1 MBSFN DOB CELL SEARCH AND GENERATI ON OF SYNCHRONI ZATI ON CODES TECHNI CAL
FI ELD The present invention relates generally to MBSFN (Ml ticast Broadcast
Si ngl e Frequency Network) DOB (Downlink Optimzed Broadcast) cell search
and generation of primary synchroni zation codes. BACKGROUND NMBVS
(Mul tinmedi a Broadcast Multicast Service) over single frequency networks
(MBSFN) has recently been specified in 3GPP for Rel-7 UMIS Terrestri al
Radi o Access (UTRA) systens. The MBSFN feature provides significantly
hi gher spectral efficiency conpared to Rel-6 MBMS and is primarily intended
for broadcasting high bit rate demangi ng Mobile TV services on dedi cated
MBMS carriers. Since it is broadcast only, MBSFN inherently targets trans-
m ssions in unpaired frequency bands. In gl ncy Net wor k)
transni ssion, NIBSHN ®0BERIIaSEABCH &@iﬁémz‘}r@ﬁa@ﬁf ormat the same
time such that a term nal ' i || base stations,
resulting in a behavior §w&§ﬂ§§@&%§§§a®?§$ For UTRA systens, SFN
transm ssion inplies that a cluster of tine synchronized NodeBs transmt
t he sane content using the sane channelization and scranbling codes. SFN
transmission is illustrated TECHNIGALME L a terminal, or nobile station
M5, receives signals fromtwo base stations BS1 and BS2. Wen using
cell -specific scranmbling, transm ssions fromthe right _han i de _base
Stha“ a 182 pmlk'*xgiﬂd%ﬁﬁgﬁ%tatém]gmera@ to MY éﬁi@h&%ﬁﬁ%ﬁfﬁgi agjr:g gal in
the adjacent“cell. In a si Broad ) otlhee nd,
inter- ceIgleiﬁﬁeﬂﬁ@?Yeﬁ@@v%qggaésﬁp&g%@%% mul ti-path transm ssion,
whi ch canal?fg&g&gﬂaﬁ%ﬁ fiatary Byntimenizatinfafiet-ecei ver as a desired signal,
resul ting 1n-consider aBIy i nproved coverage. MBSFN enhances the Rel-6 MBVS
physi cal |ayers by supporting SFN operations for MBVS point-to-nultipoint
(ptm transm ssions on a dedi caBé@ﬁBﬁ@@Mi er, It also supports higher
service bit rates and efficient tine division nmultiplexing of services for
reducing termnal battery consunption by allow ng di scoptin eception
(DRX)  of MECRA VRSN Brs@scash Mulsivestt §eyicst OE‘Fr‘aﬁﬁgfes{}g\%u Uus «ggnﬁ]{tor Rel- 6
MBMS ptm transm ssions. |n Ortgeg)?tﬁsf}%\%‘(édjﬁz SOPPUbr Ret-ZJiHIBOYeTER-t he MBSFN
feature tooaky (MBSEN) hgs UrEA’ € "WBSEN has been s‘pl(ﬁgé %{ fhichany bot h FDD
( Fr equencxﬁg IE& i QB (B A) asystsERD The MBSBNVPRTSH Piplex) “based physi cal
| ayer downlin (?DL%_ channel str %?Rel-@memed wimeipNAeRFdeband
Code Di vi diighervipeetrpl ﬁ&?{}&%%’m?’ ased) %SEJ& < Qdp ARUISEREA (Ti me
Di vi si on- ?gpg%@mgﬁn@ﬂ@ Wity irsteofenpreing] Mot dss DD based) = =NBSFN
based on TD- CDVA %.Ti e .DicgiifLsogr-oggggst[my,smmmmhem@ﬂmé%rg%fé) DD based)
The FDD r éfBMeY %’gles e WCDMA downl i nk common physical |ayer
channel s f,afssionananirgsired fofquacy b *no paired uplink transm ssions
occur. For the TDD related MBSFN, all slots are used for downlink
transm ssi ons when networks are optipmzed for.lhroadegstie vdeaceatiotes dupl ex
occurs i n MBSEN Q&iﬁgtehé‘r@ﬁﬁeﬂ?@ﬁeﬂég@rg}eéa%gﬁ%ﬁﬁg’ a?llgﬂT bas%ld e%@? t hen
mainly refer to.t hedﬁ@(&s' alrokRyar trel etmd tmeesuch thid HEFNBDI 16 servi ces
are time ndPEFPItRESANd the chip ratgﬁ;s | ) Lhe1ease @inildretoTOB BYES ons
TDSCDMA angghas8irdinpall FBSCONALORTHE® f‘}g rate for the tWP; de $102 QAL i on,
3. 84Meps TD-, b K@ esRATBFRStAedidsionHDRCS theabRAUTFaRsm tt T ng
downl i nk i fPthH S ors T he fean] ng_of IBReﬁB@sﬁ@QMShMWlﬂéﬁomn t he
sense t hat chmndzedl Bededec tipasmit FioXdeast”. As nenti oned above, the
di fference tﬁen Qﬁﬁﬁﬁé&,%s{ efers to the construction of the common downl i nk
physi cal cABARETS. refore, in an ongoing 3GPP work item pi the objective
is to specify the WCDVA based MBSFN approach as an addi t] dakeapt i on,
in which all @ﬂr SN Sofadijeateded or Fig; daﬁé’&’éﬁf“t‘?’fﬂiglag’d&d% I&Bgirllzl TODD option
has been r & erFed to as MBSFN vv%l isglgtﬂgﬂs@gﬁdnarmﬂca’ﬂen(lm CThe MBSFN
DOB ful fil gus etoevians STED@IWOF%&? aments. | n ge%aegcgecgwg HaiSeHs2
(Synchroni zati.en CHanpeh trensapdidng feormdhais f eterm ne slot and radio
frame sync Poni zat1on as wel | tr?%gg@eﬂfdrfmetthﬁnma@dp thogrdiggenk CE¥ | .

e termpal ,ca Glyit Peer§@bheespecific

as
G ven the graulg repmrsest intge-cgll ipte termpal y
scranbl i ng ,code_: dphdandyl aetoad, ian ¢as e cell search
procedur e 2 %O?L&rgﬂrél i;}Fgaéi‘vi ded int o bhreessiseps, whiclsican WH\‘B&‘???&% on 2.
Frame synchyhomiszar iaér@déHéP‘b"g&%ugrpgup [ ggnti fication 3. Cell-specific
scranbl i ng code detection The synchroni zati on channel consists of two
sub-channel s, the Primary SCH and the Secondary SCH, see The Primary SCH
is formed by a nodul ated code, the Primary Synchroni zati on Code (PSC). This
code is the sane for all cells in the system Wth e.g. a receive filter
matched to the PSC, the termnal can |ocate the slot timng of the cell by
detecting peaks in the matched filter output. The Secondary SCH is forned

