-1- SECONDARY SYNCHRONI ZATI ON SEQUENCES FOR CELL GROUP DETECTION IN A
CELLULAR COVMUNI CATI ONS SYSTEM 5 BACKGROUND The present invention rel ates
to met hods and apparatuses for identifying cells in a cellular

comuni cation system In the forthcom ng evolution of the nobile cellular
standards |ike the 10 d obal System for Mobile Comunication (GSM and

W deband Code Division Miltiple Access (WCDMA), new transm ssion

techni ques |i ke Orthogonal Frequency Division Miltiplexing (OFDM are
|ikely to occur. Furthernore, in order to have a snmooth mgration fromthe
exi sting cellular systens to the new high capacity high data rate system
in existing radio spectrum a new system-has 15 to be able to utilize a
bandw dt h of varying size. A proposal for such a new flexible cellular

e R R e e

to operate on bandw dths ranging from1.25 MHz to 20 MHz, 20 Furthernore,
data rates up to 100 Mo/s will be supported for the | argest bandw dth.
However, it is expected that 3G LTBAGKGRowNBed not only for high rate
services, but also for |lowrate services Iiohe voice. Since 3G LTE is

desi gned for TranshISEPSR BEHREPRFClassdp SICHIONT MAAPRERUES SYGLBID bR/ | P) |

Voi ce over | P o{NQh PretMidrlcombdiomidagyidle. service that carries speech. 25
The physical layer of a 3G LTE systemincludes a qeneri c.radio frane

having a duration oft thefpstheqmiag eyolytion g theqpebdle sl Endaisiig #90. Each
frame has g0 ¢i.psdpmRe B0 chbhtRMZRickAGSVDaRA Wikiland &¥idWivaicdur at i on of

0.5 ns. A sub-frane is nade up of two adjacent slots, and therefore has a
duration of | MultiploAecasniBEPNHY. eevpEersmisiop Trehpiguesike Qstreenel f uncti on.
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order to have a smooth migration from the existing cellular systems to the new
high capacity high data rate system in existing radio spectrum, a new system has

15  to be able to utilize a bandwidth of varying size. A proposal for such a new
flexible cellular system, called Third Generation Long Term Evolution (3G LTE),
can be seen as an evolution of the 3G WCDMA standard. This system will use
OFDM as the multiple access technique (called OFDMA) in the downlink and
will be able to operate on bandwidths ranging from 1.25 MHz to 20 Mz,

20  Furthermore, data rates up to 100 Mb/s will be supported for the largest
bandwidth. However, it is expected that 3G LTE will be used not only for high
rate services, but also for low rate services like voice. Since 3G LTE is designed
for Transrnission Control Protocol/Internet Protocol (TCP/IP), Voice over IP
(VolP) will likely be the service that carries speech.

25 The physical layer of a 3G LTE system includes a generic radio frame
having a duration of 10ms. FIG. 1 illustratcs one such frame 100. Each frame
has 20 slots (numbered 0 through 19), each slot having a duration of 0.5 ms. A
sub-frame is made up of two adjacent slots, and therefore has a duration of I ms.

One important aspect of LTE is the mobility function. Hence,

30 synchronization symbols and cell scarch procedures are of major importance in

order for the User Equipment (UE) to detect and synchronize with other cells. To

facilitate cell search and synchronization procedures, defined signals include



order for the User Equipnent (UE) to detect and synchronize with other
cells. To facilitate cell search and synchronization procedures, defined
signals include -2- primary and secondary synchronization signals (P-SyS
and S-SyS, respectively), which are transmtted on a Primary

Synchroni zati on Channel (P-SCH) and a Secondary Synchroni zati on Channel
(S-SCH), respectively. The P-SySs and S- SySs are each broadcast tw ce per
frame: once in sub-frame 0, and again in sub- 5 frame 5, as shown in FIG
1. The currently proposed cell search schene for LTE is as follows: 1.

Det ect one out of three possible P-SyS synbols, thereby indicating the 5ns
timng and the cell IDwthin a currentt4 unknown cell group. 2. Detect

frame timng a _ i he: S hi& .1 i ion with
the results r r BamEBnd B SBRohaRIOT il (TSYS aldS A5 FARRARN.ST 1N e
ref erence synbethsh(sad sosmated ed a CG@napi $otkpnizgioddibentel {h8CHghddd D.  The

interested reader i.s referred.to-fhe nt - 062990, end i d "Qutcone
of cell searchcSl A %r?zéﬁncglé%néziag ucﬁaﬁgaq%%sg%% el%sgﬁ%cpt %@téraBéJslS, 2006
for nore infoRyiddronuchbonsticdshivcepreofrasaloncdin sdb-fikmad, srldegdndadbast Channel
(BCH) to receive cell-specifi ystem information. The SyS signals
transm'ttedgon\&t"WS%S‘35§%&v‘éF'eéI§o§struct ed as a pair of sequences, SI, S2
(see FIG 1). The semguemessy popose@tdingsich schbhe forapieaciollostamai n. The
signals to be transmtted on the S SCH shoul d be constructed such 20 that
The"SyS pai r S1. SoT UM AU BB P T P RE GRS Bl s r anre
timng once detggtigtndindiitRecsUEDSHEM § BatentiPeniglvh cBll Glopp.pN- Sequence i s
detected and the UE can start, the verification stegbs(estag,e 3) of the

above- descri bed pr o¢eRgtect(iame timiggrndigell grqupnsige HensSeel TR D det ected from

stage | andgst ag8bidatRinQF8SHE RGNt FFIM §BST BRECan thilicRIoHQF tHeGuiEdli 1M, Ze
interruption tinme when performng 25 I'nter-frequency and I nter-Radi o Access

Technol ogy (| nt er RAT) Ul infeprca symbals (alsosalipd GRlamloss) fordetect the 4¢15W-pe
possi bl e to detgelndbigdGlder YL GRS 1R MaYnt R1CRYM, entitled “Outcome
of cell search drafting session”, TSG-RAN WG #46bis, October 9-13, 2006 for
more information about this proposal.
15 4. Rcad thc Broadcast Channcl (BCH) to reccive cell-specific system
information.

The SyS signals transmitted on the §-SCH are constructed as a pair of
sequences, S1, S2 (see FIG. 1). The sequences are defined in the frequency
domain. The signals to be transmitted on the S-SCH should be constructed such

20 that the SyS pair S1, $2 should uniquely define the cell group and 10 ms frame
timing once detected by the UE such that the cell group pn-sequence is detected
and the UE can start the verification step (stage 3) of the above-described process
(i.e., verification of the cell ID detected from stage 1 and stage 2 processing).

Furthermore, in order to minimize interruption time when performing

25  Inter-frequency and Inter-Radio Access Technology (InterRAT) measurements, it
is desirable that it also be possible to detect the cell group using only one SyS
(i.e., S1 or 82 alone).

Consequently, there is a need for an S-SyS sequence design that will
satisfy both requirements.

30

SUMMARY



(i.e., Si or S2 alone). Consequently, there is a need for an S SyS sequence
design that will satisfy both requirenents. 30 SUVMARY -3- It should be
enphasi zed that the terns "conprises"” and "conprising”, when used in this
specification, are taken to specify the presence of stated features,

i ntegers, steps or conponents; but the use of these terns does not

precl ude the presence or addition of one or nore other features, integers,
steps, 5 conponents or groups thereof. In accordance with one aspect of
the present invention, the foregoing and other objects are achieved in a
met hods and apparatuses that indicate timng paranmeters and an identity of
a particular cell group froma number, M- of possible cell groups in a

signal transmtted ni.cati.on_s en110 t hat enpl oys a
radio frane in a ph&gF%ﬂ¢&?%?ﬂ?aﬂ%ﬁgqﬁédmgmfF%%%E@%ﬁﬁg Y EE snunber of
time slots. Indwhemhwdgn thivespeci flaiammietisen to yodcife shetpraasaiof ttatdd, in a known
one of the ti of the radio fr@gg) ¥ %h onj zation signal, Si,

that conprises™ urf)safnllcg@fs LY Gefreggnerss,; bu ea N @féamffﬁs P Plst or deri ng:
and transni tt ipfgludé thepnRtitebr k¥QWA B8 f mbSHet RS Theg@i, stehbg radi o

frame, a 15 synchronlzatlon Sh% %I Sz, that conprises the pair of
sequences, é,,C%PP%PP%HQSBuWﬂ:cﬁ)second ordering, wherein: each nenber of

the pair of sequencBSacchrdance Bith oh@as%@dt%ﬁh%%résérﬁrﬁl@nﬂfno%ﬁ foae%cﬁﬁ)gm{d' sing at
| east NSeq =ceil 1+ 1 +8M 2 different sequences; and the selected pair of

sequences i s uRFGUENSFS deiieren W%thoqsrﬁ@d BRIAFANSGE At ipdiFgte timpegr oup,
wherein i, j Ep&r'ameters,an&lﬁn ldehtitQ8a Sartidtilad cell gﬂﬁp frokSd mpfdeny g of the

sequences is used only for transm ssion in known oné of the time slots
of the radio fPaiile @Herque insetwmbrgsadiidiga e¢llulggommunication system

10 that employs a radio frame in a physical layer, the radio frame comprising a
number of time slots. Indicating these parameters involves transmitting, in a

known one of the time slots of the radio frame, a synchronization signal, S;, that
comprises a pair of sequences, §,, S ; arranged in a first ordering; and
transmitting, in another known one of the time slots of the radio frame, a

15 synchronization signal, 8», that comprises the pair of sequences, S',.,.Sq ; arranged in
a second ordering, wherein:

each member of the pair of sequences, S,,S ;» 18 selected from a group

.(1+\/1+8M]
ceil mm-—2—

comprising at least N, = different sequences; and

the selected pair of sequences is uniquely identified with the particular cell
20 group, wherein 7, je [1,...,Ng,] and S~i # §j..

The first ordering of the sequences is used only for transmission in the
known one of the time slots of the radio frame, and the sccond ordering of the
sequences is used only for transmission in said another known one of the time
slots. Consequently, detection of the ordering of just one pair of sequences can be

25 uscd by a receiver as a time slot identificr, which in turn allows radio framc

timing to be determined.

In some embodiments, the first ordering of the pair of sequences, SH,.,§ ;18

effected by transmitting the sequence S, before transmitting the sequence S ;> and



sequences is used only for transm ssion in said another known one of the
time slots. Consequently, detection of the ordering of just one pair of
sequences can be 25 used by a receiver as a tinme slot identifier, which in
turn allows radio frane timng to be determ ned. In sonme enbodi nents, the
first ordering of the pair of sequences, S'S is effected by transmtting

the sequence S; before transmtting the sequence § ; and -4- the second
ordering of the pair of sequences, S,, Si is effected by transmtting the
sequence Si before transmtting the sequence S,. In such cases, S, and S2

can each be of length n, and each of the sequences S;, S can be of length
n/2. In alternative enbodiments, in which the physical |ayer of the

cellular 5 communication system enpl oys O t.hegonal Frequency Division

Mul ti pl exi ng, eigedr ouderigs Hoe ﬁargf%eﬁ%@ceﬁaﬁm Sof eﬁ%ﬁw@% smiging thg i
effected by transmtting the sequence Si on.a first set of one or nore
sub-carriers, &fftFceRseahshifere pragmitias theseyeniees:sin gishsasseSomdl $E60 of one or
nore sub-carriers. Conversely, the second ordering of the pair of
sequences, S;, ¢S beofigmpbios anl dagh efthnspaienceng. S heandeglisngtb n0 Si on the
first set of one or re sub-carriers, an ransmitting.the guence S; on
the second set of oﬁbnﬁ'i‘ﬂmﬂﬁ"r‘?é“@l%@@&;r‘r"‘i‘g}‘g".tthFﬁhV&ah&Y‘ﬁéfth&IC? Hat i ve

enbodi ment s5 oke@muRGatRfn sfiem BAbLyPDHEEIHETGEfen&ANVRRn A fI8SILA8: DY
generating the synchronization signals S, and S2 in accordance wth: 15 S,

=aS; +RS1; and tgXuf3sdermBof thewnhiepBienuenees) §,,4; s affsttedry tramphittende (3 is a
second nul tiplicand, a Each of the multiplicands, a and (3 , can for
exanpl e be a seajuaticevglone fagndet cZOneQrmes panchriias,and anuntingthesi gnal
anplitude. Alternatively, each of the nultiplicands, a and (3 , can
correspond to amuameusitonof scesrgrsad of pavwer more sub-carricrs. Conversely, the sccond

ordering of the pair of sequences, §.-, s . is effected by transmitting the sequence

10 S ; ot the first set of one or more sub-carriers, and transmitting the sequence 5,.

on the second set of one or more sub-carriers.

