seeks to provi dgrdcBaingt e seddd@rFIRNGr B8 1i fielav RS thed flcBAITHIR e the QnEighilt ude
of the sum of the conponents of the second FIR for the | signal, an

addi ng1® hiwsingan higonithymi thergey pfovidiag senvnafatedeeseléiponent s of t he second
FIR for the Q Slstgplglg the"g‘&&%&%ﬁ%ggfmﬁ’%f %Algcg)rgtgr% in a memory location;
‘ successively processing the second FIR for the I signal and the second FIR for the
Q signal according to the algorithm, over the same location in different slots and storing
the successive accumulated results in the memory location; and
15 a physical-layer processor (PLP) reading the successive accumulated results from
the memory location and searching for the peak location which corresponds to the actual

slot boundary.

The present invention according to one aspect seeks to provide that the algorithm includes:
20 determining the square of the sum of the components of the second FIR for the I signal,
and adding this to the square of the sum of the components of the second FIR for the Q

signal.

The present invention according to another aspect seeks to provide that the algorithm
25 includes: determining the magnitude of the sum of the components of the second FIR for
the I signal, and adding this to the magnitude of the sum of the components of the second

FIR for the Q signal.



-5 In accordance with a specific enbodi nrent of the present invention it is
sought to be provided that the accunul ated results are stored in a 16-bit
menory | owato2on3$ee build a profile of 2560 chips in | engtreT/dGomo@9br oad
form the present invention provides that the successive accunul ated
results are accunul ated over ns slots and averaging is not used. In a
further broad form the peak | ocation corresponds to the received sl ot
boundary. 10 In accordance with a furthé?'specific enbodi ment of the
present invention it is sought to be provided that the required hardware
at the second FIR is reduced due to adoption of the sign bit after the
first FlRnTeeeoptaasenith avapatifiorrrnzhodonetitf the raessnhérveaspredt issewight to be

provi de that th I S 41 taps. .present.invention
becor di ng 18 BT BAGR e jale L3R o Sols bl LCHIERRE 1REHEEL B0 as
roundi ng Oigrohlléjﬁpﬁjdmiﬁihq€ng(ﬁ§USEd by averaging. 20 The present invention

according to still yet another aspect seeks to provide that the first FIR
is reused for the secondary synchronisation. In a preferred formof the

i nventi@n det ion.pr i bity.of r oXi el 6, 7. %. 0 ined in
an. VG Crir iR S AR ol p TR SRR Sy looklepclpn LU0

form of thechieRid 8erah, ARSI RBraRR0ERL tdedl. Of approximately 96.2 %is
obtai ned in an AWGN channel when accunul ated over 15 slots. |In another

preferred formof the invention there is provided a nethod for slot 30

synchronisation for _an initi.al cell search, substantial.l S, herein
duacri bea B § RPtsR e B boPpo Bone B8 s SSRERep iR Gb 3ottt 5 itk
acconpanyi ng figures and tables. Brief Description of the Figures 5 The

present invention will becone apparent fromthe follow ng. descriptjon,
whi ch il8 gln‘,@:ﬁordance with a further specific embodiment of the present mnvention it 1s sought to be

provided that the required hardware at the second FIR is reduced due to adoption of the
sign bit after the first FIR.

The present invention according to another aspect seeks to provide that the second FIR

15 uses 241 taps.

The present invention according to yet another aspect seeks to provide that the method

avoids rounding or truncation error caused by averaging.

20 The present invention according to still yet another aspect seeks to provide that the first

FIR is reused for the secondary synchronisation.

In a preferred form of the invention a detection probability of approximately 96.7 % is
obtained in an AWGN channel when accumulated over 15 slots.
25

In another preferred form of the invention a detection probability of approximately

96.2 % is obtained in an AWGN channel when accumulated over 15 slots.

In another preferred form of the invention there is provided a method for slot

30 synchronisation for an initial cell search, substantially as herein described with reference



by way of exanple only, of a preferred but non-limting enbodi nent thereof,
described in connection with the acconpanying figures and tables, wherein:
Figure 1 Wwduawsases the frame structure of a synchroni satpcamsghaoge! . This
is the 10 frane structure of the SCH transmtted fromthe BS; Figure 2
illustrates a preferred enbodi nent of the present invention show ng the
architecture of slot synchronisation. This is the hardware | ayout of the

i mpl enment ati on of slot synchronisation-for .an initial cell search; Figure
3 illustrates the correlation profile after accunul ation over 1 slot for a
15 preferred enbodi nent of the present invention. This is the correlation

profile (2kHle ap@shpan9hg fighred andsiabied.i ng) between the incoming DL signals
and the PSC code after accumrulation over 1 slot for Inplenentation 1;