. o e - . - ~



MBSFN having the follow ng properties: is a hierarchical Golay sequence

constructed by two constitu- ent sequences xj,"e,,, and x2i"ety , each of
|l ength 16 chips, in accordance with: y(0 = x2.(i mod 16)* xinme,", (i div
16), i =025 =p * (0) , y (1) , , y (255)) where is a Col ay

conpl ementary sequence to a correspondi ng constituent sequence xl
=(1,1,1,-1,-1,1,-1,-1,21,1,1,-1,1,-1,1,1) for generating the primary
synchroni zati on code for non- MBSFN capabl e WCDMA, is a sequence that is
orthogonal to both a correspondi ng constituent sequence x2 =
(2,2,2,21,1,1,-2,-1, 1,-12,1,-1,1,-1,-1,0 for generating the primary
synchroni zati on code for non- MBSFN capabl e WCDVA and a constituent sequence
b=(1,1,1,21,2,2,-1,-1,-1,1,-1,1,-1,1,1,-0 for 6 generating the secondary
synchroni zati on codes for non- MBSEN ca: pab] @hes a phase
rotationtweﬁnegﬁﬁﬁ@@-ﬁveﬁeééﬁp?é%sﬁﬂﬁﬁgwaﬁfﬁbune 8§ﬂ§§9%gﬁﬂsed to
generatelﬁbQ$¥5§%ﬁ&Qfonization channel structure for MBSFN, in which the
new PSC i's "all ocated to predetermned tine slots of franes and PSCs used in
non- MBSFN capabl e WCDVA are all ocated to any renmaining ti %Iogg of the
franes. %Bgr&g%ﬂk@%e@hﬁ: Rese MBHS shysiaat la}’@essb}’iﬁaﬁﬁogﬂﬁp? P8 % enerat e

such a sync ni zati on channel fra i 1N ennawdpdicaray
synchr onitions & S Bﬁrﬁﬁoﬁﬁgﬁt\ﬂoﬁl &%&&Qﬁghﬁ% a

THE DRAWJ\I%QE i nélglr]ti on,
toget her wishhis Eavridiert 05 eappons tigitv aardgebitiRESHIC © &8p° Bg
under st ood by makjng.reference t QM) iRESY icphiamptiakdry t oget her
with the ‘&E@Br%%&ﬂlgﬂn%lpg\ﬁf%%e? f?rn;'%c%% éeFi g. 1.is Eﬁ]di aigrtﬁgnsia{rleust rating
t he SFN piiidishpl@scdhitiguoRsi meeptitiraPBR) P pervigest MRPIh&SET Uk (ire of the
WCDMA synchroni - zation_ch 1.6 MBMS s @afé@gssionst | | ustrating the
struct ur eYBf Oéﬁh%%‘ﬁ}ﬁf‘ﬁé’r?teag&etz 1eé::ch)/% marﬁy synchroni zati on channel in
accordance with the present invention; Fig. 4 is a diagramillustrating the

structure,  of an exanpl.e QUiHEEIBSON fehturertormyyyexisting

synchr oni Ii‘af‘fd%ﬁ t&%}rﬁg s?x%oogigg%{r% a%t?g?vm t h éh p@sg‘?g ﬁé}%&?rﬁiv%n Fig. 5is
a di agr anuTRAUS/stat] NBSIRNE hes rsen (Apecifed dof S%Q’ng of %g@mél%gé])ﬁ her
enbodi ment. of the (pki 2 26 biba M E@kioraset grineical tayge th the

pr esent |{r.?b‘8$ﬁx§ gﬁdp@]g%%nié?iﬁgPﬁow }?ha)rt of an enbodi nent of a method of

gener at i nghamdVB8ENOpresrary synchroni zati on channel frame in accordance
with the present invention; 7 Fig. 7 is a flow chart of another

channel fr ame MASEHCoRaanee UEPHLA N GRa s Dy O aple FTeEeh 8 s

flow chart of (§bid Lagapt her enbodi ment of a nethod of generating an MBSFN

primary synchroni zation channel frame in accordance with the present

i nvention; and Fig. 9 is a block diagramof part of %ﬁ%ﬁﬁv?«t ation

configured i GRAENIBASR vhiTD SCRMA(@ime Bivigion REIEIERENT H°Vent | on.

DETAI LED DESCRI PTI ON | fir lfent, illustrated in Fig. 3; the

Primary SCH setien iy %ﬁﬁfﬁfwgggr%r i s nodul ated by a new PSC. The

new PSC i s orthogonal to the PSC and SSC specified for V\(:DI\/AN@ _an(iIE‘SI:D CDMNA.

Due to the ortho ity., and.l SiCoiigbalCale Pivigien &ip FN DOB

carriers (cel I&'[)B%S‘Ir&gl:’ﬁ%d@ﬁg‘eé\% e ‘for any non- MBSFN DOB capabl e

term nal s. Thece%@Kgrmarbﬁseﬂ-l sent on the MBSFN DOB carrier is the sane as

specified for and no tine offsets are applied to the synchroni zation

codes. In further enbodinments, illustrated. n Fig. {cBeiakEd mary SCH

sent on t hg, MBSHNRABI 0aBSFNruses tha WREM G?anpﬂﬁgé}sllﬁgﬂqﬁﬁ _t\/\é)i?il ots, of

a frame nodul ated_by the P ghid ethdf A6 PAGREIUPRSONPRNISHEAD® i°h™ t he

r emai ni ng @%Fsogorttﬁ%nsfrpg%@rﬁggu at ed P the new PSG (BEGki Msmis- €. 1. |f

PSOMCOMA i §alfbpene aDD mekited MERSFWhY & Qis gr%_u_sﬁ/, hen PSCaEw i s_al | ocat ed

in slots not e%al Lo # Of %fa,guhs@é@fdrﬁmaddast. Plente, PSORPIFFIAYS

al | ocat ed FAPSMOFE WK lé #16-8, wher e kFﬁ@@ng@g%&ﬁmmsﬂaaﬂ ocated
I'g. 5

an
in sloth ngt MESRN ahd e difftrences RBRVEHR No tine, offset is

applied to PSOnczpA .and PSG, t:sw. slohgerridtsy tiad weaysMebis (L Vapeifs®

begi nni ng W‘g’\%?gﬁégs%& g&%ﬁ%& ltsL ‘the Pri %}éﬁ%gg&héﬂﬂb apabheTD-

enbodi ment 4 ¢t figeSecttijlared SOlighs P SHCEHB carrier is constructed
as in FDD and TDD g ﬁéSI\ﬁgﬁsqﬁ{{t@MAb%ewﬁb robee fagothst i APDs@Rfthce a
defi ned inSSF?NEPS]an epl"faced™with the corr&iggg)q%gg constituent sequence used
t 0 const r ugig4thgsiEwEBEA; by BrectriPe 25 ESET | je- low). Wth the above sl ot
arrangenment of the primary synchroni zati on codes 133CwonmA and PSCNEw, a

| egacy TD-CDVA terminal trying to access an MBSFN DOB carrier wll find at
nost two peaks within a frame when conflating receive signals (matched
filter output) with its primary synchronization code. In this case, the
cell search time will not be |longer than for a | egacy TD- CDVA term nal
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p* (0, vy (1) , , vy (255)) where p denotes a phase rotation represented
by a conpl ex nunber, for exanple p = (1 j) . The constituent sequence x1lis
chosen as a Gol ay conpl enentary se- quence to the correspondi ng constituent
sequence x1 associated with the PSC defined in [2] for WCDVA. Wth Rx (k)
and Rri (k) denoting the aperiodic autocorrelation functions of the
sequences x1 x1, respectively, the constituent sequence xlote," shall thus
be chosen such that: 9 In (2) Cis a constant integer and 8 (k) represents
t he Kronecker delta function, i.e. 8(0) =1, otherwise 8(k) = 0- The

constituent sequence x, follows from Appendix Al in [2] as: (3) The
conpl enentary sequence to xi is: 3

(4) The constituent sequence x2, in (1) is orthogonal to the consti-tuent

sequence x2 used to generate the hierarchical usade@s Hehe PSC for
WCDVA andwheh |toamssrhitomg (e nkpkan all Slf,ts’fgef?eai‘,slﬁg,%?-t? 1)1, -1, 1, -1, 1,