In yet other alternative embodiments, ordering of the pair of sequences
can be effected by generating the synchronization signals S| and S, in accordance
with:

: Slza§i+{3§j;and
° S, =S, +as,,

wherein:

o is a first multiplicand;

B is a sccond multiplicand, o = .

Each of the multiplicands, o and f , can for example be a scalar value and

20 correspond to an amount of signal amplitude. Alternatively, each of the

multiplicands, o and B , can correspond to an amount of signal power.

In some such embodiments, the synchronization signals 8 and S; and the
sequences S, and § ; can all be of equal length.

In some variants of such embodiments, transmitting the synchronization

25  signal S; comprises transmitting oS, and RS ; simultaneously; and transmitting



I n sonme such enbodi nents, the synchronization signals S, and S2 and the
sequences S, and Si can all be of equal length. In sone variants of such
enbodi ments, transmtting the synchronization 25 signal S, conprises
transmtting aS, and Q Si sinultaneously; and transmtting -5- the
synchroni zation signal S2 conprises transmtting (3 S, and aS,

si mul taneously. Various aspects of the invention are also reflected on the
recei ver side of the conmunication system in which nethods and
apparatuses are provided that 5 detect timng paraneters and an identity
of a particular cell group froma nunber, M of possible cell groups in a
signal received in a cellular communicat¥on system that enploys a radio
franme in a physical /| ayer, the radio frame conprising a nunber of tine

Sl ots incl udi nYCEREHIHENY) 6! SEOBRTHE TR e SyHE froni zat i on . channel .
Such detectionﬁkgﬁh%gﬁﬁ receiving, in one of the tine slots associated 10
with the synchronlzatld% channel, one of first and second synchroni zation
signals, S, and S2yanduergictts bfike fuvesionsynddurofitzatdnahe scgrmkidSpf conpri ses

a pair of sequences, S:.Sj arranged.in first otgﬁrin an e, second
Syhehr oni zat olfe camghaadss e e RS iprbBRiaRCeE et B ° ST an e
in a seconds or deedt fighing garancdert eikndednéityd Medrivhiac bellafrowp frabrh@timbdr,
predefined sequences best matches the 15 .received sequence S" which of the
Punber of - pr edlk PO EHAEE Bestemmurened i f FHE COTpRUCLEnaBHED o | and
whet her the paitat @hplé RGELYE taB UL PIBBRRaISaycr She WIS an® doaipgadg hn the first
ordering or the second ordering, ein the nunber of predefined

) er .
sequences is sBITBRY &P élﬁisanféu*cfeftﬁotwe_dm%@? Frgoaticd WHR R SRSRENEAEBI | ~ |+ | 2
8M different SRAHANSES: detltdBcRALLEGIIIRY, iCHelof QMR disls hdekdd | ed by
performng a cell group identification process that includes determ ning
wi th whi chl@el Withtsupnirnifstpy chepnclraeef fabardeyerdarchragizatian jignafss yni quel y
associ ated. |tgj§qal SPheldl Bk HrSthchRnidikioaNs @ptilR alpy@ of i Me sl ot's
associated with the synchroni zation channel the one of first and second
synchroni zat i oseqaéigeglss, Swaganged & & #dt Byleritgi ang thenkamdayichrontAddn

signal S; comprises the pair of sequences, Sﬂi,g , arranged in a second ordering. It
is then determined which of a number of predefined sequences best matches the

15 received sequence S~f , which of the number of predefined sequences best matches

the reccived sequence S ;» and whether the pair of received sequences 5,8 . were

arranged in the first ordering or the second ordering, wherein the number of

predefined sequences is sclected from a group comprising at feast

.(I+\h+8m{}
N. =ceil #

Seg = different sequences.

20 The particular cell group is identified by performing a cell group

identification process that includes determining with which cell group the pair of
received sequences, §,.,§ ;» 18 uniquely associated. It is also determined in which

one of the two time slots associated with the synchronization channel the one of

first and second synchronization signals was received by using information that
25  indicates whether the scquences S, S , were received in the first ordering or the

sccond ordering.



25 indi cates whether the sequences Si, S were received in the first
ordering or the second ordering. -6- In yet another aspect, identifying
the particular cell group by determining with which cell group the pair of
recei ved sequences, S,, §j, is uniquely associated conprises using the
pair of received sequences S" S to locate an entry in a |ook-up table. 5
In still another aspect, using information about whether the sequences S
S, were arranged in the first ordering or the second ordering to determ ne
in which one of the two tine slots associated with the synchronization
channel the received one of the first and second synchroni zation signals
was received conprises using the pair of- recei ved sequences 9i, 9j to

[ocate an entry In fioBltinct i, 4aRliGus LR ANOLILCIIFRRM qeighher to rely

on just one or both cerve Poni Zat1 o s can be made

dependent on t Rethtwipeh @fl gmblthes@w&hedaﬁbmcqu&ﬁémrmds ufidelyexanpl e, such
enbodi nents can include receiving, in an other one of the tine slots

associ at ed wi t Bsdhbigres mﬁlhrs@mswgtth@gsmeM&wed s@heRLO ST SORA0Qke shenidpe first

and second synchroni zation signals. is then determ hed whether a type
of cell searchimpi bokdptaid o be perforned is an inter-frequency cell search

d , ter- tech d
hra cel| Ssearch BrobeGeie S sHEE COpaTor Bert ~ Saks bR BREEeaur e Lo be
performed is ngne. Wer%élﬂﬁgegidnnﬂ%ﬁ otrdér%%qgh@rségoﬂc?grd L?QQ thexgriRtHéePnu”ber of

pr edefi ned sequénées est mat c recel ved sequence t he ot her

one of the firshicnte SO tidy AR ra%bx%t%& o t8d @H&h&uza\{\feh ehunRE) thne nunber
of predefined sequences best matches the received sequence S, of the other

one of the fi r5%0615%0%8%18@%é%ﬁ@%#yzlalﬂlp@ﬁa@ngmépls wagrFgeiigtet her the pair
of received seguences i rst. and second

S
synchroni zat i ol s?%s%Ylmﬁg?gﬁl?ﬁgﬁﬁmagﬁﬁw?%% flrgfbﬁge%}ﬁgpfﬁé BK t he

second ordggi ngy tk& such cases, the cell group identification process
further includes determnining mﬁth whi ch cell group the pair of received
In another aspect, whether to rety on just one or both of the received

synchronization signals can be made dependent on the type of cell search being
performed. For example, such embodiments can include receiving, in an other
one of the time slots associated with the synchronization channcl, an other one of
15 the first and sccond synchronization signals. It is then determined whether a type
of cell scarch procedure to be performed is an inter-frequency cell search
procedure, an inter-radio access technology cell search procedure, or an intra-cell
search procedure. Ifthe type of cell search procedure to be performed is none of

these, then it is determined which of the number of predefined sequences best

20  matches the received sequence S, of the other one of the first and second
synchronization signals, which of the number of predefined sequences best
matches the received sequence S ; of the other one of the first and second
synchronization signals, and whether the pair of received sequences S, S ; ofthe
other one of the first and second synchronization signals were arranged in the first

25  ordering or the second ordering. In such cases, the cell group identification

process further includes determining with which cell group the pair of received
sequences, S:,S' ;» of the other one of the first and second synchronization signals

1s uniquely associated.



sequences, Si, Sj, of the other one of the first and second synchroni zation
signals is uniquely associated. -7- BRI EF DESCRI PTI ON OF THE DRAW NGS The
obj ects and advantages of the invention will be understood by reading the
followi ng detailed description in conjunction with the drawings in which: 5
FIG 1 is an exenplary radio frame suitable for comunications systens

like the 3G LTE system FIGS. 2(a) and 2(d) illustrate a nunber of
exenplary alternative ways of constructing the synbols Si (1< _i<_2) from
sequences S;, S in accordance with an aspect of enbodi nents consi stent
with the invention. 10 FIGS. 2(b) and 2(c¢) show alternative arrangenents in
the frequency donain of sub-sequences tfat nake up each of the SyS
sequences S| and S2 in accordance with an aspect of alternative

enbodi nents consistent with the invention. FIG 3 is a flow chart of

exenpl ary processes/ st epBRIEFTNESERIBFION OEWWHE PRAWINGSa UE for uti lizing

the | nventive secondas ¥, eYnGRIGNLEAL AMSHIROLE iPy. ARLEITLBF L8k o OuP

and frame tining in acc i men consi 2with the
i nventi on. DETAY B DESORRIRTIdOMriOOT ime:ongianctt'@usmfhem dreemgoin whieti nventi on

will now beSdescrl b% Vi‘1§£‘nc§x% g 1%(310 éa?ne .5111 I%lflrcoer% rlugatlvomnsl, stcmske parts
are identified with e sane r rence charac er SSUHRECVEN Bus aspects of

t he invention ke thers@L Desydescri bed in greater detai I in connection with a

Mventi on, many ashERES 200 THhe) Widms EhiniE e felBriboatPREI SRR T ' 1
sequences of aghiRidhOguRBIIONTE DYrdh SRR, qf 52, CRmRLES wRstem or

ot her hardware capabl € of “executing proogranmed instructions. It will be
recogni zed t hatan aspee@EBmobdiinbis eFRRELMRAE the idJeBgtiorar i ous actions coul d be

10 FIGS. 2(b) and 2(c) show alternative arrangements in the frequency
domain of sub-sequences that make up each of the SyS sequences S1 and 82 in
accordance with an aspect of alternative embodiments consistent with the
invention.

FIG. 3 is a flow chart of exemplary processes/steps performed by circuitry

15 ina UE for utilizing the inventive secondary synchronization symbols to
determine cell group and frame timing in accordance with other embodiments

consistent with the invention.

DETAILED DESCRIPTION

20 The various features of the invention will now be described with reference
to the figures, in which like parts are identified with the same reference
characters.

The various aspects of the invention will now be described in greater

detail in connection with a number of exemplary embodiments. To facilitate an

25  understanding of the invention, many aspects of the invention are described in
terms of sequences of actions to be performed by elements of a computer system
or other hardware capable of executing programmed instructions. It will be
recognized that in each of the embodiments, the various actions could be
performed by specialized circuits (e.g., discrete logic gates interconnected to

30 perform a specialized function), by program instructions being executed by one or

more processors, or by a combination of both. Moreover, the invention can



performed by specialized circuits (e.g., discrete |logic gates

i nterconnected to 30 performa specialized function), by program

i nstructions being executed by one or nore processors, or by a conbination
of both. Moreover, the invention can -8 additionally be considered to be
enbodied entirely within any form of conputer readable carrier, such as
solid-state nenory, magnetic disk, or optical disk containing an
appropriate set of conputer instructions that would cause a processor to
carry out the techni ques described herein. Thus, the various aspects 5 of
the invention may be enbodied in many different fornms, and all such forns
are contenplated to be within the scope®of the invention. For each of the

various aspectgdd@bndiReecichYsfidbddaN pe éﬁ%d%&%tifew muah aﬁﬂ#&@ﬂbﬁ&ﬂﬁﬁ:t&ﬁy be
referred to herein as$ "logic configured to" perform-a described action, or

al ternativel y d8adablggpreicy, pueh as sqdidrstaie msmaryd ewerdtipdigk.asppiéenl diglo An aspect of
enbodi nent s consj t, W -he. J,, Q0 ;1 ey f a mni num
anount of S—Syg%g%gh ﬁ%g%&ﬁggﬂgﬁﬁ?%&§3%32P§§Fﬁgﬁ?2%%%%@%%%ta?hat the pair
[Si, S2] uni quatryceghef formagy piahcletliniquendgyoalred Hereamel b, thargrioanaperts t he sane
time al so kes. clit, - j o detegt: th al | _usi |y one S SyS
(i.e., onIg%onéf#%§ﬁﬁﬁﬁ%$&%%g:%%%F%Fg}%B§5§?$“Tgk%ﬁgfﬁi¥P%§%gﬁ ?@ t he
provi si on of nebhedplamdde bppahiathesespetdfidite intdntiba eFdrhkech dif@weriomsnt i oned

S- SyS sequences,f | 1. group detection.. To facilitate a better .
under st andi ng %?Wﬁﬁé&ggﬁ?%ﬂgngglé%ﬁgkg?‘ﬁﬁ589%§£ﬁ?ﬁ%ﬁ%e“gﬁggﬁ%ﬁﬂgﬁjng
descri pti on asssfilegicaonfeesnipbapeyfonh agescZbgl aties,r alerbdi@ell RE"10gk lthat'sear ch
procedure; that 35 Q%%I_grﬁgg.detection. However, the invention is not 20
limited to thi $EREREUPSOEREd nent, but rather is applicable to any
conpar abl e 10r adi 0 canMEYRHcCAtDOSinRAM ichRiWIRD vith i hiarisoisehe frbd@sisequences
descri bed bel ow.can be defineggggg%detected in boﬁg ghe tinme and frequency
dormmi ns, and t R&*SYHEPISERTESHTSE IR FArGEEP 1eadey o SaSAAREARICTFRE thoh qof £ - Chu,
M sequences, et pairdSE SHQhiqublFidb@ds e e @rdup uaD LS timﬂ%, H De@isamt he

di scussi on, as?%gﬁm$q€éwgﬁuniq?e_ce[l roups are needed and
possible to detect the cell group using only one S-
SyS (i.e., only one member of the pair [Sy, S2]).
15 Another aspeet is the provision of mcthods and apparatuscs that utilize the
above-mentioned S-SyS sequences for cell group detection.