Figure 4 illustrates the correlation profile after accumnul ati on over 5
slots for @ .pPRi&ipsh symedigmatl of the present invention. This is the

correlation profile (2560 20 positions for |x sanpling) between the
incoming DL signals and the PSC code after accumul ation over S slot for

| mpl enent ation 1; Fiqure 5.kl ustrates [ .l 0 r.of.il e.after .
acoumi &t ORE Beset i afiGe it bretihd Brafal P Br bRl R8BSy fel Sl
i nventi on. bfkiag of sxihpleatly, ol atprefarr@l Biftinbe-1{Z568 enpodimdnotierdofrdekoribed in
sanpl i ng) between thg i ncom ngrfDL éjg{%nal ) d the PSC code after 25
accurmul at i 6Pa57ReR Vb dheorcopmpanyipg BRERt 21 BRls "he'glire 6 i1 lustrates the
correlation profile after accunul ation over 15 slots for a preferred
enbodi ment of the present invention. This is the correlation profile (2560
posi tions for | Xigwerpl illusfraterethgelsame Weudtvieorfi gy Dbrasligpian shagnel.« Hes pstheode
after C | at.] 0 f: tation 1; 30 Figure 7

illust rgfeg%gyggﬁee?fgb? §§}§rr%#sm1{£gda¢%g&}%§ghwl ation over 30 slots for a
preferred enbodiFimnt 20iluttheesps padated erdentiment. ofTthiepresent hwentior Sostinghe

ot (2560, Y0 0% plased P Soalo0nds, L apetit o AL SeiLre
slot synchronisation for an initial cell search;
Figure 3 illustrates the correlation profile after accumulation over 1 slot for a
15 preferred embodiment of the present invention. This is the correlation profile (2560
positions for 1x sampling) between the incoming DL signals and the PSC code after
accumulation over 1 slot for Implementation 1;
Figure 4 illustrates the correlation profile after accumulation over 5 slots for a
preferred embodiment of the present invention. This is the correlation profile (2560
20 positions for 1x sampling) between the incoming DL signals and the PSC code after
accumulation over S slot for Implementation 1;
Figure 5 illustrates the correlation profile after accumulation over 10 slots for a
preferred embodiment of the present invention. This is the correlation profile (2560
positions for 1x sampling) between the incoming DL signals and the PSC code after
25 accumulation over 10 slot for Implementation 1;
Figure 6 illustrates the correlation proﬁlé after accumulation ovér 15 slots for a
preferred embodiment of the present invention. This is the correlation profile (2560
positions for 1x sampling) between the incoming DL signals and the PSC code after
accumulation over 15 slot for Implementation 1;
30 Figure 7 illustrates the correlation profile after accumulation over 30 slots for a

preferred embodiment of the present invention. This is the correlation profile (2560



accunul ati on over 30 slot for Inplenmentation 1; Figure 8 illustrates the
detection probability vs. acquisition tine for various nunbers of slot
accunul at wone/o7gs23a preferred enbodi ment of the present i m@mGM003¥his 5
figure shows the detection probability curves for various nunbers of sl ot
accurul ations for Inplenentation 1. The detection probability curves are
used to decide the opti mum nunber of slots needed for accunul ation given a
certain performance criteria; Figure 9 iTrustrates the correlation profile
after accunul ation over 1 -slot for an alternate preferred enbodi nent of
the present invention. This is the correlation profile 10 (2560 positions
for |x sanpisittgs foetlxesmmnling) ibsbwrsnntye Dhconiga dPls stgmdlst wed PSCPEGdwdaf aftar
accumul ati Q&u%\ﬁfartilo{]i 0§,%ro§0 Jlgtrf& m{bl@{{g&g%ﬁ pn 2; Figure 10 illustrates the
correlation profile after accunulatron over 5 slots for an alternate
preferred enbodFigerd 8ofllustretepriis edetectinn enrdbability TV, Sadqaisitioa doer &ratartous
profile (256 ositions for. |x _sanpling) between t incom ng DL signals
Pd. t he PSCIRHS OhpobFevmsTatioah A0 iDL FBIORTE O fi5t DETRGE BHERKAY | Sho2,
Figure 31 ghhidshé@s 82 deh8ti&PpFBhBitOMrRIs61 VaRioat hehbas ¥ Bt AlchRRIMYEE forl0
slots for an alternate preferred enbodi nent of the present invention. This
i s the cor Feplgmiceiatipn df | [Ibe detgdonperebatilghscurvis 1R wwAppi frfjdebBevertingmhe