-1, -1, 1 ()ré%s) PEH{%CP% TRE SsensB QRGOS dtplentocseruambsosdiefed}s MF1) is al so

orthogona‘f e constltuent sequence u o eRst @b e tloheofhiner ar chi cal
sequence tised akovchdhSoHigenss “\‘/%Dﬁﬁ,sm 1B’dréf:f%%l tE)Owtskg:f rom /|2 . b=<1, 1, 1,

Lo bbb dovinok phydicat Sndaras ~Ih(r6pra) ini 8¢ %*gog&’q%‘éﬁge“é‘”}‘or X2
a

sati sfying the above two orthogqnpal it | £HHS0hysdadiabbanl bel ow.
Tabl e 1 Caendi{dhthe @@W@é@ﬁ&fg—’mﬁfz@ee‘&c‘%@? ﬁf&%ﬁ B gl -1 1,
‘1, 1, -1, yaihionds TBDlopton, lin which all Blots ze Zedicated forybroageas, ThIS 1y 37
b additional TDD option has been. referred to as MBSFN Downlink Optimized

Broadcast (DOB). The MBSFN DOB fulfils relevant TDD RF requirements.

In cell search, the SCH {Synchronization CHannel) is used by 2 terminal to
determine slot and radio frame synchronization as well as to identify the

group code of the cell, the terminal can detect

ell. Given the
group code of a C .

the cell-specific scrambling code {and midamble code in case of TDD

cell search procedure is normally divided into three steps:

1. Slot synchronization -
9. Frame synchronization and code group identification

3. Cell-specific scrambling code detection
The synchronization channel consists of two sub-channels, the Primary SCH
and the Secondary SCH, se¢ (2,13}

e The Primary SCH is formed by & modulated code, the Primary Syn-
chronization Code (PSC). This code is the same for all cells in the sys-

. H 1 —
tem. With e.g. a receive filter matched to the PSC, the terminal can lo

cate the slot timing of the cell by detecting peaks in the matched filter

output,

o The Secondary SCH is formed by a repeatedly transmitted sequence (.)f
modulated codes, the Secondary Synchronization Code's (?SC), and 1:1
transmitted in parallel with the Primary SCH. The SSC indicates Wh;c1
of the code groups the cell-specific scrambling code belongs to and the

i i ization.
asC also provides the possibility to obtain frame synchronizafio



In WCDMA, and 3.84Mcps TD-CDMA systems, the 10 ms radio frames of the
synchronization channels are divided into 15 slots, each of length 2560
chips. The PSC and SSC have a length of 256 chips and the mechanism to
generate these synchronization codes is the same for WCDMA and 3.84
Mcps TD-CDMA, but the allocation of the codes within the frame differs.

In the case of WCDMA, the synchronization codes are allocated in each slot
as illustrated by Fig. 2, whereas in TD-CDMA there are two possible alloca-
tions of the SCH codes within the frame:

1. In slot #k, where k =0....14
2. In two slots, #k and #k+8, where k=0..6

In WCDMA, the PSC and SSC are always allocated in the.beginning of the
slots, as ilustrated in Fig. 2, whereas in TD-CDMA a time offset can bhe ap-
plied to the PSC. Furthermore, in WCDMA the Secondary SCH is formed by
one sequence of SSC, whereas in TD-CDMA three SSC sequences are trans-

mitted in parallel.

When deploying MBSFN based on WCDMA common downlink channels in
UMTS unpaired frequency bands (i.e. MBSFN DOB in TDD bands), there
might be some impact on roaming legacy (older) TD-CDMA terminals with
respect to cell search at power-on. A legacy TD-CDMA terminal that expects
to find synchronization codes in at most two slots per frame could experience
longer cell search times (depending on the particular implementation}, due to
the deployment of the WCDMA based synchronization channel structure in
the unpaired spectrum. It may have to evaluate 15 positions within a frame

in order to find out that it actually cannot access the MBSFN DOB carrier.

A WCDMA (and non-MBSFN capable) terminal trying to access an MBSFN
DOB carrier performs the cell search steps and then reads system informa-
tion on the broadcast channel (BCH] to find out that this carrier is barred. In
this case. however, the WCDMA terminal may not Uy to perform the cell

,1-1_> -1_0 31<1., E]_l, 1-1, 11,1 1, 1-1, 11, -1, 1, 1, -1, -1,1, 1, 1, 1> 4
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10 «1, -1, -1, 1, 12, -2, 1, -1, -1, -1, 1, 1, -1, -1, -1, -1> 11 <1, 1,1,1,
-1, -1, 1, 1, -1, 1, -1, 1, 1, -1, -1, 1> 12 <1, -1, 1, -1, -1, 1, 1, -1,
-1, -1, -1, -1, 1, 1, -1, -1» 13«1, 1 -1, -1, -1, -1, -1, -1, -1, 1, 1,

-1, 1, -1, 1, -1> 14«1, -1, -1, 1, -1, 1, -1, 1, -1, -1, 1, 1, 1, 1, 1, 1>
Any of these sequences can be used to construct the new PSC. The preferred
one however is -1, -21,1, 1, -1, 1, -1,1, 1, -1, -1, 1, 1, 1, 1)(7) as this

sequence will have the smallest sidelobes inits cross-correlations with
the existing PSC. Using the two constituent sequences xline. and x21(1) to
generate the PSC code Cpse,",," , we obtain: Cpsci",", =p * (a, a, -a, a,

-a, a, &, &, a, a, -a, a, & -a, -a,5a)(8) where 11 The leftnost chip in
Cpse. new corresponds to the chip transmitted first in tine. In t he
preferred enbodi nent, the Secondary Synchroni zatjgn Cg es, [gﬁx are
gener at echeaschmhhﬁmFWraqmbxwmfﬁlmdmﬁ%P@pkﬂ%‘ﬁle §HP5UHETRECERS t he
sequence .b above |s_.const @ém e: e€ihsdartiuent
sequence R%* 5099 o {Hﬁ%g,?reaﬁg{%% %a%gﬁ%@ = j>{<2 Ln the third
enbodi - r@npowsenir fmmeadrcmlnmmg WERM/Sgad W&@ﬁ@r%ﬁ%‘&l%? PPYHE D and TDD

3.84 Mcps, option, 1e CFS case the sequence b is constructed fromthe
el enent s f cf:ﬁ%s‘é%%%f uen sequence x2,neu, used to construct the new PSC
The procedure described above may be summarized as: |. Send a new prinmary

synchr oni Ion EN X Bsh R Hragizhtidratedesefor MBEFEMOR inThe new
primary sé CHP SR za%u%gg I\%ﬁ P% or?%&gonal to existing PSC and SSC of the

FDD and Tibb saptd way aD{@DNEDMA. The constituent sequence ;nu, of the new PSC
sequence and that of the PSC of FDD (and 3.84 Mps TD CDI\/A) x forma CGol ay
conpl ementary sequence pair. 4. The&mwent sequence x2of the new PSC
is selected to have good aperi odiU relation properties and | ow
aperiodic cross-correlations with existing PSC. Fig. 6 is a flow chart of
an enbodi nent of a nethod of generating an MB F@Iégrlc O¥ sc%nﬁggg |zat| on

channel anrmaJa:cm (ﬁcthermtam inventtiarhis tr BIEFRYC © n step t he new
PSC Caci new. i Lesebeidaednt i ne slots of a pri mary
synchr oni SR %tgﬁ;qfaﬁl%ﬁ I'n steg@SZ a primary synchroni -

This object is achieved in accordance with the attached claims.