To facilitate a better understanding of the various aspects of the invention,
the following description assumes an exemplary stage 2 process in the LTE cell
search procedure; that is, cell group detection. However, the invention is not

20 limited to this exemplary embodiment, but rather is applicable to any comparable
radio communications environment.

Furthermore, the sequences described below can be defined and detected
in both the time and frequency domains, and the exact sequences utilized (e.g.,
Hadamard, pn, Zadoff-Chu, M-sequences, ctc.) are not limited by the invention.

25 To begin the discussion, assume that M unique cell groups are needed and
that each cell group is uniquely associated with a pair of sequences S, S T
Furthermore, taking 3G LTE as a non-limiting example, assume that the S-SyS
symbols that are transmitted at two locations per frame 100 (e.g., in subframes 0
and 5, the first transmission within the frame being labeled S, and the second

30 transmission within the frame being labeled S;) are each created as a function of



that each cell group is uniquely associated with a pair of sequences S;, Sl
Furthernore, taking 3G LTE as a non-limting exanple, assune that the
S-SyS synbols that are transmitted at two | ocations per frane 100 (e.g.,
in subfranes O and 5, the first transm ssion within the frane being
| abel ed S, and the second 30 transm ssion within the frane being | abel ed
S2) are each created as a function of -9- these sequences. That is, S =T,
(S" SzZ) and S2 = f2 (S, S2 ). The detection of at |east one of these
sequences shoul d al so give informati on about where subframe 0 is placed.
The | owest nunber of sequences that provides all of the above information
can be determ ned as follows: Let Nseq e the number of sequences 5 needed

to represent the Mcell groups._Th er.of p i e..copbi pations of
t hese sequence ,esetsgﬂ‘é‘?ﬁm?w?lﬁtt‘&agl ﬁff/eé,l%a@fi 3eﬁfg@§“t§gie‘ E@Fp&g%g?lb?fo%eq -
(Nsq -1) -2 . The m njnmum val ue of that . wll allow M ce roups to
be represent ed'@4ME R ﬁfiessaequsm?aSh%h%@&wﬁ@émﬁlwboww(ﬁ%%ﬂ%‘? ) M (1)
2 10 This | eads fied hend 0k nwinger @0 aQuaickSthepiadii®nll oRgR@boveNseq - 2M = 0
(2) Applying the well-known quadratjc fornul a éor finding the roots of a

quadratic  equitgRtoRe tridgganpebas sy &t My Be BaPYRPE LT EEG that
satisfies the ahouern &%@%Mtﬁ@}?ﬁcﬂ kSup8l YRMuber dEpobsei6 combitatBN 68) 2 In
e

practice, Nseq cannot permtted to be a non-integer nunber, so the
m ni num accepthad sap@Eesgekentaogba BMeNS &iyen BY HicwspeRiPiNSeg =cei | ~1 + 12 8M

(4) where cel ) s 3 EANGEL A IALLLOUPSS. b, ATABIBRL s he near est

i nteger. 20 Usi Ny . ove I'na sinple exa e, suppose it desired to
represent  M=340,didd:peeenh aehbl rAhAUPKBdhiteUningue conbi nations (pairings)

of sequence
NSeq ' (N.S'eq - 1)

=M 1
5 (1)
10 This leads to the following quadratic equation:
N.S%eq—Nch_ZMZO (2)

Applying the well-known quadratic formula for finding the roots of a quadratic
equation, one finds that the positive value of Ns,, that satisfies the above

requirements is given by:

15 Ny, = T+ V1+8M Vl;'SM (3)

In practice, Nse, cannot be permitted to be a non-integer number, so the minimum

acceptable integer valuc of N 1S given by

i1{1+-\/1+8M )
2

N, =cc

eq

(4)

where ceil( ) is a function that rounds its argument up to the nearest integer.
20 Using the above in a simple example, suppose it is desired to represent
M=340 different cell groups with unique combinations (pairings) of sequence

values. The minimum number of sequences required in this instance is:

A.l{1+\/1+8-340 }_Ce” [1+\/1+2720 ]
2 2

=27, (5)

Ny = CCI

A reason why it is desirable to minimize the number of sequences needed

25  is to reduce the complexity of the processing required in the UE for detecting the



val ues. The m ni mum nunber of sequences required in this instance is: N
=ceil ( |+ 128340=cei |l (1+ 1 2 2720 1=27. (5) seq - Il 1I\ J A reason why it
is desirable to m nim ze the nunber of sequences needed 25 is to reduce
the conplexity of the processing required in the UE for detecting the -10-
cell group. FIGS. 2(a) and 2(d) illustrate a nunber of exenplary
alternative ways of constructing the synbols S; (1:5i1 < 2) fromSi, Sl
Wth reference to FIG 2(a), a first exenplary enbodi nent involves
transmtting, as the synbol Si associated with the particular cell group,
the 5 corresponding pair of sequences Si, S (i ~j), wth the order of the
pair (in either the tine or frequency -démai ns) indicating whether the

Lranei ed, YaRole b SR D FA AR Rl "

exanpl e, ory, need not be of equal

| engt h, but !nopéoa@tmcﬁggm@g%fm@a@s,-qb@?gagh{am pesso.) For exanple, a tine
domai n enbodi nent woul d i nclude transmtting ‘as 10 the secondary

synchroni zat i g_n si gg&ggef&;eré(?_e tSiFIG.SiIa)(iﬁﬁ;cc exefriplagy erhb@Na#it trtvbigs S, danﬁ t hen
transnmitting and, =S,.S.(i.e., first transmtting Si and then
transnitting s’f%r?smféla&ﬁs Flﬁcfif’éib‘?%rga%sé‘?‘“%?d( wﬁiﬁwcww I&W}g’n@ﬁ donai n
enbodi nent s appl.yl ri-nei sl Bl ust ra i , ). mt the
sequences Sl5 ag(g%g?&glg%a?glrﬁgc%&sﬂc% Swgftﬁ%}(r))f Rﬁqg{c;bfgéﬁpgftehggfﬁ% Sﬁéﬁﬁm on of

the synmbol S, bRt RhMNERG RS HRRENhE bhofetRenSSAURASANL id 9 o8 | oner
set of frequencies and the sequence S, being transmtted "~ in a higher set

of frequenci ess, Thanamgissicach «f S tahé S5 yarivothisSRampslct i tiplpagh 685, @t h the
sequence S, being transmtted in the | ower set of frequencies and the
sequence S; beitrgryt Gﬁﬂﬁiﬁi}t ficed nbtbetofieqlal Bhgth, wetn phctice égyerahesn torhi s
arrangenment 20 is illustrated in FIG 2(b). In other frequency domain
enbodi ment s appt yi-n§ot dxempiej nidinpHemiih bubedimtrtdvouldinFlu® tr@gmittindws sequences
Si and Si are transm tted si rmlt_aneouslg/‘_b Jreans _ of in_terliavl%jlng. For

1 rat: i

exanpl e, gilVentheRgcosddy syrhiopEaipigials SarkC-j el Ening

then transmitting S ;yand S, = Ry ].,S~i (i.e., first transmitting S ; and then

transmitting S*r)in each radio frame.
Alternatively, frequency domain embodiments applying the principle
illustrated in FIG. 2(a) transmit the sequences S, and S ; simultaneously, with for
15 example, transmission of the symbol S, being performed by transmitting the
sequence S, in a lower set of frequencics and the sequence § ; being transmitted
in a higher set of frequencies. Transmission of the symbol S; is the opposite, with

the sequence § ; being transmitted in the lower sct of frequencies and the

sequence S, being transmitted in the higher set of frequencies. This arrangement

20 s illustrated in FIG. 2(b).

In other frequency domain embodiments applying the principle illustrated
in FIG. 2(a) the scquences §,. and S ; arc transmitted simultancously by means of

interleaving. For example, given two sets of frequencies that are interleaved with

one another, transmission of the symbol S; can be performed by transmitting the

25  sequence S, in a “lower” one of the sets of interleaved frequencies and

transmitting the sequence S ; ina “higher” one of the sets of frequencies. (Here,



one another, transm ssion of the synmbol S, can be performed by transmtting
the 25 sequence S, in a "lower"” one of the sets of interleaved frequencies
and transmtting the sequence S, in a "higher" one of the sets of
frequencies. (Here, -11- the words "higher"” and "lower" do not refer to the
sets of frequencies as a single contiguous group, but rather to pairs of
resource elenents associated wwth the interleaved frequencies, so that one
resource el enment associated with S, is on a |ower frequency than the

nei ghbori ng resource el ement associated with S1 .) 5 Transm ssion of the
synbol S2 is the opposite, with the sequence S, being transmtted in a

| ower one of the sets of frequencies andllthe sequence S, being transnmitted
a higher one of the,sets of fr.eguencies..Thi Lr £t IS i strated
in FIG 2(c). {hﬁ W&rqshg}gﬁ%raéiég oW Taotn ?tn%fchg)r%g? %tse%br%%gﬁr}%gﬁ? dsoﬁgl%éf%quency
domain 10 enbadiigsng proup et chettee af pirs o Licyorpeeafi @nalby agsdcncidwdtisha | ook- up
table that associates each sequence pair and ordering with a cell group

i dentifier andinfarlgensd fieaiangies, ie Whﬁﬁifmu(cp.e@m,e“WWHEq% %ifeSdp Beti ng of the
sequence pair indicates sub- frane O or sub-frane 5), so that the detector
can easi |y i delewef frequsecydbin thypeighporngireseyrearierpninsipciatlabwitg Sh-)r ef er ence to
FIG 2(d), another exenplary alternative enbodi nent involves generating
each synbol 5 Si Tagsmeissigsi eftheymbah$of theloppasiseyvafictbe gpaiencs S, beigg (i #./),

wi th each particular pairing being uniquely associated with one of the M
cel | groups. Fuatshétedon e Jovtchenarfohmtetsaff fgueghies oyl thppkliede Sobaegh of the
sequences i ndi cates whet her the sequence pair is being transmtted in
sub-frame 0 20Ugsmytede highcsons.of thrgts ot fragiencigy, ghhig arranggeent S UGG AR

synchroni zat i op iggnel.s for each radio frame can be represented as
follows: S, =aS, + (3SJ (for sub-frame 0) S, = PS, +aSl (for sub-frane 5)
(0) In such enbodilkeittes caserec. | Epgyitnat crabedimens BRSNS Jo8R be t he same

as the lengfh ghpddifedy FRYetcsor (AN IAL IRANRHE BIKAN IS @RSM tTed at the

sane
associates cach sequence pair and ordering with a cell group identifier and frame

timing information (i.e., whether the ordering of the sequence pair indicates sub-
frame 0 or sub-frame 5), so that the detector can casily identify the cell group and
frame timing,.
15 With reference to FIG. 2(d), another exemplary alternative embodiment
involves generating each symbol S; as a weighted sum of the sequence pair §f,§ ;
(i # j), with cach particular pairing being uniquely associated with one of the M
cell groups. Furthermore, the amount of weighting applied to each of the
sequences indicates whether the sequence pair is being transmitted in sub-frame 0
20 (Si)or in sub-frame 5 (S,). That is, the secondary synchronization symbols for
cach radio frame can be represented as follows:
S, =as, + 1352. (for sub-frame 0)

. (6)
S, =BS, +as; (for sub-frame 5)

In such cmbodiments, the length of cach scquence S, S ; can be the same
as the length of the symbol §;, and both sequences are transmitted at the same
25  time. The different weightings (o and B, with ¢ # [ ) that indicate in which sub-

frame the symbol is being transmitted can be achieved by transmitting the

sequences at different amplitudes and/or powers relative to one another.