i ncom ng { | ?Eg Pe% ﬁa . i r..10 slot for

| mpl enent gknll%h&rﬁs% I Sé&r]gjrfg I g@?nra%@ga %%Eeé c@r{rﬁogltngﬁ%o(%ﬁ%ﬁaéfi l e after
accunul ati on oveiguihIslilbissrafesrtharorrabtier pafide pfief acnadiatiob edemd rdotafor tane
present invention. This i he correlation.prof.ile. . (2560 positi.ons for |Xx
Sampl i ng)  BLCTRERTERES REORITE O dhRsra dRTHRE PR Boe arelion profe
accunul i@t i er5e0vREitibRs frQk shRblihgibethemitaé inebmaig DL giinalskadithd PSC cadesaftérhe
correlation profile after accunul ation over 30 slots for an 25 alternate

preferred erpoulaiontovsr | sieeiqrlmplameniabpBhii on. This is the correlation
profile (2560 @ﬁ%#é h §NfudQfes! He %Qﬁahﬁ&g%mgget X?&rhc%&ﬁufaﬁ&? B89 HorsSfanal s
slot for |

and the PSC code Qafter accumnulation ove npl ement ation 2;
Figure 14 ilttmstratiesed kebddineatt iofrihe pebatithvenyion.s . Thag dquithsi ¢omsiation ppofilsr

varl ous mﬂg%) [@éﬁi{gpii%h{%%ﬁl%ﬁé}%éﬁ%&% S {ncgrr}lir?gl IBErSanl}a ] a%ﬁ%ﬂee ﬁgé%ode after

enbodi nent
15  accumulation over 5 slot for Implementation 2;

Figure 11 illustrates the correlation profile after accumulation over 10 slots for an
alternate preferred embodiment of the present invention. This is the correlation profile
(2560 positions for 1x sampling) between the incoming DL signals and the PSC code after
accumulation over 10 slot for Implementation 2;

20 Figure 12 illustrates the correlation profile after accumulation over 15 slots for an
alternate preferred embodiment of the present invention. This is the correlation profile
(2560 positions for 1x sampling) between the incoming DL signals and the PSC code after
accumulation over 15 slot for Implementation 2;

Figure 13 illustrates the correlation profile after accumulation over 30 slots for an

25 alternate preferred embodiment of the present invention. This is the correlation profile
(2560 positions for 1x sampling) between the incoming DL signals and the PSC code after
accumulation over 30 slot for Implementation 2;

Figure 14 illustrates the detection probability vs. acquisition time for various
numbers of slot accumulations for an alternate preferred embodiment of the present

30 invention. This figure shows the detection probability curves for various numbers of slot

accumulations for Implementation 2. The detection probability curves are used to decide



30 invention. This figure shows the detection probability curves for
various nunbers of slot accumul ations for |nplenentation 2. The detection
probabi | i W e27se23 are used to deci de WO 02/ 073823 PCT/ SCRIAKI3N00398 t he
opti mum nunber of slots needed for accunul ati on given a certain performance
criteria; Table 1 presents the detection probability and error probability
for slot synchronisation for inplenentation 1; Table 2 presents the
acquisition time and detection probability for different nunmber 5 of
attenpts for inplenmentation 1; Table 3 presents the detection probability
and error probability for sl ot synchroni sation for inplenmentation 2; Table
4 present sthe hptimuquilmihet oflslbﬁs meecmdcfoxjm'cemmladnn pivebalpeitainpef formatick fogitaziat

nunber of atte tlon 2. 1 des, For Carr

| nventi on Q/erg%tel?/v g F%Hq rPf?}%ag%}} e%n%l(afﬂrf e %{bqu Ogo&uglgg
resource r@guhﬂoﬁfmﬁﬁnfoﬂ'ﬁﬁ@emmhh@d$ 15 for adopting sign-bit correlation
are considered hereinafter. The first is to take the sign bit at the input

to the first FI FeblqR gresets e acquiskiondives uidedsean prababifite fordiéerept pmber R
and befg)re g%%?ﬂgplgﬁl&taﬁ&plthe third possibility is to take the sign
d er

bit after t con possibilities do not make nmuch difference
in terns of res&iﬂce% prpséntentant deteg@orThmobabilsy approawh mrelsbilite Fowskt

hardware re 0 e to the phase shift and deep fading of
a nobile 08'%%@?1“%53 On%%rtlz I%rﬁleeiléa%‘%g’r efore, this approach requires a |ong

acqui si ti Ol’l ti ngable 4g>eéseﬂtslﬂﬁﬁ dcgbisitionl thhe holduatipn pidtebsiey fordlidppnoachbdias a
slightly her hard e requirenent than the first approach. However,
this appro%@ P Yop&Ip EFFWP?“% reduci ng the effect of phase shift and
deep fading by taking the sign bit only after 25 going through a 16-stage
FIR Therefore, reducing the acg uisition time significantly. The third

appr oach b¥bkidsalFloy Cawrgng Stut nyeRfidf i cant har dwar e resources al t hough
the third

Overview

Sign-bit correlation provides significantly reduced resource requirement. Three methods
15  for adopting sign-bit correlation are considered hereinafter. The first is to take the sign bit

at the input to the first FIR. The second is to take the sign bit after the first FIR and before

the second FIR, and the third possibility is to take the sign bit after the second FIR. Other

possibilities do not make much difference in terms of resource requirements.