Cpmnew , for

Briefly, the present invention is based on a new PSC, denoted

MBSFN having the following properties: |
C is a hierarchical Golay sequence constructed by two constitu-

psenew

ent SEQUENCES X, o, 8nd X, » €aCh of length 16 chips, in accordance with:

() = Xy ({ MO 16) % %1, (1 div 16),  1=0...255
Cpsc,n.ew = P (y(o):y(l), Ve ,y(255)>

where

is a Golay complementary sequence to a corresponding constituent

{1,1,1,-1,-1,1 1,-1,1,1,1,-1,1,-1,1,1) for generating the

primary synchronization code for non-MBSFN capable WCDMA,
to both a corresponding constituent

xl,new

sequence X, =

Xp e 18 8 SEQUENCE that is orthogonal
(1,1,1,1,1,1,-1,-1, 1,-1,1,-1,1,-1,-1,1} for generating
e WCDMA

sequence X, =
the primary synchronization code for non-MBSFN capabl

and a constituent sequence b=(1,1,1,1,1,1,—1,—1,—1,1,—1,1,—1,1,1,-1} for



zation code PSCircwmused in non- MBSFN capable WCDVA is all ocated to any
remaining time slots of the frane. 12 Fig. 7 is a flow chart of another
enbodi ment of a nmethod of generating an MBSFN primary synchroni zation
channel frame in accordance with the present invention. In step Si the new
PSC CpSC, TIEIV is allocated to all tine slots of a primary synchroni zation
channel frane, except tine slot #k, where k is one of the integers 0...14.
In step 82 a primary synchroni zati on code PSOCmom used i n non- MBSFN
capable WCDVA is allocated to tinme slot #k of the frame. Fig. 8 is a flow
chart of still another enbodi nent of a nethod of generating an MBSFN
primary synchronization channel frameg n accordance with the present
invention. In step Si the new PSC Cis allocated to all tine slots of a
primary synchronization channel frame, except time slots #k and #k+8, where
k is one of thegéneraijeg $ho sec@rdarm Sﬁﬂﬁﬁ%gaﬂobrqoﬁﬁ YOS MBRTY % on code
PSCi rcam used i N_capable WCDVA is allocated to tinme slots 41k and
#k+8 of the fraﬂe&glﬂﬁé@% |agl{aa bl ock di agram of part %& a base station
configured im d&@@%@aﬁb@e\ﬂﬁl%fwt‘?ﬁg 25PMPEE PYESENt i nvention. In
Fig. 9 only elements necessary to explain the present |nventi on are

i ncl uded. Physical downlink channels PPHY1, PHY2 are sunmed (after

wei ghti ng The mmﬁpeﬂsm@y tengseGXe gepsirde 1 KasY gynghionizaipmahrBRELATHC 10, The
out putof UL bk Ehévﬁhehstﬁe%g\@rw@ i§ BARLNGE FUMBIhRRAUALE 12,

where it i's conbl ne rimar secondaré’BC nchr on| zat|
channel s PI@SHSL f@d’@@-ﬁl@d\é’ﬁ@iﬂwdby noabwmw Masge & §) The

secondary 8y, i AL BEeSagELki s forned as in V\CDIVA The primary
synchroni ztg’t&{}%w gﬁéﬁﬁgme CH |sb}eofrred by connecting a switch SWeither to
a code generator 14 generating the conventional code PSCwomA or a code

gener at of A6 sy Ahbile Hie SelforPBihicmlies stk iogehsravostelobl ed by
PSC controller 18. i's controller, can gudeﬁ pted to produce,a P-SCH in
h mg%‘}

accor dancesywchreragatioss channgl Jrame {hal St it i R e S

f orwar ded &g, dodwdul ator 20, and the resulting bandpass signal is anplified
and transmtted. 13 As an alternative a single code generator may be
dynam cally reconfigured to produce the appropriate code, PSCWDMA or
PSCNEw. The functi ongRIEY DESORIFHRIONUSFOTEEK DRAWNNESal | y i npl emented by
one or several mcro processors or mcro/signal processor conbinations and
correspondi ng software. It will be understood by those skilled in the art

that vari opg #REAfidEabiGRST 3G ﬁ%ﬁ%@ﬁ@%ﬁxﬂﬁa@%ﬂa@@ thbeeofireapbtsti nvent i on
wi t hout departure fronthe scope there % 'Chd' s defi tlaﬂeQX éﬁ% appended
clains. 1 WFENQES’ mpekingefreaesto rfﬁ?i1 B CGed Oﬁ’t PENBSEN

Downl i nk %ﬁ@am&%%g i AhidGPP TS 25 213, "Spreading and
nodul ation (F F‘%E ReI ease P TS %g 223, " Spreadi ng and nodul ati on
(TDD)" Rel ease F&: [L4p a@éﬁ“&é’%’é’&ﬁf@%‘f‘gﬂeé RIGRF 36PP TS 25. 213, 3GPP

TSG RANL Meet i gy 45(, 2 & il ety tRDstPdcting oD ST WABBRE\AYAThIONS

BCH: Br oadcast channel - Downl i nk Optim zed Broadcast FDDFrequency

Di vi si on CERSPEECIRBNE: Ml ti medi a Broadcast Multicast Service MBSEN: Mul ti cast

Broadcast Si ngirgy. B anpensyrabieiivtiatR§GHer struatyreSyheheoniofirenh oChe

SCH: Synchr oni zat1 on chan el §SC: Secondar TD- CDVR
Time Di vi SPOREBLTECHY qzlfﬂ’ e RAARCE %%%%%W%’émnm

Di vi si on- Synchgghouss W&N%mh&i@lmmtmmme@fsaﬂmﬁﬁ o &2th®n Dupl ex
UMTS: Uni ver sal , Mobi | e Tel ecommuni ca %{@%ﬁmd al Radio
E%i %I pﬁl %mcess

Access WCOWROSHHBSBARY oo RSB Y S 6H 15 CLAIMS 1. An MBSFN
primary symebéryinzaitiony code, denoted Cp","e"" characterized in that

Cpsc,"no is a hjer rchl tﬁﬂ:@éﬁer dxbyinioner éfinshi t uent
sequences Xxi," & %%ﬁmo# eng?‘%q%g%c I ?{ﬁ&gccorga e Wtﬂ\m y= x27,
(i nod 16)6ﬂ1§ﬁdnn%odﬁ)entlcr£ tBe prima@§Hyachronigaj 0{16')118nn9 IP1ecOTGEssE W her e
x17, y CO Ienentary sequence to a correspond|ng constituent
sequence X e:PrfTr;’E Y901,-1,-1,1,1,1,-1,1,-1, 1, 1gljeneratl ng the
primary synchr @i, Aals arﬂomodham‘to:rf amnmhg&miftt a%ﬂ@%ﬁgge sBhuence
that is ort to bot s Ahn &L GUBNGR pe2- =
(1,1,1,1, M %%%%np%maiy S0 %‘Fq%t{o ﬁ%&%éﬂgﬁlgﬁﬁl ng the pri npgry

synchr oni zgnit diveptids; f or non- MBSFN capabl e WCDMA and a constituent sequence
b=(21,21,1,1,1,1,-21,-1,-1,1,-1,1,-1,1,1,-1) for generating the secondary
synchroni zati on codes for non- MBSFN ca- pabl e WCDVA, and



p denotes a phase rotation repr
; ! esente
synchroni zati on code Cpsc,"etP of «cl aidmb{ a conpl ex nurber.