25 time. The different weightings (a and R, with (x # (3 ) that indicate in
whi ch sub- frame the synbol is being transmtted can be achi eved by
transmtting the sequences at different anplitudes and/ or powers relative
to one another. -12- In this enbodinent, the detector (UE) preferably

i ncludes a | ook-up table that associates each sequence pair and rel ative
wei ghting of the sequences (e.g., as indicated by signal anplitude and/or
power) with a cell group identifier and frame timng information (i.e

whet her the applied multiplicands a and (3 5 indicate sub-frane 0 or
sub-frame 5), so that the detector can ea5|ly identify the cell group and
frame timng. In alternative enbodi mentd42- a logic circuit associates each

sequence pair and rglative wel h&lw&ga&&Jﬁgp&ﬁ&w@%@gmi@o@umk gr oup

identifier and frane timng in ornatlon etector can easily
identify the célalasgounig cactdsefivcanepaii mdngiatxwﬁziélnpoéémmqumoys Co:

constructing ¢ e A BL LEaTpRuANSh e Byko Wi ML SLPESl, bR A% o agonal

matri ces, that e interpreted as
el enent - wi se rrﬁiatnb phumhfoﬁnandnhact wissther Bre, dppliedatStiplicandsRkadd & , (g) 15
wherein k is the kth el enent of the vector. An alternatjve way to construct
the multipl ?cafdicais subréraing 0jos sytofrang Hlasq Bt thedasestos cansasty BEHY tehe sequence

in front of a g é#eﬁi', mrﬁﬁlrﬂeanﬁl%g @a,ucm@&c dnhodhents, #R3gickirbui 93 § (for
sub-frame 0) (9) for sub-frame 5). In this

enbodi ment ,  t hasspEatghesgh éPflfIWCgPaiééiFdr@Iaéltf‘éw?‘@htﬂ%é’féf@cm@ﬁé@sS’ltha?rﬂﬁ“det ect 20
that one. Thfg glko*ag%ﬁu ah&“ﬁaﬂ@hﬁ‘ﬁ{g‘%ﬁfoﬁhatﬁ%%ecﬂﬁ%he debRtobEad Qs in, for

exanple, a 8 e to determ ne the {3 sequence, and tHhen correl ates
and detects thgic@]; tg@@u@m@_and frame timing,.

10 One possibility for constructing the multiplicands o and f§ is to interpret

them as diagonal matrices, that is:

Hence, S, =as, +pS ;can be interpreted as element-wise multiplication, that is:
Sl,k = G‘kSi,Ic + Bij,k’ (&)

15 wherein k& is the kth element of the vector.

An alternative way to construct the multiplicands ¢ and B is to allow f
to be a function of the sequence in front of ¢ in the formula for §), that is:
S, =aS, + B (Li ) S‘j (for sub-frame 0)

- (9)
S,=B(S5,)8, +aS, (for sub-frame 5).

In this embodiment, the UE should first correlate to the sequence S, and detect
20  thatone. Then, based on the detected S; sequence, the UE looks in, for example, a
look-up table to determine the B sequence, and then correlates and detects the S ;

sequence.
Yet another alternative is similar to the one just described, but instead

allows 0. to be a function of the sequence in front of p .



Yet another alternative is simlar to the one just described, but instead
allows a to be a function of the sequence in front of 0 . -13- It wll be
appreci ated that various enbodi ments can be inplenented in OFDM as wel | as
non- OFDM envi ronnents. In an OFDM system for exanple, a first ordering of
the pair of sequences, S;, § can be effected by transmtting the sequence
Si on a first set of one or nore sub-carriers, and transmtting the 5
sequence Si on a second set of one or nore sub-carriers. A second ordering
of the pair of sequences, S' S~ can be effected by transmtting the
sequence Si on the first set of one or rmre sub-carriers, and transmtting
the sequence S; on the second set of orl nore sub-carriers. In a

non- OFDM envi ronme iy fii o pusicbhd ANSEs boﬁﬁ?en ebd 4 Afpickafgauni cati on
system can still i nvol ve tHe Sy i's e sync roni zatron si gnal Si,

bei ng separ at edilMas W%%M@F@memnmwss e hn ©FBdLsystemt &1 cxdmepld,jar st
ordering of thg_fal E‘g quences, j ~can be effected by transmtting
the sequence &' eéf“$? ?pgé?fsﬁﬁuef"f"éqﬁaeﬁc‘?aéém cHprded YAREHEENTEe t he
sequence S, on a second set of frequencies. The second ordering of the
pair of sequendeRCns: S, og afstsahplac PR sWCHYCs ah §MTTAg iche sequence Si
on the first set of fl:equenm es, and transnmitting the sequence S, on the
second set of PFBEIENY|Wsa sepnd setpfioge ar MpISWR-REFES o seseadprdsrye of
processes/steps perfornmed by circuitry in a UE (e.g., a detector) for
utilizing the AoVE-depeidsdd.secanbusifectedprdnnonitizaticonusyebs) ent o

determ ne cell group and franme timng in accordance 20 wth_enbodi nents
consi stent wi t ihe firet serafene pomorcFhiecaraets.cud tishwokng divoamense SRiGhe 3 can al so
be considered to rgpre ent the UE's |ogic configured to perform the

i ndi cat ed functfERY SFREONSET YT HE-BY'Fer f or ni ng stage 1 processing, which

i ncludes begi nni ngintmnO@zme&qamﬁm@nquﬁiy@i@mmr@ftn@wlmafound cell's slot
timng (e. go 5 25 ns_ timnQg) el | t hin an unknown cell group

using the Sygoré‘ln@?fé‘?té’“rsé%@? Q%P“é‘ri“‘t%‘éﬁ tim S@]Poéss‘tfélﬂ? sypdyonizpgehni ques f or
perform ng thi gipsdief), Bk Bdrhied in a frequency domain. In such embodiments, the first

ordering of the pair of sequences, S, S . can be effected by transmitting the

sequence S, on a first set of frequencies, and transmitting the sequence S ;ona

sccond set of frequencies. The sccond ordering of the pair of sequences, .§,.,S ;

15 can be effected by transmitting the sequence S ; on the first set of frequencies,

and transmitting the sequence S, on the second set of frequencies.

FIG. 3 is a flow chart of exemplary processes/steps performed by circuitry
in a UE {e.g., a detector) for utilizing the above-described secondary
synchronization symbols to determine cell group and frame timing in accordance

20 with embodiments consistent with the invention. The various blocks shown in
FIG. 3 can also be considered to represent the UE’s logic configured to perform
the indicated function.

The UE begins by performing stage 1 processing, which includes
beginning the cell search and detecting a newly found cell’s slot timing (¢.g., 5

25 ms timing) and cell ID within an unknown cell group using the P-SyS signals
received on the P-SCH (step 301). Techniques for performing this step are well-

known, and beyond the scope of the invention.



known, and beyond the scope of the invention. -14- The UE is now ready to
perform stage 2 processing. However, in accordance wth an aspect of
enbodi ments consistent with the invention, the type of cell search being
performed will determ ne whether both S, and S2 are used, or whether just
one of these is used. Mdire particularly, there are a nunber of 5 different
types of cell searches (e.g., initial cell search, neighbor cell search,
inter- frequency cell search, and inter-radio access technol ogy cell
search), and each perforns stage 2 processing to detect franme timng and
to identify a cell's cell group. The cell search procedures are
essentially the sane for the different ‘tl§'pes, but there are sone

di fferences. For ex o I = L Cel | ar.ch 10 the UE can
performcell sear ch?ﬁ%djg?snr&ﬁ{g%@&hgklgﬁvﬂ%ﬁgggg{}g%?@é }%oi%%ﬁélf #rﬁom the serving
cel | . However, agaordanest weith iy asprseaicgmbodiniantseqonsisietii ovithdbeigventien Hiolypyy cel |
searches (e.g. I | . temn ] | ar on an
[TE systom oaPt T uepRet A S AR BB SR b B G e
serving cell whetherghgioge oitheanisised. Momquenolads, thoe achewmbbil ofsearch. I n
order to reduce.the. interruption |ength £1.€e., lnterruption.in data
reception), gonglft%(%ltt é’g%boo t%g” %%Fjécﬁ@'g"é%ggccf ﬁ zbacfderhCréCilé}l b|8rn Cgrsﬁdar&}’érﬁeﬁ"n one
synchroni zat i ofre§ucargecelEhlirsh, @hd imtonaidis adcha teghasisgbidlistarcl)f and@ethmul at i ng

cell search infor.mation over a n r. of nchroni zati.on frames and
therefore resuPfOTH SPRY ‘ZPEOF‘?’%‘H%EO%%CC&&W? ﬁ%&’r&aflg&q @ent@é%%%lgs ?rzzlchnol ogy
cel | searches hawbn@hseisearpepberdimreer ddeatialiynthe anferfentie tigikredOtypsl |
searches. To a ctO'Tm)date tg:r@ net\[ﬁprks a&ﬁ tyglcalfly $I an%] dto tolerate
slower cell sedMcRTRETHEN CHETEe Fof PEgRen &y 28 M HaRey Sdi $2%R cess

t echnol ogy 10 cette (S adnGlRi o6 EdNoRatBihg bifultandoli A WRA CXta ERLMioRERNEMENY. AS tO
initial cell search p;ocedure?, .the frequency error can %g | arge, This
creates a needS¥FYNRETF JHHYACH fu drenBsauarydr ity rde erSH tethaplosy gﬁ@k cal ly

bet ween 25 st agQschbs @ cdmpihPlok b ASM Sstens BRI ePoRBRE BINRACE ok §n LYRI cal |y not
as good as that of nelghbor cell searching, but initial cell search is
performed onl ySYdahcara) e Uksmuy iigegt Bhdats geentiog fey! thpterdes ¢usl y af f ect

the UE' s overalheP@lah@hFBREE frequencies for the cell search. In order to reduce the

15 interruption length (i.c., interruption in data reception), onc wants to be able to

detect all cell information in one synchronization frame. This eliminates the
possibility of accumulating cell search information over a number of
synchronization frames and therefore results in inter-frequency and inter-radio
access technology cell searches having worse performance than intra-frequency
20 cell searches. To accommodate this, networks are typically planned to tolerate
slower cell searching for the inter-frequency and inter-radio access technology
cell searching than for intra-frequency cell searching,
As to initial cell search procedures, the frequency error can be large. This
creates a need to perform a frequency error correction step, typically between
25  stages | and 2. Initial cell search performance is typically not as good as that of
neighbor cell searching, but initial cell scarch is performed only when the UE is
turned on, so it does not seriously affect the UE’s overall performance,
Returning now to a discussion of FIG. 3, if it is determined that the type of
cell search being performed is an inter-frequency (“IF”), inter-cell (“IC”) or inter-
30  radio access technology (IRAT) cell search (“YES” path out of decision block
303), stage 2 processing is invoked that uses only one S-SyS (either Sy or 87) per



Returning now to a discussion of FIG 3, if it is determined that the type
of cell search being perforned is an inter-frequency ("IF"), inter-cel
("IC") or inter- 30 radio access technology (IRAT) cell search ("YES" path
out of decision block 303), stage 2 processing is invoked that uses only
one S-SyS (either S, or S2) per -15- radio franme to detect cell group and
frame timng (step 305). The sequence pair S;,S1 nmaxim zing the
correlation power is chosen as an indicator of the detected cell group.
Dependi ng on whi ch enbodi nent is inplenmented, the specific order of the
sequences or alternatively the power relation order of Si, Sl determ nes
the 5 frame timng (e.g., the 10 ns timlfg in an LTE systen). However, if