20 The first approach has the lowest hardware requirement but is volatile to the phase shift
and deep fading of a mobile communication channel. Therefore, this approach requires a
long acquisition time to get a reliable slot boundary. The second approach has a slightly
higher hardware requirement than the first approach. However, this approach has the
ability of reducing the effect of phase shift and deep fading by taking the sign bit only after

25 going through a 16-stage FIR. Therefore, reducing the acquisition time significantly. The
third approach basically does not save significant hardware resources although the third
approach performs the best of the three. Judging from the hardware requirements as well
as the performance of each approach, the second approach seems to have a good balance of
these two requiremerﬁs. In this connection, it is chosen to be implemented for the 3GPP

30 W-CDMA FDD mode UE system.



approach perfornms the best of the three. Judging fromthe hardware
requirenments as well as the performance of each approach, the second
approach @geR7t93have a good bal ance of these two requi rEgrGed00039 t his
connection, it is chosen to be inplenented for the 3G°P 30 W CDVA FDD node
UE system WO 02/073823 PCT/ SGOL/ 00039 -9 The results after the 2nd FIRs
(I and Q are accunulated to build a profile of 2560 |ocations in the
menory. For any subsequent results takenover nore than 1 slot, the
results are also sinply accunul ated to i nprove the profile. This operation
saves hardware for averaging the results. After sufficient accumul ation,

t he PLP soflienegsalts eges thehend TR I( abd f@)oamet sveummehmedytoabaild et gofild bé 236k of

the profile. This peak | ocation corresponds to the offset of the actual
sl ot boundF3Hams Ipige elee%orbofﬁaaaw RBoR S dbr PEFROYSrioREs thepa 18, the

Consequentloyy,td 7€ als§ GRAN G doduinilli Ed @@ﬂnﬂ%v@%lﬁéiﬂg st diRraAoh alesHapdware
boundary. Slot synchronisation is achieved by neans of detecting the
Primary SCer ¢rsaying W whiliss Afted Stlfrf@ir@ﬁﬁ@ctueﬁﬂﬁtont the PLPrsoftwassregds e rapfileach
slot. The t

rodui at oa S e TR AP o B, R sl s BB g i RenEontE o e
conponent soffsehef RECadtsal Gl Sonndre do theoa;tmabcsmdanal Wwisde generradlatemdwas started.

hi erarchi c uence wi.th go e] ation

propert i eséoﬁ%?q‘f?{élyp%@g? % gﬁ‘é@&% 88“ g?/a‘?g%%‘iﬁod[hﬁa% %gwﬁﬁﬂg@agy nodul at ed by
a Col ay conpl enentary sequence The sequence ais glven by a =<1, 1, 1
1, 1, 1, -1, -1, 1, -1, 1, -1 -1, 1> and

a, -a, -a, Skt sgnchsonisasion i aGhéPVeé bYéﬁeanS'Pﬁé‘P‘@ﬁ'@ﬁgethe tPﬁ’@l%szSéq}E (%%@b H@H"}éés
Cpsc =y,= eHif to
t he Chl p t{rr%tx}ls}gqrhﬁ ed%ﬁir:rgttésr&nc Itl}?s M@a%égfdlgr gg‘g tﬂstdeg'lt\ﬁ/\%g%g€@% &R%ﬁ Ig?g?fgq%r e
used. The gwtenk| Rhh®SC1i6 napktaf omihdtInandQ) bhammelswhiil stentidad réahdnd fRaginary

components. The PSC is constructed from a so-called generalised hierarchical Golay

sequence with good aperiodic auto correlation properties.

15 The PSC is generated by repeating a sequence a modulated by a Golay complementary

sequence.

The sequence a is given by:
a=<1,1,1,1,1,1,-1,-1,1,-1,1,-1, 1,-1,-1, 1> and
20 b=<a a a -a -4, 4 -a,-a, 4, 0, 4 -q, 0, -a, ad, a>.
Therefore, the PSC is defined as:
Cpsc=y=(+)*b

where the leftmost chip in the sequence corresponds to the chip transmitted first in time.