= p* (a, a, -a, a, -a, a, a, a, a, a
selected fromone of the follow ng 14 sequences: 1

-1>
2 1,

<1,

S1, 01, -1, 1, -1:4, 1, 1. 1, <1 .
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Fig. 7 is a flow chart of another embodiment of a method of generafing
an MBSEN primary synchronization channel frame in accordance with the
present invention;

Fig. 8 is a flow chart of still another embodiment of a method of gener-
ating an MBSFN primary synchronization channel frame in accordance with
the present invention; and

Fig. 9 is a block diagram of part of a base station configured in accor-

dance with an embodiment of the present invention.
DETAILED DESCRIPTION

In a first embodiment, illustrated in Fig. 3, the Primary SCH sent on the
MBSFN DOB carrier is modulated by a new PSC. The new PSC is orthogonal
to the PSC and SSC specified for WCDMA and TD-CDMA. Due to the or-
thogonality and low cross-correlation properties, MBSFN DOB carriers {cells)
are not observable for any non-MBSFN DOB capable terminals. The Secon-
dary SCH sent on the MBSFN DOB carrier is the same as specified for
WCDMA and no time offsets are applied to the synchronization codes.

In further embodiments, illustrated in Fig. 4 and 5, the Primary SCH sent on
the MBSFN DOB carrier is in one slot, or possibly in two slots, of a frame
modulated by the PSC specified for WCDMA (PSCwepma) and in the remain-
ing slots of the frame modulated by the new PSC (PSCnew), L€

1. If PSCwcpma 18 allocated in slot #k, where k = 0....14, then PSCrew is
allocated in slots not equal to #k of the frame (Fig. 4).

9. If PSCwepma is allocated in slots #k and #kt8, where x = 0...6, then
PSCrew is allocated in slots not equal to #k and #k+8 of the frame (Fig.

5).

No time offset is applied to PSCwepma and PSCrew, and thus they always
start at the beginning of slots associated with the Primary SCH.

1, 1,

-1, -1, 1, 1,

_ 2. The primary
characterized in that Cpse,"e,"

-a, a, a, -a, -a, -a) where ais

_11

_1,



-1,
1,

-1, 1, 1,1
-1, -1, 1

) L 3 <1, -1
, 1, 1, -1> 4 <1, 1, 1, 1, -
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In another embodiment, the Secondary SCHs sent on the MBSFEFN DOB car-
rier is constructed as in FDD and TDD 3.84 Mcps option, but with the con-
stituent sequence a defined in [2], [3] replaced with the corresponding con-
stituent sequence used to construct the new PSC (procedure described be-

low).

With the above slot arrangement of the primary synchronization codes
PSCwepvia and PSCrw, a legacy TD-CDMA terminal trying to access an
MBSFN DOB carrier will find at most two peaks within a frame when corre-
lating receive signals (matched filter output) with its primary synchronization
code. In this case, the cell search time will not be longer than for a legacy
TD-CDMA terminal trying to access an MBSFN TD-CDMA carrier.

The new PSC, denoted C, new in the mathematical description below, of

length 256 chips is constructed as follows: The new sequence can be con-

structed from two constituent sequences X, and x,,,,, ¢ach of length 16

chips, in accordance with:

(i) = Xy pey (1 MO 16) % X, (i iV 16), i=0..255

Coronen = P*(¥(0):7(1). -4 (255)) (1

where p denotes a phase rotation represented by a complex number, for ex-

ample p=(1+ j).

The constituent SCqUENCE X .., IS chosen as a Golay complementary se-
quence to the corresponding constituent sequence X associated with the
PSC defined in 2] for WCDMA. With R, (k) and R, (k) denoting the apc-
riodic autocorrelation functions of the sequences Xy and x,, respectively,
the constituent sequence X, ,, shall thus be chosen such that:

R (k)vt-Rxl(k):Cxé(k), k=-15-14,...18 2)

Xlnew



1,1,-1, 1, 1, 1, 1, -1,-1, 1, 1> - -
6 <1’ 1,4, -1, ’ ’ 5 1, 1, 11

In (2) C is a constant integer and & (k) represents the Kronecker delta func-

tion, i.e. 8(0)=1, otherwise §{k})=0. The constituent sequence X, follows

from Appendix Al in [2] as!
X "—“'(1:1:1’"l"}-:l:'ls"l:}-:lsl:'l:1:"1:1::1-) (3)
The complementary sequence to x, is:

xlm=(1,1,ml,l,-l,l,l,l,1,1,—1,1,1,—1,-1,-1) (4
The constituent sequence X, in (1} is orthogonal to the constituent se-

guence x, used to generate the hierarchical sequence used as the PSC for

WCDMA and follows from {2]

x=(1,1,1,1,1,1,-1,-1, 1,-1, 1, -1, 1, -1, -1, 1) (5)

Furthermore, the constituent sequence X, in (1) is also orthogonal to the

constituent sequence b used to generate the hierarchical sequence used as
the SSC’s for WCDMA, and follows from [2] as:

p=<1, 1, 1,4, 11 ~1 -, -1 1, -1, 1, =1L 1, ~1> (6)

A list of sequences for X .., satisfying the above two orthogonality properties

is given Table 1 below.

Table 1 Candidate sequences for X,

Xy netw

<1, 1,-,,1,-1,-, 1, ,1,1, 1, 1, 1,-1,-1>

2 <1, I, "11 '1: 1, 1) 1, Is 1, -1, “1; 1, 1, "lv 1, -1>




1, 4, 1> 7 <1, -1, -1, 1, 4,
- 1, -1, 4, 1, -1, 4,
11 11 -11 -11 1, ‘1,

, 4
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<1,-1,-1,1,1,-1,1,-1,1,1,-1,-1,1,1, 1, I>

<1,1,1,1,-1,-1, 1,1, 1,-1, 1, -1,-1, 1,1, -1>

<1,-1,1,-1,-1,1,1,-1,1, 1,1, 1,-1,-1, 1, 1>

<1,1,-1,-1,-1,-1,-1,-1,1,-1,-1, 1,-1, 1, -1, 1>

<1,-1,-1,1,-1,1,-1, 1,1, 1,-1,-1,-1, -1, -1, -1>

ol =3} Ov Gy Al W

<1,-1,1,-1,1,-1,-1, 1,1, -1, -1, -1, -1, -1, 1, 1>

9 <1, 1: "1) "1: 1) 1, 1: 1: "'1, 1: 1: “11 "1: 1} "1: 1>

10| <t,-1,-1,1,1,-1,1,-1, -1, -1, 1, 1, -1, -1, -1, -1>

11]<1,1,1,1,-1,-1,1,1,-1,1,-1,1,1,-1,-1, >

12]<1,-1,1,-1,-1, 1,1, -1, -1, -1,-1,-1, 1, 1, -1, -1>

i31<i,1,-1,-1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1, -1>

14| <1, -1,-1,1,-1,1,-1,1,-1,-1,1,1,1, 1,1, 1>

Any of these sequences can be used to construct the new PSC. The preferred

one however is
xz,rww 2(1, "1, ""1;1: 13 _'1: 1! '_1:1’ 1, —'1, "'1! 1’ l’ 1’ 1) (7)

as this sequence will have the smallest sidelobes in its cross-correlations

with the existing PSC.