[ s deter m nedid D bigcbg oRlpaRl kaRERie Bl 86 PRl anIRd: b, not an

i nter-frequency, ter-radio search

("NO" path out 0f deginsitiap iRleslaRRDowet RickoddBanm &&@&toﬁ&f@heufetdc&dper form ng
a cell search that requires a nore accurate determ nation of franme timng

and cel |l 10 gr espgrouss Uddpeadingion which bidbodi@bit is@ai@henokl, te Beicifisheder cel |
search Consequently, stage 2 processing is invoked that uses both S-SySs
(i.e., both S, obihdsERyncpeer altauiidvelf haneveigcldiaregdoroé |, Sgdeapriegsdhd r ane
tining (ste g . The results obtaj ned fronlsta%e 2 processing (either
step 305 or B HMne (§ie e iaB@githan hEE S$tral way to facilitate stage 3

processi ng. In SOMEHdweRAROE | sBREMined MbSh€ BRe bN&lUdaclyBlind pekfoemddne cell ID
obtained fromearlier processing by using reference synbols associ ated

with the ident Potidadnteefipqugrguinter-cell epimtmagdio Fpegss tpaimolpgecilee@tlence synbol s
used for cell t&@eﬂaa%dtgﬁd&rsﬁm b‘?&o’ﬁ%%@ﬂeéﬁ%%@tb&@ﬁ:@ﬁém dghg code

determ ned by the cell group and D. To conplete the exanple, FIG 3
al so shows tha@elbqea@btmt PHOESSINATE aqouTage detcr@maﬂ@:a@ﬁ fivgna teingaM ¢ obt ai n

cel | -spect 16 2, 55 Sichf f AR Oeck:dn &l 50965 QNITEen, EBUBEHIy, Ne! L her

stage 3 nor 4" processing are an essentlal aspect i nventi on,
and are ther ef Giﬁ&e hprcgesg isiibedchdpeuspnbagr §*£tysdétcalbbtil ST hléi $zh§m mdion has

been descrlbedﬁg%gnj&ﬁ&ﬁﬁ@g@gg%ﬁﬁﬁgg&?ﬁﬁ%ﬁé&ggt _dinents. However, it wll

be readily apparent to hat
The results obtained from stage 2 processing (either step 305 or step 307)

are then used in the usual way to facilitate stage 3 processing. In some
15  embodiments, this can include verifying the cetl ID obtained from carlier
processing by using reference symbols associated with the identified cell group
(step 309). That is, the reference symbols used for cell ID detection are
descrambled using the scrambling code determined by the cell group and cell 1D.
To complete the example, FIG. 3 also shows that stage 4 processing (i.e.,
20  rcading the BCH to obtain cell-specific system information) is also performed.
However, neither stage 3 nor stage 4 processing are an essential aspect of the
invention, and are therefore not described here in great detail.
The invention has been described with reference to particular
embodiments. However, it will be readily apparent to those skilled in the art that
25 it is possible o embody the invention in specific forms other than those of the
embodiment described above. The described embodiments are merely illustrative
and should not be considered restrictive in any way. The scope of the invention is
given by the appended claims, rather than the preceding description, and all
variations and equivalents which fall within the range of the claims are intended

30  to be embraced therein.



25 it is possible to enbody the invention in specific fornms other than
t hose of the enbodi nent descri bed above. The descri bed enbodi nents are

nmerely illustrative and should not be considered restrictive in any way.
The scope of the invention is given by the appended cl ainms, rather than
the preceding description, and all variations and equival ents which fal

within the range of the clains are intended 30 to be enbraced therein. 16
CLAIMS: 1. A nmethod of indicating timng paraneters and an identity of a
particular cell group froma nunber, At,, of possible cell groups in a
signal transmtted in a cellular conmmunicati on systemthat enploys a radio
frame in a physical layer, the radio frame 5 conprising a nunber of tine
slots, the methogyg r|5|ng transmtting, in a known one of the tine
slots of the radio frame, a synchronization signal, S,, that conprises a
pair of sequencek, g@ethwqfami@}etina' thmiag pimmtters endberidangty Cdl@adtibt&m&milt ting; in
anot her known :
synchroni zat i ah’ & gna‘% %g%* i3 o?éo% §Ie%£i! é@& 5 uﬂg% %nafl {r%megm %oe!!uigr
arranged in a°0§éwéﬁﬁmmﬁﬂ@mnW@cnwhewen%mnﬁ@mnhamﬁntekmmﬁthhemp&mmeof
sequences; S ising Nteq different
sequence? Mecrglgfﬁéi%sasﬁjﬁg‘g?lr{eg%g ﬁlg%eﬂtée cmﬁ%‘%/ different 15 sequences;
J the selected pai Fia@ﬁfm@%m@‘@@’ﬂloﬂe ofrthe)tsat siots dbthe ratliodimesi a h t he

particular celg first
ordering of th nc}s]gm%gtﬁdéleséng' S, tﬂatﬁbmjﬁ?seS% %“‘??S‘H*Sﬁlﬁ%g%{ 'C)gﬁ1 afr?f’gf"ﬂﬁ'a&ﬁ one
of the tine sbgkﬁmggn&he radio franme, and the second ordering of the
sequences is 20 used only for transnission in said another known one of.
the tine slots. 2. FHEMHESFRethedingvmene ofiibratined shots efitbe pliodmmerader i ng of

the pair;e0f SQAUUERGSSionTignal, &Skt Brﬁﬁ:ﬁs%gthg)éai? Stas'é]&urpncteg,' §?,§§ taihrgnged ina

second ordering,

S,

wherein:

each member of the pair of sequences, S, |+ is selected from a group

I+~./i+8M]
2

comprising N, different sequences, wherein Nieq is at least ceil[ different

i5 sequences;
the selected pair of sequences is uniquely identified with the particulﬁr cell

group, wherein i, j &[l,.., N,

] and §, ¢:§'},; and

the first ordering of the sequences is used only for transmission in the known
one of the time slots of the radio frame, and the second ordering of the sequences is

20 used only for transmission in said another known one of the tite slots.

2. The method of ¢laim 1, wherein:

the first ordering of the pair of sequences, S;,.,S”j is effected by transmitting the
sequence §, before transmiiting the sequence S"'J.; and
25 the second ordering of the pair of sequences, §,5 , is effected by transmitting

the sequence § , before transmitting the sequence §.

3. The method of ¢faim 2, wherein S| and 8, are each of fength n, and each of the

sequences 8,8, is of length /2,



sequence S, before transmtting the sequence S.; and 25 the second ordering
of the pair of sequences, S"S, is effected by transmtting the sequence S.
before transmtting the sequence S,. 3. The nmethod of claim2, wherein S,
and S2 are each of length n, and each of the sequences 9,, j is of length
n/2. 17 4. The nethod of claim1, wherein: the physical |ayer of the
cel l ul ar conmmuni cati on system enpl oys Othogonal Frequency Division

Mul tiplexing; 5 the first ordering of the pair of sequences, 9"Sl is
effected by transmtting the sequence S, on a first set of one or nore
sub-carriers, and transmitting the sequehte Si on a second set of one or
nore sub-carriers; and the second ordering of the pair of sequences, S" SS
is effected by transmtting the sequence S on the first set of one or
nore sub-carrier nd transmtting the 10 sequence S, on the second set of
one or nore sub- %arrh%Fﬁmo dof clafmd. WemBd of claim 1, wherein: in the

physi cal |ayer Of t%pﬁ?&uéaﬂiaﬁr o@ﬂﬁ‘wmlé}%ﬂnﬁ‘lﬂm&}fﬁﬁ@ﬁeﬁ%ﬁﬂ?@s%rﬂ%g&n?g h

synchroni zat i re separated in a frequency donain e
first orderin %WghﬂﬁP?N@?mgﬁﬁ@ences S,,, is effected by transnmitting
the sequence S, oNny@ s oﬁfem?%(%f‘ t?ef paur 0‘% nr?ceg Z}‘ﬁ é‘f‘fnsdefftecstgcpbS mEFt“%’ijﬁg}gtth of the

sequence Sl on a second set req ue

pair of sequen mce%:§ha'f”r?st§éc F&xteeogi %(t B%E\?Ex]estz}nh? n1tttrtlm ﬁleg%q%?rﬁ:g§s on the

first set of frequendies, transm nce

second set ofoﬁ@@ﬂﬂ&@ﬁﬂ@ﬁxm@rm&ﬁ%uﬂ@&h@gwﬁﬁ cIa|n11 conpr|5|ng gener ating
t he synchronlzatlon signals S1 and 82 in accordance with: S, = aS, +/1SS;
and S, =/i', +aS1, & s¢peed eidering of the pair of sequences, S,,S is effected by transmlttmg

the sequence § , on the first set of one or more sub-carriers, and transmitting the

10 sequence S, on the second set of one or more sub-carriers.

5. The method of ¢laim 1, whcrein' :

in the physical layer of the cellular communication system, symbols of the

synohromzat:on signal, Sy, are separated in a frequency domam

15 the first ordering of the pair of sequences, S,,SJ. is effected by transmitting the

sequence &, on a first set of frequencies, and transmitting the sequence § , on a second
set of frequencies; and '

the second ordering of the pair of sequences, S, 5 . is effected by transmitting

the sequence § ; on the first set of frequencies, and transmiiting the sequence 8 on the

20 second set of frequencies,

6.  The method of claim I, comprising: |
generating the synchronization signals $) and S, in accordance with:
S, =ob, +fS,; and
5, =8 +as,,
25 wherein:
& is a first muitiplicand;

A is a second multiplicand, & # 3.



ais afirst nultiplicand; /i is a second multiplicand, a ;e/i. 18 7. The
nmet hod of claim6, wherein each of the nultiplicands, a and Q is a scalar
val ue and corresponds to an anmount of signal anplitude. 8. The nethod of
claim6, wherein each of the nmultiplicands, a and f3, is a 5 scalar value
and corresponds to an anount of signal power. 9. The nmethod of claim6,
wherein the synchronization signals S, and S2 and the sequences S, and .
are all of equal length. 10 10. The nethod of claim 6, wherein:
transmtting the synchronization signal S, conprises transmtting aS, and
f, simultaneously; and transmtting the d4gnchroni zation signal S2 conprises
transmtting QS, and aSl1 sinmultaneously. 15 11. The nethod of claim.11,

wherein the use of t ' deri f se ces, only for
transmission in the'Qﬁg&ﬁkgﬁgagﬂﬁ%ﬁ@&F%§%&Qfgpgagﬁjfﬁgmmﬁaﬁ%ﬂfﬁéne, and the
use of the sewseatvabeded tagsmhds hen seoueotegmabMplinkier transm ssion in said
anot her known one of the tine slots enables detection of radio frane
timng using just one of the 20 synchronization signals, S, and S2. 12. A
met hod of det ect Bng The miethgd péulaines, enercianechast tet@Mplkdndof o andar ki,cul ar cel |

group fr a er of possible cell groups in a signal received in a
ceIIuIarqylon%%%?egyfgkh§§§§ﬁﬁ%ﬁﬂéfa@ﬁﬁmﬁ nal poydi-o frame in a physical

| ayer,; the radio frame 25 conprising a nunber of time slots-including two

time slots assocj at Wi t h synchroni zati on channel, the nethod
conprising: rec e%'vi ﬁge mftqﬁ'o%ﬁfed%%% ﬁ'&er‘?'f’ﬂﬁ synehfosizationsignals SuangdiSt kndthe

synchronizati@&yﬁﬁ@@@?&ﬁ.§Qﬂ@mﬂﬁéﬁﬁﬂ%%g@nd second synchroni zation signals,
S, and S2, wherein the first synchroni'zation signal S, conprises a pair of

sequences, S" S, arranged in a first 30 ordering and the second
synehr onjgzat i on 13} O8RS0 YT BOSnlE, P21 1 of “sequences,

transmitting the synchronization signal 8| comprises transmitting S, and

,6’§ ', simultaneously; and

transmitting the synchronization signal S, comprises transmitting 45, and
aSj: simultaneously.
15
1. The method of claim 1, wherein the use of the first ordering of the sequences
, only for transmission in the known one of the time slots of the radio frame, and the use
of the second ordering of the sequences only for transmission in said another known one

of the time slots enables detection of radio frame timing using just one of the

20 synchronization signals, i and S5.