25  Procedure
Two (2) FIR filters are used. The 1st FIR has 16 taps of width 10 bits, whilst the 2nd FIR
has 241 (256-15) taps of width 1 bit. Before starting correlation, the PLP (shown in Figure
2) loads the coefficients onto the 1st FIR, where the coefficients correspond to the patterns

of the a-sequence with the mapping ‘1’ to ‘0’and -1’ to ‘1°.

A ‘0’ means addition and a ‘1’ means subtraction at the summation block. Similarly, the



has 241 (256-15) taps of width 1 bit. Before starting correlation, the PLP
(shown in Figure 2) loads the coefficients onto the 1st FIR where the
coef fi ci epgpoai2espond to the patterns of the a-sequencedddyiiohEsomappi ng
1" to 0" and -1' to '1'. 30 A 0" neans addition and a "1' neans
subtraction at the summation block. Simlarly, the WO 02/073823

PCT/ SG01/ 00039 -10 coefficients for the 2nd FIR follow the pattern of the
b- sequence with the same mapping. The-éBefficients for the 2nd FIR can be
pre-programred in the design since the flexibility of reusing this FIR for
t he secondary synchroni sation is not needed. However, these coefficients
only appl yeokfficid¢mpforuhbend RIR fdbw theqragem ¢f the @-sequehbe wath thhewmmeimappingir e
2. 5 The ipcom ng.signal, ( is fed to the 1st. FIR at .|l x .1 he chi

Fate. The DieenfionRGind ind bR et e Spemes T mer iR es Teftufly
summat i on & REKink ShisMPRt fdrotht RecotdryFbfAchRnNa068GE ndt nb&RY! t Hbherd higesénd
summati on block at chip rate. The calculation at the 2nd FIRis_nerely an

XOR oper atdosficiqtigotly egply foniap agmberst X A onvherein g Oty .48 sheivis BaF @8Er % or
flushing the 10 FIRs. The sane bl ock of hardware is repeated i ndependently
for the I and Q branches of the received signal. The output fromthe

i ndependenthd inamding digraeh (horad)as fdveto the ¢ strillRatt dd theacidp ratpuilhe sighlvat rafi)l e.

There are t pr ef ed hod f inplementing the A-blac icted in
Filgure 2. e0s P bl oan e LR Porh e e R B i B an
added Wi t hrellie st 188 bnd ElpfbfidiEblotIn g chidy ae NThe2daldulatlog e tedind HTRZs ridrely
magni t ude of _the sumfromthe

. 2nd FIR i s added vm'thtge ou &)ut fromtl{ge
ot her br anghXOR OHWétl@hd’_f}fi"eﬁ{ﬁF £57 gesytty fom the zélleéRbﬁI? }?é?ﬁSiFéf A A
bui | d 3,pr pfdd erQf s.2R6Q0d0f 1BRGKe if Repedied %de&&h&@ﬁm EWahé MRA@ P Branches of
performance, the result I's accunul at eg over ns slots. A counter, which
runs from Oetrece2E8%igriab Thsedtpuo fikeefhe indepkndsht T el Qdsinchane thentaeuprletad e
ts,? a\r/\{”scgf E gr?d g%)%? g%%%sgrgﬁﬁleq}h?%n%g ugulgrg‘%e%%danrl]éj[hggsl(g i%ﬂ)‘lel;(gﬂtﬁlgct%g A $fock -
depicted in Figure 2.

15 1) Implementation 1: The sum from the 2nd FIR is squared and added with the output
from the other branch.
2) Implementation 2: The magnitude of the sum from the 2nd FIR is added with the
output from the other braﬁch.

20 The end result is stored in a 16-bit memory location to build a profile 0f 2560 in length. In
order to achieve improved performance, the result is accumulated over n; slots. A counter,
which runs from 0 to 2559,'is used to keep track of the position in the profile to which the
results should be accumulated and written. This counter starts after 255 chips time from
the start of the correlation to compensate for the flushing of the FIRs.

25
Due to the use of sign bit for the output from the Ist FIR, the maximum value from the

output of the 2nd FIR is £16.

Calculation 1 : After the square operation, the maximum value becomes 256 (8-bit
30 unsigned) and this maximum value turns into 512 (9-bit unsigned) after the summation.

For 16-bit memory, the maximum number of accumulations allowed is 16 - 9 = 7-bit,



the start of the correlation to conpensate for the flushing of the FIRs. 25
Due to the use of sign bit for the output fromthe 1st FIR the nmaxi num
val ue frowmgdhezpetput of the 2nd FIR is 16. Cal cul ation Ipcr/&di®bozbhe
square operation, the maxi num val ue becones 256 (8-bit 30 unsigned) and
this maxi mumvalue turns into 512 (9-bit unsigned) after the sunmation.