Using the two constituent sequences X, and X, in (1) to generate the

PSC code C, e » WE obtgin:

Cpsorew = P * (a,a,-a,8-23 32 2,4,8, -8 822 & -a) (8)

where
a=aw=(Lmk¢LL~LL—LLk%wLLLLQ (9)

1, 4,
-1, -1, -1,



1> - -
L i? fi, -i’ 11,11,41,1-1, 1, -1, -1, -1, 1, 1, 4 -1, -1, -1> 11 <1, 1
L1 -1 -1 10104 21,01, 1.-1, -1, 1>12° <1, -1, 1, -1, -1, 1, 1,

y y y T 4y 41 11 11 -11 -1> 13 <1, 1, '1, ‘1, ‘1, ‘1 ,‘1 , , , ,
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The leftmost chip in C, new corresponds to the chip transmitted first in time.

In the preferred embodiment, the Secondary Synchronization Codes, SSCs,
are generated as in the FDD and TDD 3.84 Mcps option. This means that the
sequence b above is constructed from the elements of the constituent se-

quence X, as described in [2] and [3], in which a=x,. In the third embodi-

ment mentioned above, the SSCs are generated as in the FDD and TDD 3.84
Mcps option, but in this case the sequence b is constructed from the ele-

ments of the constituent sequence X, ., used to construct the new PSC.

The procedure described above may be summarized as:

1. Send a new primary synchronization code for MBSFN DOB to facilitate

cell search.

2. The new primary synchronization code is orthogonal to existing psC
and SSC of the FDD and TDD option TD-CDMA.

3. The constituent sequence X, of the new PSC sequence and that of
the PSC of FDD (and 3.84 Mcps TD-CDMA) x, form a Golay coniple-

mentary sequence pair.

4. The constituent sequence X of the new PSC is selected to have

good aperiodic autocorrelation properties and low aperiodic cross-

correlations with existing PSC.

Fig. 6 is a flow chart of an embodiment of a method of generating an MBSFN
primary synchronization channel frame in accordance with the present inven-

tion. In step S1 the new PSC Cpppew is allocated to predetermined time slots

of a primary synchronization channel frame. In step S2 a primarty synchromni-
zation code PSChemy used in non-MBSFN capable WCDMA is allocated to

anv remaining time slots of the frame.



-1, -1, 1, 1, 4, 1, 4, 1,4> 14 <1, 4, -1, 1, -1, 1, -1, 1, 4, -1, 1, 1, 1,
1, 1,1> 3. The primary synchronization code C psci"etv of claim 2,
characterized in that a = (1, -1,-1, 1,1, -1, 1, -1,1, 1,4, -1, 1, 1, 1,
1). 4. An MBSFN synchronization channel structure including a primary
synchroni zati on code, denoted C psenerv , characterized in that Cps,,," is
a hierar- chical Golay sequence constructed by two constituent sequences X
| i new and x2i", each of length 16 chips, in accordance with: y= x2nod
16)*div 16), i =0 ... 255 =p * (y(0),y (1), ,y(255)) where is a CGolay
conpl ementary sequence to a correspondi ng constituent sequence xl
(2,1,2,-2,-2,2,-21,-21,1,1,1,-1,1,4,1, 1?2for generating the primry
synchroni zati on code for non- MBSFN capabl e WODMA, Xxy,riew is a sequence
that is orthogonal to both a correspondi ng constituent sequence x2= (1

.1, 1,1, 1, Fig.17 44 a flow Ighbrt &f anetber embpdimentgeine matthad of Eenpratingr §o
synchroni | code for - MBS I EAQ@%C@&(@ | t sequence
b.(1,1,1, ﬁégﬁfﬁmaiy %ymfl}ﬁﬁnl@é@l\'fﬁéﬂﬁ i?or 1 geng?gfﬁg{[ ﬁlclejﬁgecondary
synchr oni zeht divenddesir sepriintHvBERNPEE-Cpah)ie alopiad tand ngslys®é a phase
rotation represented by a conplex nunber. 5. The s ng#hro | zati.on _channel
st r uct ur e opriviazy ayachrenigetien shppeg f}'arfn?’t’r’é‘tce@p%@?"%’,t' kzwg"e*'e }‘és %° -a, a,

“& A A dhihdi ?e§ei~§"0.,<'?‘14.aln 5Rp S?‘% plﬁ&leﬂ\@?fi&n@niz&tiaﬁlc@%eﬂsd%@m one of

the followmng 1 equences: <1, , 1, -1,1, -1, -1, 1. 1,
used in non-MBSFEN capable WCDMA is allocated to time slot #k of the
frame.

Fig. 8 is a flow chart of still another embodiment of a method of generating an
MBSFN primary synchronization channel frame in accordance with the pre-
sent invention. In step S1 the new PSC C,,. ., is allocated to all time slots of

a primary synchronization channel frame, except time slots #k and #k+8,
where k is one of the integers 0...6. In step S2 a primary synchronization
code PSChpu Used in non-MBSFN capable WCDMA is allocated to time slots

#k and #k+8 of the frame.

Fig. 9 is a block diagram of part of a base station configured in accordance
with an embodiment of the present invention. In Fig. 9 only elements neces-
sary to explain the present invention are included. Physical downlink channels
PPHY1, PHY?2 are summed (after weighting by factors G and Go, respectively}
in a summation unit 10. The output of summation unit 10 is forwarded to an-
other summation unit 12, where it is combined with the primary and secon-
dary synchronization channels P-SCH, $-SCH (weighted by factors Ge and Gs,
respectively). The secondary synchronization channel S-SCH is formed as in
WCDMA. The primary synchronization channel P-SCH is formed by connect-
ing a switch SW either to a code generator 14 generating the conventional
code PSCwenma or a code generator 16 generating the code PSCngw. The selec-
tion is controlled by a PSC controller 18. This controller can be adapted to
produce a P-SCH in accordance with one of the formats above. The output of

unit 12 is forwarded to a modulator 20, and the resulting bandpass signal is

amplified and transmitted.



1,1,1,1,1,

<1,

-1, -1,1,1, -1, 1, -1, 1, 1, -1, -1,1,1, 1,1> 4 <1, 1,1,1, -1, -1, 1,

1, 1, -1,
-1, 1, 1>6 <1, 1, -1, -1, -1, -1, -1, -1, 1, -1, -1,1, -1,1, -1, 1> 7 <1,

_11

-1,1,

-1, -1»>2«<1, 1, -1, -1,1,1, 1, 1, 1, -1, -1,1,1, -1, 1, -1> 3

1, .1, -1,1, 1, -1>5 <1, -1.1, -1, -1,1, 1. -1, 1. 1, 1,1, -1,

-1,1, -1, 1, 1, 1, -1, -1, -1, -1, -1, -1>
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As an alternative a single code generator may be dynamically reconfigured to

produce the appropriate code, PSCwepma or PSCuew.

The functionality of the various blocks is typically implemented by one or
several micro processors or micro/signal processor combinations and corre-

sponding software.

It will be understood by those skilled in the art that various modifications
and changes may be made to the present invention without departure from

the scope thereof, which is defined by the appended claims.