12. A method of detecting timing parameters and an identity of a particular cell
group from a number, M, of possible cell groups in a signal received in a cellular
communication system that employs a radio frame in a physical fayer, the radio frame

25 comprising a number of time slots including two time slots associated with a
synchronization channel, the method comprising:
receiving, in one of the time slots associated with the synchronization channel,

one of first and second synchronization signals, $; and Sy, wherein the first
synchronization signal Sy comprises a pair of sequences, 5‘,,5} arranged in a first

30 ordering and the second synchronization signal 5, comprises the pair of sequences,

8,5, arranged in 2 second ordering;



S,.,S, arranged in a second ordering; 19 determ ning which of a nunber of
predefi ned sequences best matches the received sequence which of the nunber
of predefined sequences best matches the received sequence S.,and whet her
the pair of received sequences S;,S were arranged in the first ordering
or the second ordering, wherein the nunber of predefined sequences 5 is

sel ected froma group conprising Nseq different sequences, wherein Nseq is

at least cell | + 2 8M different sequences; identifying the particular
cell group by performng a cell group identification process that includes
determining with which cell group the pail¥ of received sequences, SS~, is

uni quel y associ ated; and 10 deternmining in which one of the two tine slots

associated with the de&mﬁiﬂg%im@fhQ@nW@M@deﬁB@%e?@ﬁce@Bes@ Infhes3fid second
synchroni zati on si gnal s was received by using information that 1 ndicates

whet her t he se§tfeffeéxugice S5 whighrof tregueiboad predefinkd seqhidncsd bedt at@fHeAGe OF t he
second orderi ng. _13 13. The nethod of claim 12, wherein: the first ordering
of the pair of *StGheEys Srand whalisuhe phieof sequaneuesiestd, Sheverd danieded

bef ore recei Viig%et irgo;sdeguenz}? S,; .and the second ordering of the pair of
sequences, S, 5 CAGTEUE HENSEHING qEdins. phereiydhe b e prasiefinpdsequenes vi ng

t he sequéehce 8$sclezadfrém‘aTgn@prmmbﬂdng)Nm(diﬂérEHtQé%ueﬂ%se%&@in%e mg;é% are each
i's of length’n/2.""15. The

of length n, and ea\?.tuaf_ t he sequences S;, S I

met hod of cl ai @i&wﬁ%idﬂffer S%}Jggm@pysi cal layer of the cellular
communi cati on systentenpljoys thogondl Frequency Division Miltiplexing;
the first ordering of the pair of sequences, S;,S, causes the sequence j,
to be received on Hetifyige thogartioflaned gomp tp pefosuing a2l betsidedTdaddae

Z ﬁg uence Si t @rdogss BREBLMEH deRitniRing GSANIBSEH grfoué) R pi of Fodetved lsjel?;hgn%crasr, Hers,
5,,5’”1, is uniquely associated; and : ‘

10 determining in which one of the two time slots associated with the

synchronization channel the one of first and second synchronization signals was
received by using information that indicates whether the sequences SN,.,.§ , were received

in the first ordering or the second ordering.

15 13, The method of claim 12, wherein:

the first ordering of the pair of sequences, S:,S, causes the sequence §,. to be
received before receiving the sequence §; and
the second ordering of the pair of sequences, 5’,,5‘] causes the sequence § , o

be received before receiving the sequence S.

20
14.  The method of claim 13, wherein S, and S, are each of length », and each of
the sequences S, § ', is of length n/2.
15, The method of claim 12, wherein:
25 the physical layer of the cellular communication system employs Orthogonal

Frequency Division Multiplexing;
the first ordering of the pair of sequences, §,,§j causes the sequence $, to be

recetved on & first set of one or more sub-carriers, and the sequence S , to be received

on a second set of one or more sub-carriers; and



20 the second ordering of the pair of sequences, S'SJ causes the seguence
S, to be received on the first set of one or nore sub-carriers, and the
sequence S, to be received on the second set of one or nore sub-carriers.
5 16. The nethod of claim15, wherein the first and second synchroni zation
signals, Sl1 and Ss, and the sequences S, and S, are all of equal |ength.
17. The nmethod of claim 12, wherein: in the physical |ayer of the cellul ar
comuni cation system synbols of the 10 synchronization signal, Si, are
separated in a frequency domain; the first ordering of the pair of.
sequences, S'S causes the sequence S, to2be received on a first set of
frequencies, and the sequence Sj to be received on a second set of

of the aln f sequences, S: §j causes

frequenci es; and th secogd r.der Q

t he sequence S, to "s%ﬁﬁé“ Pé"gev%fd %?F’”t‘ﬁé“!“? & Ssét cafe fﬂ#eesﬁﬂieﬁ‘&‘i ©s and the
sequence S, qﬁle re&ﬂ%%eg on t second, set. of freq uenC|es 18. The

net hod of cl ai Th'§&!"e B EAP ?%Oﬁf"r?ff A& Hess: aﬂ@l@‘eﬁ%ﬂ“F’“cﬁf 'tk ved

sequences S ShcdiRlig ALANAELL bukPrbld St frger i ng o the second or der i ng

conprises: 20 deternlnlng fe received one of the first and second
synchroni zation signals represents: S, = aS, +/35,, or. S269, +aS"

wherein: a is a {4 r3he fdinba pHd | 1R a ;6,6.
19. The et hod of clafn1lg 9&%@?2? ngg hwfﬁﬁ (ﬁ %FMégk%k%%gﬁgﬁd /3 is

a scal ar val yeaxh, adnmes@mnds:iamaﬁ aHEUnfmpﬁlemgnal anplitude. 21 20.
The nethod of claim 18, wherein each of the nultiplicands, a and /3, is a
scal ar val ue and corresponds to an anmount of signal power. :

17.  The method of claim 12, wherein:
in the physical layer of the cellular communication system, symbols of the

10 synchronization signal, S, are separated in a frequency domain;

the first ordering of the pair of sequences, S,,§ , causes the sequence S, to be

received on a first set of frequencies, and the sequence § , to be received on a second set
of frequencies; and

the second ordering of the pair of sequences, §,,§j causes the sequence S~j to

15 be received on the first set of frequencies, and the sequence S, to be received on the

second set of frequencies.

18. The method of elaim [2, wherein determining whether the pair of received
sequences S,,.S' , were arranged in the first ordering or the second ordering comprises:
20 determining whether the received one of the first and second synchronization
signals represents:
S =as, + B8 or
S, =38, +as,
wherein:

& is a first multiplicand,

25 £ is a second multiplicand, @ # 8.

19.  The method of claim 18, wherein each of the multiplicands, @ and f#, isa

scalar value and corresponds to an amount of signal amplitude.



21. The nethod of claim 18, wherein the first and second synchroni zation
signals, S S and S2, and the sequences S, and S, are all of equal |ength.
22. The nmethod of claim 12, wherein receiving, in one of the tinme slots
associated wth the synchronizati on channel, one of the first and second
synchroni zation signals Si  and Sz conprises: 10 receiving the pair of
sequences S;, S, simultaneously. 23. The nethod of claim 12, conprising:
detecting radio frame timng by using information that indicates in which
one of the two tinme slots associated with the synchroni zati on channel the
one of the first and 15 second synchronikati on signals was received. 24.
The nmethod of claim 12, wherein identifying the particular cell group by
deter i ning wi t N2WNiThE nfelol J0EIEMPI & BRerDRLonf i SRRIVEAIS ANEN AR, |9

uni quely associ ated conprises using the pair of recelved seduences S,,S,
to locate an efitlpvajus agd copgspopdicoup amabit ef sigdsl poFae nmet hod of claim 12,
wherein identifying the particular cell group by determning with which
cell group the pair of received sequences, S;, S,., is uniquely associated
i s performed by al dlit aeihedhobdlaimulis wherci@ Bie Zigst aifhecamd tshatroafzattinalgmid 2,

wher ein ing dn mat,i..on about et er the sequences S' S1 were arranged
in the fﬁfst 5$5&$%hﬁm5?”?ﬁgnggé%gﬂ§grﬂBPFHGQFB%H§Wernine in which one of

the two tine slots associated with the synchroni zati on channel the
recei ved one of the first and second synchronization signals was received
conprises 30 usiffy themphpd ofsfaimd@ewiesin égjviah deseST (18 the slaocateizad entry

in a | ook-up tahlig syRdirorddtion QGniBIRA0ds i reLn. usin
i nformation abo#t mﬁetﬁ%r Eﬁe sgquénggsgéﬁé%ﬂﬁg%%a%%&gﬁaggnwﬁS%ﬁ%“%irst
ordering or tRBISSCBRASST dering to deternmine in which one of the two time

First ang second synanyoRieX g Akasly EF, 0MaRI0ea 1 s performed: 8 by
calculation circuitry. . :
' 23.  The method of claim 12, comprising:

detecting radio frame timing by using information that indicates in which one
of the two time slots associated with the synchronization channel the one of the first and

15 second synchronization signals was received.

24. The method of claim 12, wherein identifying the particular cell group by

determining with which cell group the pair of received sequences, S,§ ;» 15 uniquely

associated comprises using the pair of received sequences §,,§J to locate an entry in a

20 lock-up table.

25. The method of claim 12, wherein'identifying the particular cell group by

determining with which cell group the pair of received sequences, $;,3,, is uniquely

associated is performed by calculation cireuitry.
25

26. The method of claim 12, wherein using information about whether the
sequences 5;, 5, were arranged in the first ordering or the second ordering to determine

in which one of the two time slots associated with the synchronization channel the

received one of the first and second synchronization signals was received compriscs

30 using the pair of received sequences 8,8 ; to locate an entry in a look-up table.



28. The nethod of claim 12, conprising: receiving, in an other one of the
tinme slots associated wth the synchroni zation 10 channel, an other one of
the first and second synchroni zation signals; determ ning whether a type of
cell search procedure to be perforned is an inter-frequency cell search
procedure; determ ning whether the type of cell search procedure to be
performed is an inter-radio access technol ogy cell search procedure; 15
determ ni ng whether the type of cell search procedure to be performed is an
intra-cell search procedure; if the type of cell search procedure to be
performed is none of the inter-‘frequenc}zcell search procedure, -the
inter-radi o access technol ogy cell. search procedure, or the intra-cel

sear ch procedur e27-t Héw méofl of ehing!2, ABs@RtueinFinfirmgdhinsh vaf thte:ht?e nurmber of

pr edef i ned sequenCes‘g)St mat ches . t he recelived sequence §, of the other
one of the firSH4Hg ggcéivﬁﬁ? &P RS i fie £t pdpringsir grat@nd whieddy ket fgnenunber

of predefined g est .mat ches the recei ved sequence SJ of the other
one of the fi#s?@gﬁg&§§3%H%%§Vﬁ%ﬁgﬁﬁ$9%ﬁT%Wﬁﬁﬁiﬁﬁﬁ@?mﬁﬁgncmmeﬂH@r the pair
of received segendew EtheSdstahd tdeendiyheiromngodSigdaivdidsie@Rde &ﬁ?&‘d 25

: ) ;

synchronigati Sl . arranged in the first ordering or e second
orderi ng, mhg?gin t g%ggﬁﬁggroup identification process further includes

determining with which cell group the pair of received sequences, S" SJ,
of the other one of the first and second synchronization signals is
uni quely associ ated. 30 29. An apparatus for indicating timng paraneters
and an identity % ahqaetheceflckim 12adompgsioyp from a nunber, M of possible
cell groups in a sigBalint ARSHHLLL j cellular, 23  conmuni cation system
that enploys a radio fra%é in atﬁﬁgg%%%'mfgﬁﬁ??O?ﬁ% ¥islyihg syehieizatisanpr i si ng
a nunberlof t FiEne) Wrodher enpeof shefirptamnd secomhyyndhsinngtiod @gHat; confi gured to
transmit, in a knowngiRfwidte b ke ofledlS ol g, ! %iseo frame, a
synchroni zati on signal , é%f t hat %gﬁgrﬁségu%”%%Fﬁ“B% Glfdeds g g
y on Sianal, 3
arranged 5 i H¥Aefreasy SHderempgoced g
_ determining whether the type of cell search procedure to be performed is an
inter-radio access technology cell search procedure;
15 determining whether the type of cell search procedure to be performed is an
intra-cell search procedure; '
if the type of cell search procedure to be performed is none of the inter-
frequency cell search procedure, the inter-radio access technology cell scarch procedure
or the intra~celi search procedure, then performing; '

20 determining which of the number of predefined sequences best matches
the received sequence S, of the other one of the first and second synchronization
signals, which of the number of predefined sequences best matches the received

sequence S, of the other one of the first and second synchronization signals, and

whether the pair of received sequences 5,5, of the other one of the first and second
25 synchronization signals were arranged in the first ordering or the second ordering,
wherein the qul group identification process further includes determining with
which cell group the pair of received sequences, §,,.5,, of the other one of the first and

second synchronization signals is uniquely associated.