For 16-bit nmenory, the maxi mum nunber of accunul ations allowed is 16 - 9 =
7-bit, WO 02/073823 PCT/ SGO1/ 00039 -13dlwhich is equivalent to 128.

Cal culation 2 : After taking the magnitude, the maxi mum val ue beconmes 16
(4-bit unsigned) and this maxi nrum value turns into 32 (5-bit unsigned)
after the valichiRtdq@ivaldn@to 128. 16-bit nmenory, the maxi mnum nunber of

accurrul ations allowed is 16 - 5 = 11-bit, which 1is equivalent to 2048.
Therefore, the maxi mum nunber of slot accunul ations can be up to. 128 for

| mpl ement g?&z&ﬂaho;@@ - 2048 {-@ng! R ﬁﬂgﬁhﬂel R ZoRGhRhEvAR BECsThéOWEOLLHiES.

At the end of 10 the accumul ation, the PLP shall read the profile stored
in the nenosigneddenddbistifymumeapedkmsine H2i(drpit upsissepedrr theeumngiion. For
correspon t.0o the receiv I n | ' Ragul 4 s :

Stat i ot os o1t Pie R BE i G RhotRE B Rt B8N AT S ke
docunent 3& chSRElchB3® ¥B82. 0 "Requirenents for Support of Radi o Resource
Managenent (FDD) (Rel ease 1999)", are wused in conjunction with the
assunption of zero frequency error in the receiver. Figures 3 to 7 show

si mul at i onpestdld S tHeOrmixiRl@MRNERE: 05 Llott Recusdillaiond e@nenabi e®. 1220fobi nce
the clock rate is higher than the chip rate (e.g., 8 tines), the algarithm
for findi rigpi¢mentaiéark! pet?Q48dar mramenationsbefopcan PGHIQY 8F5Ure B4 iecRrigf
takes |gosyl DA GHAL e STIE8ANREG @S BHTRE ol in HEmEXb Ak BEIFP A gl tO
start another siot syrichroni sation, 1nh case the current synchronisation is
in error (lecgion. bhhispextlbcation herrépRhds toshdrestived sidhmnefdaye, t he

Simulation Results And Statistics

15 In the simulation, the parameters given in Table 4-1 of the document 3G TS25.133 v3.2.0
“Requirements for Support of Radio Resource Management (FDD) (Release 1999)”, are

used in conjunction with the assumption of zero frequency error in the recetver.

Figures 3 to 7 show simulation results for implementation 1, the squared combination.
20
Since the clock rate is higher than the chip rate (e.g., 8 times), the algorithm for finding the
peak position from the 2560-location profile typically takes less than 1 slot. It can be
assumed that the extra time required to start another slot synchronisation, in case the
current synchronisation is in error (e.g., by checking the PAR), is 1 slot. Therefore, the
25 acquisition time statistics (shown in Table 2) can be constructed from the detection

probability table shown in Table 1.

Let:

r = number of attempts (retries)
30 Py = detection probability

P, = error probability



25 acquisition tinme statistics (shown in Table 2) can be constructed from
the detection probability table shown in Table 1. Let: r = nunber of
attenpts woeizo7ee} 30 Pd = detection probability Pe = errroT/Scobaispl ity WO
02/ 073823 PCT/ SGO1/ 00039 -12- to = acquisitiontinme Pe =1 - Pd 5 After r
attenpts, Pd =1 - Per to =r x (n5 + 1) slots From Figure 8, assum ng a
desired Pd of 95 % ns = 15 should be chosen. 10 Figures 9 to 13 show
simulation results for inplenmentation 2 12t-he magni t ude conbi nati on.

Simlar to inplenentation 1, the detection probability, error probability
and acquisition tinme for inplenentation 2 are given in Table 3 and Tabl e
4, respectt: Felcquisiti®nfmmm Fi gure 14, assuning a desired Pd of 95 % ns = 15
shoul d be chosen. Advantages of the present invention include: 20 The
adoption of sign bit after the 1St FIR reduces hardware significantly at
the 2nd FIR  Thusithg overall cost should be reduced; The use of only 241
taps for the 2d FIR instead of 256 taps helps to reduce the hardware

requi renent; 25 The use of sign bit facilitates use of the accumnul ation

i nst eadsof xauer aging.when the results are witten to the menory. This

typi cal Iy ‘avoi ds the ‘possibility of rounding or truncation
Pd=1-Per

t,=r X (ns+ 1) slots

From Figure 8, assuming a desired Py of 95 %, n; = 15 should be chosen.

10
Figures 9 to 13 show simulation results for implementation 2, the magnitude combination.
Similar to implementation 1, the detection probability, error probability and acquisition
time for implementation 2 are given in Table 3 and Table 4, respectively.