8«2, -1,1, -21,1, -1, -1, 1, -1, -1, -1, -1, -1, -1,1, 1> 9 <1, 1, -1,
-1,1, 1, 1, 1, -1, 1, 1, -1, -1,1, -1, 1> 10 <1, -1, -1,1,1, -1, 1, -1, -1,
-1, 1,1, -1, -1, -1, -1> 11«2, 1,2,2, -1, -1, 1, 1, -1, 1, -1,1,1, -1,
-1,1, -1, 1> 18 7. The synchroni zati on channel structure of
claim4, 5 or 6, characterized in that Closet,. is allocated to every tine

slot of a frame 8. The synchroni zati on channel structure of claim4, 5 or
6, characterized in that the primary synchroni zati on code used i n non- MBSFN
capabl e WCDVA (PSCwaosti) is allocated to tinme slot #k of a frane, where k
is set to one of the integers 0....14, and Coset,. is allocated to the
remaining tine slots of the frame. 9., The synchroni zati on channel
structure of claim4, 5 or 6, charact&ized in that the primary

synchroni zati on code used in non- MBSFN capabl e WCDVA ( PSOneDsm) i s
allocated to tine slot #k and #@ﬁFﬁR@igUE‘@E, where k is set to one of the
integers 0...6, and Cpsene, is allocated to the remaining tinme slots of the
frame. 10. A nmethod of generating an MBSFN primary synchroni zati on channel

frame, chgjpct gpl@RAIYY Whek SEePURLription of MBSEN Downlink Optimized
Broadcast (DOB}
[2] 3GPPTS 25.213, “Spreading and moduliation (FDD)"” Release 7

[3] 3GPP TS 25.223, “Spreading and modulation (TDD)” Release 7

141 Change request R1-073792 for 3GPP TS 25.213, 3GPP TSG-RANI1
Meeting #50, Athens, Greece, 20-24 Aug 2007

ABBREVIATIONS
BCH: Broadcast channel
DOB: Downlink Optimized Broadcast
FDD Frequency Division Duplex .

MBMS: Multimedia Broadcast Multicast Service
MBSFEN: Multicast Broadcast Single Frequency Network

PSC: Primary Synchronization Code
SCH: Synchronization channel
8SSC: Secondary Synchronization Codes

TD-CDMA  Time Division-Code Division Multiple Access
TD-SCDMA Time Division-Synchronous Code Division Multiple Access

TDD Time Division Duplex
UMTS: Universal Mobile Telecommunications System
UTRA: UMTS Terrestrial Radio Access

WCDMA  Wideband Code Division Multiple Access



allocating (Si) a primary synchroni zation code, denoted Closet",", to
predeterm ned tine slots of a primary synchroni zati on channel franme, where
has the follow ng properties: Cpscinew is a hierarchical Golay sequence
pso.rio. constructed by two constituent sequences xlt"es, and x2tes,"
each of length 16 chips, in accordance wsth: y (i) x2",s, (i nod 16)*
;city. (i div 16),0 ... 255 where ;pewis a Golay conplenentary sequence to
a correspondi ng constituent sequence x1= (1,1,1,-1,-1,1,-1,-1,1,1444,4,1,1)
for generating the primary synchronizati on code for non- MBSFN capabl e
WCDMA, 19 x2,"" is a sequence that is orthogonal to both a correspondi ng
constituent sequence x2 =(i,1,1,1,1Ww1,-1, 1,-1,1,-1,1,-1,-1,1) for
generating the primary synchroni zati on code for non- MBSFN capabl e WCDVA and
a constituent sequence b. (1,1,1,1,1,1,-1,-21,-1,1,-1,1,-1,1,1,-1) for
generating the secondary synchroni zati gn _codes for non- MBSFN capabl e WCDVA
and p denotes a phase rotation repﬁaéﬁﬂﬂgd by a conpl ex nunber; and
allocating (S2) a primary synchroni zation code used in non- MBSFN capabl e
WCDMA to any remaining time slots of the frame. 11. The nethod of, claim 10,
char act er i zeg i MBERA pmBry spchranizaton apde, alengtedaCaye aChHACEFZed 54 . g,
-a, -a) where a is selected fromone of the follomﬁng 4t5§%H§Q§§§: 1 <3,
-1, 1, -1, idthatlC, ., I 4 hickarchidgl Golay seguenye,consiicioa Dy twe T, 1,1, 1,

-1, -1, 1,1, -1,1,-1>3, -1, -1, 1, 4 -1, A o1 L doadcedd, 1,1, 1>
4 <1,1, 1, eftsequencds xgmlgqgl X feps » eg?h Qf:]Llfznq.,%ll,Gl gllzgs, ,1511 %%01(}%?061\7?‘1

4 (i) = Xy perp {1 MOA 16) % Xy gy, (1 div 16), i=0..255

Cpsr:.new = p * (y (O)?y(l)? ry(255)>

where

1 uence to a corresponding constituent
X, e 18 & Golay complementary seq P

sequence X, = (1,1,1;1,-1,1,-1,—1,1,1,1,~1,1,~1,1,1) for generating the
primary synchronization code for non-MBSFN capable WCDMA,

X, o0 15 & sequence that is orthogonal to both a corresponding constituent
TLEW

sequence x, ={1,1,1,1,1,1,-1,-1, 1,-1,1,-1,1,-1,-1,1) for generating
the primary synchronization code for non-MBSFN capable WCDMA
and a constituent sequence b:{1,1,1,1,1,l,wl,—-l,wl,l,—l,l,—l,l,1,—1) for
generating the secondary synchronization codes for non-MBSFN ca-

pable WCDMA, and

p denotes a phasc rotation represented by a complex number.

izati i erized in that
2. The primary synchronization code C,q, 0 OF claim 1, characterized in

C =pw (8., a,-a, & -a,4&,8, 8,2, a, -a, a, a, -&, -4, "a>r

psc.new

where a is selected from one of the following 14 sequences:

—
1 T<1,-1, 1,-1, 1,-1,-1, 1, 1, 1, 1, 1, 1, 1,-1,-1>

51<1, 11,1, 1, L1, 1 L,-,-, 1, 1,-4, L1

3 ]=<1,-1,-1, 1, 1,-1, 1,-1, 1, 1,-1,-1, 1, i, 1, 1>

4 <1, 1, 1, 1,-1,-1, 1, 1, 1, -1, 1,-1,-1, L, 1,-1>

51101, 1,-1,-1, 1, §,-4, 1, 1, L, 1,-L-L 1 b




4 -1,1, 1, -1,1, 1, 1, 1, -1, -1, 1, 1> 6 <1.1
’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ _11 _11 _11 _11 _1 -
i 2101, -1, 1, ‘1 7<1, -1, -1, 1, -1.1, 4.1.1, 1, -1, ‘1, ‘1 11-1§L1’
21> 8 <1, -1, 1, 4, 1,-1, -1.1.4, -1, -1, -1, -1, ‘1.1, 1> 9 <1.1. -1, -1,
1,1, 1,1.-1, 1, 1,-1,-1, 1,-1,1> 10 11 <1,-1, -1, 1, 1. -1, T
16

6 T<1, 1,-1,-1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1,-1, 1>

7 7<1,-1,-1, 1,-1, 1,-1, 1, 1, 1,-1,-1,-1,-1,~1,-1>

g 1<i,-1, 1,-1, 1,-1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1>

9 1<i, 1,-1,-1, 1,1, 1, 1,-1, 1, 1,-1,-1, 1,-1, 1>

61<1,-1,-1, 1, 1,-1, 1,-1,-1,-1, 1, 1,-1,-1,-1,-1>

111<t, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1,-1,-1, i>

12 t<1, -1, t,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1, I, -1,-1>

131<1,1,-1,-1,-1,-1,-1, -1, -1, 1, 1,-1, 1,-1, 1,-1>

14 <1, -1,-1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1, 1, 1, 1>

3, The primary synchronization code C, ., 0f claim 2, characterized in that

a= {1, -,-,1], -, L ~L L 1L-L -L L L1 1.