30 29.  An apparatus for indicating timing parameters and an identity of a particular

cell group from a number, M, of possible cell groups in a signal transmitted in a cellular



| ogic configured to transmt, in another known one of the tinme slots of the
radio franme, a synchronization signal, S2, that conprises the pair of
sequences, S" S~ arranged in a second ordering, wherein: 10 each nenber
of the pair of sequences, S'S,, is selected froma group conprising Nseq
di fferent sequences, wherein Nseq is at least ceil (t+ =+8M 2 ) different
sequences; the selected pair of sequences is uniquely identified with the
particular cell group, whereini, j e.[t,...,Nbeq] and S, * ; and 15 the
apparatus is configured to operate such that the first ordering of the
sequences is used only for transmission 24 the known one of the time slots
of the radio frame, and the second ordering of the sequences is used only
for transm ssi amnumicagiékystanekddemplROIVALiO R8mE T 4 NS sitd MBS kR Sto Ah30- The
apparatus of claim?29 eregn: tﬂe | ogi c configured to transmt, 1n the
known one of tPEP{FifR2 8y %Otﬁ‘m? HelsBgAPgaras saRPrisi"Ee synchr oni zat i on
signal, S,, that compié saSighrb@toRinimiefin S RAMANRE ST thfimeReRYrinB dahe first
ordering effects the first ordering of the pair of sequences, S,, Sf by
transnitting tFmessgueerzaionighdr, thatapspises & par dfhequssryehde aSngecand 25
the | ogicsconfi gg.rgd to trapsmt, in said another known one of the tine
slots of °the PAITSKFAHe Y he synchronization signal, S2, that comprises
the pair of sequencésic Shfifiredfolt@ngae i dhothBEk 564 QRSARS@HE N8 6ffect s the
second ordering of the pair of sequences, S" Ss by transmtting_the
sequence S, befdp Bame.arixsrbtanization signak &g therrompeses tikdair3L seqldmeesafpdr at us of
cl ai m 30, Wnera '351 e§ii aarég?{éz are each of length n, and each of the
sequences Si, ‘SHEUGHEIENGINHAPS. 32. The apparatus of claim29, wherein: 5
t he physical |ayer oftieieine cel | ul ar comruni cati on system enpl oys Ot hogonal
Frequency, Di vi sion Ml tipl exi n'g; the logic configured to transmt, in the
known onE of the ti FNIIHLEr itha tadr of seguences, S, is selected from a group

' (H\fH-SM}

2

comprising N, different sequences, wherein Ni, is at least ceil different

sequences;
the sglected pair of sequences is uniquely identified with the pélticuiar cell
group, wherein i, j e.[t,...,NSeq] and S‘, ;&5'1; and
15 the apparatus is configured to operate such that the first ordering of the
sequences is used only for transmission in the known one of the time slots of the radio

frame, and the segond ordering of the sequences is used only for transmission in said

another known one of the time slots,

20 30, The appafatus’ of claim 29, wherein:

the logic configured to transmit, in the known one of the time slots of the radio

frame, the synchronization signal, Sy, that comprises the pair of sequences, S8 J
arranged in the first ordering effects the first ordering of the pair of sequences, 5,,§ by

transmitting the sequence 3‘, before transmitting the sequence § : and

25 the logic configured to transmit, in said another known one of the time slots of

the radio frame, the synchronization signal, S, that comprises the pair of sequences,

~

S, ; arranged in the second ordering effects the second ordering of the pair of

sequences, 5,5, by transmitting the sequence §j before transmitting the sequence S,.



frame, the synchronization signal, Si, that conprises the pair of

sequences, S"S, arranged in the first ordering effects the first ordering
of the pair of sequences, S" § by 10 transmitting the sequence S, on a
first set of one or nore sub-carriers, and transmtting the sequence Si on
a second set of one or nore sub-carriers; and the logic configured to
transmt, in said another known one of the time slots of the radio frane,
t he synchroni zation signal, S2, that conprises the pair of sequences, S;,

S, arranged in the second ordering effects the second ordering of the pair
of 15 sequences, Sj by transmitting the ¥equence Sj on the first set of one
or nore sub- carriers, and transmtting the sequence S, on the second set
of one or nore sib- Ghe aipersus of 38m INOhAFR S M US ar@ bachloRicMyB2,; arillSHSEN t he
first and second synchroni zation signals, S1 and S2, and the sequences S,
and S1 are al MSGFAEHHAIS Pefpftensthz?.34. The apparatus of clai m29, wherein:
in the physical |ayer of the cellular conmunication system synbols of the
synchroni zation signal, Si, are separated in a frequency domain; the |ogic
configured to tri&nsihdapphmtut heclkmaanwienan.of the tine slots of the radio 25

frame, the synchronj i on, si.gn that conprises the pair of

sequenceg, S' Sy a{rhégir%sgal [;‘%rﬁegf’ﬁ%éf‘i%?f COPHEYGEHY Breectplayherthgoral or deri ng

of the pair ofreqemaeRosson Bylipkyingt ransmitting the sequence j, on a first

set of frequencies, trapsm tting the uence S on a second set of

frequenci es; and 25thgﬁ%§ ﬁogfg?%ugé dt:t%rt‘ffq'%ﬁ’t‘}r ‘é‘dhset VR gRfsHhithe timgslatnpidhedio her

known one of fiige, the®ndh @i sig:he st adi &n‘fpf‘i%gﬁ'[e ptaﬁl%fﬁ:é[ﬂ%%ésog_i %ati on signal,
nge

S2, that conprises the pair of sequences, "SJ ‘arra i'h the second

ordering eff eatagddie tinatanededindefdcROnefrstloRRriR@bf thObair FEOHENGESS Sh,, S by
transmitting the sequence S, on the first setgof féaéidueﬁdcﬁi esté%‘éggb%,

transni fi ng thembeguaneguice SNort fesERCANH: §6hor@fubl LEME N &5 miuﬁ%, The
apparatus of claim 29, conprising: logic configured to generage e
synchr oni zat i basgigralSs 0Bz sardd S2of dhe cAREREEAREE-Wahd:

the logic configured to transmit, in said another known one of the time sfots of

the radio frame, the synchronization signal, &, that comprises the pair of sequences,

3;,8, arranged in the second ordering effects the second ordering of the pair of
15 sequences, S, 8, by transmitting the sequence § . on the first set of one or more sub-

carriers, and transmitting the sequence S, on the second set of one or more sub-cartiers.

33, The apparatus of claim 32, wherein the first and second synchronization

signals, 8 and 8, and the sequerices SNi and § , are all of equal length.

20
34.  The apparatus of claim 29, wherein;
in the physical layer of the cellular communication system, symbols of the
synchronization signal, Sy, are separated in a frequency domain;
the logic configured to transmit, in the known one of the time slots of the radio
25 frame, the synchronization signal, 8, that comprises the pair of sequences, §,§.

J

arranged in the first ordering effects the first ordering of the pair of sequences, ,§},S"j by

transwnitting the sequence S, on a first set of frequencies, and transmitting the sequence

§, on a second set of frequencies; and



10 S, =aS, +,69,; and S2 =/33,+as), wherein: ais a first nmultiplicand; ,8
is a second multiplicand, a ;6,3. 15 36. The apparatus of claim 35, wherein
each of the nultiplicands, a and 13, is a scalar value and corresponds to
an amount of signal anplitude. 37. The apparatus of claim 35, wherein each
of the multiplicands, a and /3 , is a scalar value and corresponds to an
anount of signal power. 20 38. The apparatus of claim35, wherein the
synchroni zation signals S, and S2 and the sequences S, and j. are all of
equal length. 39. The apparatus of claim35, wherein: 25 the |logic
configured to transmt the synchronizati%h signal S, conprises logic
configured to transmi aS, and 3S sinultaneously; and the | ogic configured
to transnit the syngknegit Zalizasd &i@nahit, S2sakQNbhkS@Swn biadsrIid trid s &S, and
aSl sinultaneogsl.. 26  40. The‘appanat?s of clain12§, mh%rein t he use of
the first ordé JAYo GimeES YaEiuNEen BRI . APt FHST BAFAIP SHUEINES known one
of the tine sl aﬂ%ng@?%tﬁ@@c&d‘cc{rm% ofi@dhd Qeonu%?deﬁé% BihtEe sfcsnd ordering

of the sequences‘only for transm ssion 1 n sald anot nown one of the

time slots en@&lu@&eﬁ!%ﬁ@}tﬁ %nmittigmegicfuéﬁm toh @ﬂqustlé%d?gre%gﬁ&ieso% of the 5

synchroni zation signal's; St and : An “apparatus for tecfing timng
paramet erss anGradhikidg Helskdhele § oRMelsb&l & of £&Jubn@s0UP from a nunmber, AL,
of possible cell groups in a signal received I'n a cellular conmmunication
systemthat enploys a radio frane in a physical- layer, the radio frame 10
conpri sing a nunjer L1 I t.s d.ncluding two tine slots associated with
a synchronizatig%'cﬁ%%ﬁ@ﬁ%ﬁ?ﬁéaggﬁgr%WHymE%nprising: | ogic configured to
receive, in one of e coifingiresltogemeasstbesyatiechivativd sigivds Sy and $3 in :

accordance with:

S, =a8, + S, and

10 - -
S, = B3, +as;,
wherein:
& is a first multiplicand;
£ is a second multiplicand, o # 3.
15 36. The apparatus of claim 35, wherein each of the multiplicands, @ and 3, isa
scalar value and corresponds to an amount of signal amplitude.
37. The apparatus of claim 35, wherein each of the multiplicands, @ and g, is a
scalar value and corresponds to an amount of signal power.
20
38, The apparatus of claim 35, whetein the synchronization signals §) and S; and
the sequences S, and §, are all of equal length.
39, The apparatus of claisﬁ 35, wherein:
25 the iogic configured fo transmit the synchronization signal Sy comprises logic

configured to transmii o, and G5, simultaneously; and
the logic configured to transmit the synchronization signal S> comprises

transmitiing ﬁg‘, and aS‘j simulfaneously.



synchroni zati on channel, one of first and second synchroni zation signals,

S, and 82, wherein the first synchronization signal Si conprises a pair of
sequences, S" Si 15 arranged in a first ordering and the second

synchroni zation signal S2 conprises the pair of sequences, S' S. arranged
in a second ordering; logic configured to determ ne which of a nunber of
predefi ned sequences best matches the received sequence which of the
nunber of predefined sequences best matches the received sequence >S, and
whet her the pair of received sequences S'Sj 20 were arranged in the first
ordering or the second ordering, wher ei n¢ he nunber of predefi ned
sequences is selected froma group conprising Nseq different sequences,
Whe][ ein N,d, qi Sdéﬂ. |”{];Basﬁpaﬁlﬂjs|of laim %&Mr}irtﬂtcfufseéﬁﬂﬁ fi @ﬂﬂﬂ'&f?ﬁg@ﬁthe 2 | 09: |C
configured to identi articul gr ce p erformng a cell group
i dentificati oﬁe%\g%céég'ﬁy%%iﬁa ?nﬂﬁsl“iﬁ‘dﬁg‘ © HEV R ?ﬁgﬂmeﬁﬁtﬁmﬁ@ﬁa%ﬁrw@r oup the
pair of 25 reeéihcess (ﬁ‘e!ﬁtwems;rdeﬁng &:Ime deéuddéﬁs@ﬂl@'ﬁyr tARSRISI A iR Chid athet 00I C
configured to deternl in slots associated wth
the synchroni 280 7B i?ﬁﬂé’?e Sé%enaﬁ’és CB‘F“?‘?‘} %ftr adé%fﬂar%“e%‘r‘?& USHHEROBN B | on
signal s 3nas rswmerom&dndmys:gmis,nﬂg ahd§0r mati on that indicates whether the
sequences S"SJ were received in the first ordering or the second ordering.
30 27 42. The apparatus of claim41l, wherein: the first ordering of the
pai r of sequence8, 8naffarefoedeticties heigy paaactGs axﬁci)anb&enttf)eﬁaipk’rﬁﬁhlhef ore

th , d f t f
cequences,  so PEEHERESy RuuBling - 8RCEA e dfhof rete e Pt s P eiced vi ng
t he sequence $pm#gnicafion spgppathatenployt a cddai fimndkdn awmeroel llyc‘a thevadio B2mar e each
of | engty n, {)}g?i%ﬁ'%q ﬁmegman@%&%egﬁﬁdﬁ Fwotnle ol ask & {glé‘l | ulO 44. The

appar at us of C & cal a er o | ar
conmmuni cat i onswgrtoemtmmhwsl @#ngmnazbmpﬂlmuency Di vi sion Ml tipl exing;

I)Qe first ordering fictBfiffdio AbeiPEHERPR: ime §o&%§'&%§i§tea 0&rggauence S, to

synchronization channel, one of first and second synchronization signals, §; and 5,
wherein the first synchronization signal Sy comprises a pair of sequences, 5‘,., S ;
15 arranged in a first ordering and the second synchronization signal 53 comprises the pair
of sequences, §,,§ , arranged in‘ a second ordering;
togic configured to determine which of a number of predefined sequences best

matches the received sequence S|, which of the number of predefined sequences best

matches the received sequence S, and whether the pair of received sequences 5},5:}.