15

From Figure 14, assuming a desired P4 of 95 %, n, = 15 should be chosen.
Advantages of the present invention include:

20 The adoption of sign bit after the 1** FIR reduces hardware significantly at the 2™ FIR.

Thus the overall cost should be reduced;

The use of only 241 taps for the 2" FIR instead of 256 taps helps to reduce the hardware
requirement;

25
The use of sign bit facilitates use of the accumulation instead of averaging when the results
are written to the memory. This typically avoids the possibility of rounding or truncation

error caused by averaging;

30 Accumulation is used for storing the correlation results instead of averaging. This saves

hardware for an averaging operation;



error caused by averaging; 30 Accunulation is used for storing the
correlation results instead of averaging. This saves hardware for an

aver agi ngwepereatg2on; WO 02/ 073823 PCT/ SGOL/ 00039 - 13 The granstwafososbor t he
1St FIR can be reused for the secondary synchronisation since the
secondary synchroni sation construction is simlar to the primry

synchroni sation; 5 Inplenentation | has a detection probability of 96.7 %
in an AWGN channel (see Table 1) when-&Zcunul ated over 15 slots.

| mpl enentation 2 has a detection probability of 96.2 % when accumnul at ed
over 15 slots under the sanme channel condition as Inplenentation 1. Two
preferred nethods of slot synchronisation for an initial cell search have

been 10 di_sclosed. |Ipplenmeptation 1 has.a slightly higher hardware

requir enerﬁhebll?trg‘iv?fﬁ_rfgg@%f 1 géﬂ% 6%%6@“*6%‘5&?@0&?@;’@%? i P% sgicefigs,
there has ;bepR.Rr QhtEedishirPGaMhAABE & Whilbr {ot8e PiSERMyniRYRBAIRN, a net hod
for slot synchronisation for an initial cell search which satisfies the

advant ages set forth above. 15 The invention nay al so be said broadly to
consist.in.t , e ¥ r Lind] hn
the spebi feairaRidd | RL Rl PRSI b 1 S S o LT Py
or all conbheadcdcomslanéd dven 16rslamrimpbdmeddtibnphhisa deteeimantrebanlityedt 29> and
where specjific integers a nti.oned herein i ch_have known equivyal ents
in the arﬂ“?%“ﬁﬁW@Hg%@‘Pﬁéﬁ?ﬂggﬁPP%ﬁg?gpgi@?WHQG@Hm?ﬁ%ﬁ%hgaﬁgﬁg?g%?g'are
deened to be incorporated herein as if individually set forth. Al though

the preferred enbodi nent has been described in detail, it shqﬁLghbe
under st oodT'we Harefoyiedi Bethodn et sEebeniselion JAS anaiiial| ¢ SFThI¥arPse

made her ei ne i i i ; i [ rom
The selhe dpelUeALALRAL X ol Sty hibhielfor@idre fegIRHent SRALLRC
her ei naf t eperfolrmanedcom@raib0maBa8nREP 3G0L/ 00039 - 14

Thus, there has been provided in accordance with the present invention, a method for slot
synchronisation for an initial cell search which satisfies the advantages set forth above.
15
The invention may also be said broadly to consist in the parts, elements and features
referred to or indicated in the specification of the application, individually or collectively,
in any or all combinations of two or more of said parts, elements or features, and where
specific integers are mentioned herein which have known equivalents in the art to which
20 the invention relates, such known equivalents are deemed to be incorporated herein as if

individually set forth.

Although the preferred embodiment has been described in detail, it should be understood
that various changes, substitutions, and alterations can be made herein by one of ordinary
25  skill in the art without departing from the scope of the present invention as hereinbefore

described and as hereinafter claimed.



The clains defining the present invention are as follows: 1. A nethod for
sl ot synchronisation for an initial cell search, using two finite inpulse
response Wd Ro7dgbt ers, the nmethod including the steps of :pca/sGo1/00039
synchroni sati on hardware of the user equipnment (UE) receiving an | and a Q
signal; sinultaneously calculating the results froma first FIR for the |
and Q signals; sinultaneously obtaining the sign bit after the first FIR
for the I and Q signals; sinultaneousr$4calculating the results for the
second FIR for the | and Q signals; 10 processing the second FIR for the |
signal and the second FIR for the Q signal wusing an algorithm thereby

provi di ng Tae kit degidinsabel biesent Shvehiio atehs fagewstul ated results fromthe
algorithmin a nenory location; successively processing the second FIR for
the I signal and the second FIR for the Q signal according to the

I ith t h I ' i dif t. . t oLl 1
Cucoessi ve accdmiapih Paefi ool ke iRl e 4R ke loc BrlD o,

processor ifBLi) répRdiNEIRNEIEMC TR IBdNG RERdMY tat e@ps 6Sul ts from the menory
| ocation and searching for the peak |ocation which_corresponds to the

actual 5slot bowneopisatiqn hardwarrephde Heer gaunmReti (WE| BrsHDE fhéradn2 (Re
al gorithmincludes: determning the square of the sum of the conponents of
the second ¥R for the | si ghal, and adding this to the square of the sum
of the conponendiguRindobsly secontndiiR tailtstfiven @ fabgFIRl for the TJrande siphakss
claimed in claim1, wherein the algorithn1include§% detggﬁjni -t h 25

i 8 R Refgmdy

magni t ude of t hemylipneonsly PbtAEHAD BIsSHTsDIbpiterHBe SEt SiH 1R &&PaSi gnal ,

and adding 1t i 8 b ddiBaRARLEHAS aR bl 51 HeAbedBIROBP RN QiR

second FIR for Yhe SI' g as clarnmed i n any one O _
clainms1d to 3, phesging thbecendufiRl furate Irsgmal tad dresesond ER ifar &hel ©- Hiznal

gECT”;) g&%&g& Ell%gggi’ltjhirrll,dmgre {I%Icivlic?mg ];cc%?n% atfisc? relsgl[c]sg,l th. 30 V0 02/073823
. storing the accumulated results from the algorithm in a memory location;
successively processing the second FIR for the I sigﬁal and the second FIR for the
Q signal according to the algorithm, over the sthe location in different slots and storing
15 the successive accumulated results in the memory location; and
a physical-layer processor (PLP) reading the successive accumulated results from

the memory location and searching for the peak location which corresponds to the actual

slot boundary.

20 2. A method as claimed in claim 1, wherein the algorithm includes: determining the
square of the sum of the components of the second FIR for the I signal, and adding this

to the square of the sum of the components of the second FIR for the Q signal.

3. A method as claimed in claim 1, wherein the algorithm includes: determining the
25 magnitude of the sum of the components of the second FIR for the I signal, and adding

this to the magnitude of the sum of the components of the second FIR for'the Q signal.

4. A method as claimed in any one of the claims 1 to 3, wherein the accumulated
results are stored in a 16-bit memory location to build a profile of 2560 in length.

30



5. A nethod as clained in any one of the clains 1 to 4, wherein the
successive accunulated results are accumul ated over ns slots and averagi ng
is not usewo02B73883net hod as clained in any one of the cl aipaa/SiGoo0@39
wherein the peak |ocation 5 corresponds to the received slot boundary. 7.
A method as clainmed in any one of the clains 1 to 6, wherein the required
hardware at the second FIR is reduced due to adoption of the sign bit after
the first FIR 10 8. A method as cl ai md-in any one of the clainms 1 to 7,
wherein the second FIR uses 241 taps, instead of 256 taps. 9. A nethod as
claimed in any one of the clains 1 to 8, wherein the nethod avoids

roundi ng @ trunaadthed aerdmed dusad diy cfvéradiing. 1 15 4] Ovhebeinehbadcassive
claimed in any one of the clains 1 to 9, wherein hardware for the first
FIR i s redsailaied rRelsase Aepm s st Bn POt a0 VerPEINgAs RRt #6¢ as cl ai med in
claim2, wherein a detection probability of approximately 20 96.7 %is
obtained in an AWGN channel when accunul ated over 15 slots. 12. A nethod as
cl ai med i s.cl ai mn3thodhes elaimad dedmyconeoot the abains| i toy5 oWvhappr Gxipeslt édoptiods. 2
%is obtained in a AWGN channel when accunul ated over 15 slots. 25 13. A
met hod ¥ orcogiesRonsls e Hrcoisreided Jat YWRAYN- i nitial cell search, substantially
as herein described with reference to the acconpanying figures and tables.

7. A method as claimed in any one of the claims 1 to 6, wherein the required

hardware at the second FIR is reduced due to adoption of the sign bit after the first FIR.

10 8. A method as claimed in any one of the claims 1 to 7, wherein the second FIR

uses 241 taps, instead of 256 taps.

9. | A method as claimed in any one of the claims 1 to 8, wherein the method avoids
rounding or truncation error caused by averaging. '

15
10. A method as claimed in any one of the claims 1 to 9, wherein hardware for the

first FIR is reused for the secondary synchronisation.

11. A method as claimed in claim 2, wherein a detection probability of approximately

20 96.7 % is obtained in an AWGN channel when accumulated over 15 slots.

12. A method as claimed in claim 3, wherein a detection probability of approximately

96.2 % is obtained in a AWGN channel when accumulated over 15 slots.

25 13. A method for slot synchronisation for an initial cell search, substantially as herein

described with reference to the accompanying figures and tables.