20 were arranged in the first ordering or the second ordering, wherein the number of

' predefinied sequences is selected from a group comprising N, different sequences,

1+¢!+8MJ
2

wherein Ny, is at least ccil( different sequences;

logic configured to identify the particular cell group by performing a cell

group identification process that includes determining with which cell group the pair of
25 received sequences, 5,,5‘, , is uniquely associated; and
logic configured to determine in which one of the two time slots asscciated
with the synchronization channel the one of first and second synchrdnization signals
was received by using information that indicates whether the sequences §,,§ y \;\fere

veceived in the first ordering or the second ordering,
30



received on a first set of one or nore sub-carriers, and the sequence S, to
be received 15 on a second set of one or nore sub-carriers; and the second
ordering of the pair of sequences, S' S causes the sequence S. to be
received on, the first set of one or nore sub-carriers, and the sequence S,
to be received on the second set of one or nore sub-carriers. 20 45. The
apparatus of claim44, wherein the First and second synchroni zati on
signals, S, and S2, and the sequences j, and Si are all of equal |ength.
46. The apparatus of claim4l, wherein: in the physical |ayer of the

cel lular comunication system synbols of?the 25 synchronization signal,
Si, are separated in a frequency domain; the first ordering of the pair of
sequences,; causefl.t ke sgateReEciSm 410wheeinr ecei ved on a first set of
frequencies, and the sequence Sf to be received on a second set of
frequenci es; and 28thetfli& oxdesiomer the prérdl nesiuerces, ta Spadusesalfie sqguens asbe S" Sf
causes the sequence S, to be received on the first set of frequencies, and
the sequence tierehad bdewirerstyingriha Seguengeonad set of frequencies. 5 47. The
apparatus of claim4l, wherein the logic configured to determ ne whet her
the pair of receivediesepidntiesng of thegjairnbrequarcesafg8 dosuses teaeduenats,as der i ng
or the second ordering conprises: |ogic_configured to determ ne whet her
the recei¥ved &ﬁémﬁﬂmingﬁﬁw§vmaﬁwSgwemndi-synchronization signal s
represents: 10 S, = aS, + 3S1; or wherein: ais a first multiplicand; /3
is a second multiplicand, a # 8. 15 48. The apparatus of .clai m47, wherein
each of the nul t43pl Theappsratuaobeidmidg, aherdln 8] @Kt Sy ade YR haMbnE@ T SARAKGS tO an
anount of signal anplitude, 49. The apparatus of claim47, wherein each of
the multipli Cﬁmgﬁ;ue cesra Sy & of fegeth #/2.

10 44, The apparatus of claim 41, wherein:

the physical layer of the cellular communication system employs Orthogonal

Frequency Division Multiplexing;
the first ordering of the pair of sequences, §,,S | causes the sequence S, to be
“received on a first set of one or more sub-carriers, and the sequence S ; 10 be received
- 15 on a second set of one or more sub-carriers; and

the second ordering of the pair of sequences, §,,8, causes the sequence §, to

be received on the first set of one or more sub-carriers, and the sequence S, to be

received on the second set of one or more sub-carriers.

20 43.  The apparatus of claim 44, wherein the first and second synchronization

signals, 7 and 8, and the sequences S and § , are all of equal length.

46. The apparatus of claim 41, wherein:
in the physical layer of the cellular communication system, symbols of the

25 synchronization signal, §), are separated in a frequency domain;

the first ordering of the pair of sequences, S",,S’j causes the sequence S"', to be

teceived on a first set of frequencies, and the sequence § , 10 be received on a second set -

of frequencies; and -



scal ar val ue and corresponds to an anount of signal power. 20 50. The
apparatus of claim47, wherein the first and second synchroni zati on
signals, Sr and S2, and the sequences S, and j, are all of equal |ength.
51. The apparatus of claim4l, wherein the logic configured to receive, in
one of 25 the tine slots associated with the synchroni zation channel, one
of the first and second synchronization signals S, and S2 conprises: |ogic
configured to receive the pair of sequences S;,S sinmultaneously. 52. The
apparatus of claim4l, conprising: 29 1logic configured to detect radio
frame timing by using information that i#dicates in which one of the two
time slots associated with the synchroni zati on channel the one of the
first and second sy j i .gnal egegv 53, Th par at us
of claim41l, wherei E{é? {'fteamli é‘g%ﬂéﬂ&gme%gﬁf gggﬂ?@c%ﬂg‘h a‘%g“t“’ Ehé: Sc%ﬁ?cfi%cg‘%)ar cel |
group by det egpik; ] | alrz of receiyed, sequences,
S, ,S, is uni Eﬁgﬁaeﬁoidgéréﬁwé%&%glﬁ“égé91’1‘5‘5‘% ge%g%ﬁf ng??rbgﬁectege%%th? he pair of
recei ved sequewtombse&iiStequianclepcate an entry in a | ook-up table. 10 54. The
apparatus of claim4l, wherein the logic configured to identify the
particular cell group by determning with which cell group the pair of
recei ved3 sequerdesTheSipBhratui of dininGUiehberd® 10 0ot RAF SOFANG i8Sl kAt | ON
circuitry. . a}% ,ThF ap&arat us of. ¢laim4l, wherein the logic configured to
det ermi ne i n WHIPER O "B THHECQEIdeR & S byere infrenasd itthe fArssudirae etthwidchnd he ‘
synchroni zat i - . 1he one of first and second synchronization

signal s was rgtggﬁ?%&g’bse&si ng information that indicates whether the
sequences S;, S, werlegic eodigued ta detdrintmefwitiesitr tbs dedivdagnobf hdBrsb8EAQRJMOT deri ng
conprises: a = table. apnd 20.1ogic configured to use the pair of
recei ved sequéﬂ%ﬁgm%t&)g%gﬁfgs%B%Saﬁngs' an entry in the |look-up table. 56. The
appar at lfg of claim4l, wherein theSlI:ngi‘@/jg’tj},n)fpi gured to determine in which

8, = f38, +a,§'!,
wherein:
& is a first multiplicand;

£ is a second multiplicand, o = 4.

5 48. The apparatus of claim 47, wherein each of the multiplicands, @ and B,isa

scalar value and corresponds to an amount of signal amplitude.

49. The apparaius of claim 47, wherein each of the multiplicands, « and A.isa

scalar value and corresponds to an amount of signal power.

20
50.  The apparatus of claim 47, wherein the first and second synchronization
signals, $ and Sy, and the sequences S, and ;SN’J. are all of equal length. |
51, The apparatus of claim 41, wherein the logic configured to receive, in one of
25 the time slots associated with the synchronization channel, one of the first and second

synchronization signals $) and S, comprises:

logic configured to receive the pair of sequences .§f,§j simultaneously.

52. The apparatus of claim 41, comprising:



one of the two tinme slots associated with the synchronization channel the
one of first 25 and second synchroni zati on signals was received by using
information that indicates whether the sequences S' SJ were received in
the first ordering or the second ordering conprises: calculation circuitry
that takes as input the pair of received sequences S,, §. 30 57. The
apparatus of claim4l, conprising: 30 logic configured to receive, in an
other one of the tine slots associated with the synchronization channel, an
ot her one of the first and second synchroni zation signals; logic
configured to determ ne whether a type_o39cell search procedure to be 5
performed is an inter-frequency cell search procedure; logic configured to

determ ne whet her thgid dRBzREd ©6 AblbctSRBS BAMPHERRE S ligng iBfolRatioR@ff Or med is an
inter-radio aq%gss tecpnolqg¥ cell search prpcgdure; | ogic, configured to
det er mi ne whet'MagaiasiRWRighanegt thedyp timg sloisrsispigiet diip esypeonizaignchimgd is an

intra-cell seandcdhePF 06Tkl bR seddhdlsP@honRANIs@uEISdhad @cdiRapONd to the type of
cell search procedure to be performed being none of the inter-frequency

cell search procedure, the inter-radio access technology cell search
procedure, or thss, i mhéapartds obE&RCH, PLASIE NS ic Mnfigled faddmtiAghe det er m ni ng

whi ch of the nunber o redef,i ned .sequence st t che 15 the received
sequence S o RGP B RS HTUHRE PIT SOCRRY) BREONEPSRERFRH 2ati on
signal s, whi cRepndeRES BUNDEHq@y ﬁg&%d'cefﬁg?%g%gm%@gm% uweﬁﬂﬁ%ﬂ he

recei ved sequence Sj 'of the other one o irst and secon

synchroni zat i oateb@R@lideed0E, WRLDEN ediian PRIk-uBtablceCel ved sequences S;, S,
of the other one of the first and secon synchroni zati on signals were

arranged in.the first ordering or the second ordering, 20 wherein the cel
group identificatio rocess rther jncludes.determning wt whi ch cel
group tﬂ? pai r g%‘r@@%ﬁwgaﬁggéﬁﬁﬁgts?%%9§§? %?C?ng%?ﬂﬁfaﬁﬁ%t‘? the first
and second symthwiartiel gtouphy sétgmidisg wish whicl)uel gropsbogiratl edeived

sequences, §,,S5,, is uniquely associated comprises calculation circuitry.

.55, The apparatus of claim 41, wherein the logic configured to determine in which
15 one of the two time slots associated with the synchronization channel the one of first

and second synchronization sighals was received by using information that indicates
whether the sequences §,,S , were received in the first ordering or the second ordering

comprises:

a lock-up table; and
20 logic configured to use the pair of received sequences S, 5} to jocate an enfry

in the look-up table.

56. The apparatus of claim 41, wherein the logic configured to determine in which
ore of the two time slots associated with the synchronization channel the one of first
25 and second synchronization signals was received by using information that indicates
whether the sequences §,,8 , were received in the first ordering or the second ordering
comprises:
calculation circuitry that takes as input the pair of received sequences S, 8

Iz

30 57. The apparatus of claim 41, comprising:
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logic configured to receivé, in an other one of the time slots associated with
the synchronization channel, an other one of the first and second synchronization
sighals; )
logic configured to determine whether a type of cell search procedure to be
performed is an inter-frequency cell search procedure;

logic configured to determine whether the type of cell search procedure to be
performed is an inter-radio access technology cell search procedure;

logic configured to determine whether the type of cell search procedure to be
performed is an intra-cell search procedure;

logic configured to respond to the type of cell search procedure to be
performed being none of the inter-frequency cell search brocedure, the inter-radio
access technology cell search procedure, or the intra-cell search procedure, by
performing: '

determining which of the number of predefined sequences best matches

the received sequence 5’, of the other one of the first and second synchronization

signals, which of the number of predefined sequences best matches the received

sequence § , of the other one of the first and second synchronization signals, and

whether the pair of received sequences §, & , of the other one of the first and second

synchronization signals were arranged in the first ordering or the second ordering,

- wherein the cell group identification process further includes determining with
which celf group the pair of received sequences, 5. ,ff, , of the other one of the first and

second synchronization signals is uniquely associated.