4. An MBSFEN synchronization channel structure including a primary syn-

chronization code, denoted Cp g o characterized in that C,,, .., is & hierar-
chical Golay sequence constructed by two constituent sequUeENces X,,,, and
Xy e » €8CH Of length 16 chips, in accordance with:

Y (1) = % e (1 MO 16) % X510 (idivie), i=0..255

Cpannms = P*{y(0),y(1), -, y(255))
where

Xy o 18 8 Golay complementary scquence to a corresponding constituent

sequence X, = (1,1,1;1,—1,1,—1,-1,1,1,1,-1,1,—1,1,1) for generating the
primary synchronization code for non-MBSFN capable WCDMA,

Xy ey 1S @ SEQUEINCE that is orthogonal to both a corresponding constituent

sequence X, ={1,1,1,1,1,1,-1,-1, i,-1,1,-1,1,-1,-1,1) for generating
the primary synchronization code for non-MBSFN capable WCDMA

and a constituent sequence b=(1,1,1,1,1,1,—1,—~1,~l,1,~],1,—1,1,},—1) for



1,- -1, -

1 111 }i 1, 1, 1, 4, ili-li-lz 1ié-ié4,1l>- 21 <1,1, 1, 1,-1.4, 1,1, 4
1 7 [l - y , , - < _ _ _ 1 7 ] ] y

11 <1, 1, -1, -1, _174, 1, 1, 1 11 1 ] 1,47' 1, 1’ 1’ _1’ _1’
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generating the secondary synchronization codes for non-MBSEN ca-
pable WCDMA, and

p denotes a phase rotation represented by a complex number. .

5. The synchronization channel structure of claim 4, characterized in that
Cpsc,rww =p* (as a, -a, a, -a, &, a, a8, a,-a, 31, a, ~&, ~&, "a>:

where a is selected from one of the following 14 sequences:

T <11, 1,1, 1,-3,-,, ,, 1, L, L, L, L, 1,-1,-1> |

2 |<i, 1,-1,-1, 1, 1, 1, 1, 1,-1,-1, 1, 1,-L, 1,-1>

5 <1 1.1, ., 1,-1, ,,4, 1, 1,-1,-1, 1, 1, L, 1>
A1, 1, 1, L-1,-, 1, 1, 1,-1, 1,-1,-1, 1, 1,-1>
51211, 1,-L-% 1, ,,-1, , 1, 1, 1,-1,-1, L, 1*
e (<1 1,1, 1,1, 1,11, §,-L,-1, L,-1, 1,1 1>
7 1=, 1,-1, 1,-1, 1,-1, L, 1, 1,-1,-1,-1, -1, -1, -1>
=11, 1.-1, 1,-L,-1, 1,-1,-1,-1,-1,-1, -1, 4, 1>
g < 1,1, L, L L 1,-L L, 1,-1,-1, L-1, 1>

01<1,-1, -1, 1, 1,-1, &,-L-L-1, L i,-1,-1,-1,-1>

il<i, 1, L, ,-1,-1, 1, 1,-1, 1,-1, L, 1,-1,-1, 1>

12 <1, -1, 1,-1,-1, 1, 1,-1,-1,-1,-1, -, i, 1,-1,-1>

13 <1: 1:'1:'11'1:'1’ '1: "]-) "1: 1’ 1: "1, 1»"19 1:'1>

14 { <1, -1,-1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1, 1, 1, 1=

6. The synchronization channel structure of claim 5, characterized in that

a=@,4;LU,AJ,dJJ¢LwLLLLQ.



-1,1, 20 14 <1, -1, -1, 1, -1, 1, -1, 1, -1, -1, 1, 1, 1, 1, 1,
1> 12. The nmethod of claim8 or 9, characterized in that a -= (1, -1,-1,
1,1, -1, 1, -1, 1, 1,-1, -1, I, 1, 1, 1). 13. The method of claim 10, 11 or
12, characterized in that Cs allo- cated to every tine slot of the frane.
14. The method of claim 10, 11 or 12, chi@&racterized in that the primry
synchroni zati on code used i n non- MBSFN capabl e WCDVA ( PSC

WCINIA) is allocated to tine slot #k of the frame, where k is set to one of
the integers 0.-14, and G0 newis allocated to the remaining tinme slots of
the frame. 15. The nethod of claim 10, 11 or 12, characterized in that the
primary synchroni zati on code used i n non- MBSFN capabl e WCDVA (PSCH, ¢, ,,,,)
is allocated to tine slot #k and #k+8 of the frane, where k is set to one
of the integers 0...6, and Gs allocated to the remaining tinme slots of the
frane. n MBSEN cap: A0 & bZ&hrayteneahn (16, 18,
SW adapt dT@S Sé&%’f%‘ze a%s%gﬁl%gﬁ%%rggfgﬁgﬂnﬁl frame that includes a
primary s;tn@&cosmm;aﬁ alocated eo emﬂmmslﬁb@ﬁﬁr’é‘a{f%e havi ng the foll ow ng
properties: Cpscpneui |s a hlerarchlcal CGol ay sequence constructed
by two constituent sequences xl,"e," and xz",,," , each of length 16 chips,

in accor d@%ﬁ%@hr&ﬁlééﬁorrc%ﬁé@ stm(:turH’Qiﬂ cleih 4,(5 odbych@pcterized @ .. 255 C

pso . new = 255) e is V. | ry
sequence ﬁbaht%@opn@@pbﬁm%og&arglpptca %psg &hgﬁgg\d%k‘ﬁ cap2BR WERAR

(L, 1,1,-1 d t6 linde 5186 Ak B} afrRAmeenRemti thgsdthe queiafdhy
synchronl z(a%| W‘i(ijsdéuécaeno% NBS?:N capabl e WCDVA, 21 is a se&ugnce t hat

is orthogqa&%eﬁpobolm andOCrg@p@mdﬂngﬁ&bmeﬂheUGﬁwﬂ§§aJ€ﬁEé‘%E
(1,1,1,1,1,1,-1,-1, 1,-1,1,-1,1,-1,-1,1) -for generating the primary
synchronlzahnan code for non- NBSFN capable WCDMA and a constituent sequence
=(112,2,1,2,2,-2,-2,-21,1,-1,1,-1,1,1,-1) for generating the secondary

synchronl zation codes for non- I\/BSFN capabl e q:4 phase
rotation Héﬁﬂes%ﬂmbdwb?a%P%éhﬁm ff*¥%£%msﬁﬁggcs?atlon of claim 16,

Char aCt eriged tl'l@p chx(cﬁ‘uza%»on @de&:sedan rﬁn‘rMBSfN egpadle WEDMA g, -3,

a, ere a’iIs I d fromone of t s 1 <1,
-1, 1, 1 {PECmds) 18 mmq_ateq to timg sloj_ # a.n_tl_i #E-lj_S 0 gwgl4resl??éj§&ct%

one of the integers 0...6, and C,,,.., is allocated to the remaining time slots

of the frame.

10. A method of generating an MBSFN primary synchronization channel

frame, characterized by the steps of

allocating (S1) a primary synchronization code, denoted Cpgnewr 10

ined time slots of a primary synchronization channel frame, where
is a hierarchical Golay sequence

predeterm
C has the following properties: Coonew

pst,new

constructed by two constituent sequences X ne. and X, ., » cach of length 16

chips, in accordance with:
y(i) = Xy pe (i mod 16) % X, gy, (1 diV 16), 1= 0. 255
Cpnepenw = P+ (4(0).3 (D), - ,y(255))

where

onding constituent
Xy new is a Golay complementary sequence to a corresp g |
sequence X z(1,1,1,-1,—1,1,-1,—1,1,1,1,—1,1,-1,1,1) for generating the

primary synchronization code for non-MBSFN capable WCDMA,



, 1, 1, 1, -1, -1, 1,1, -1, 1, -1> 3 <1, -1, -1
1, -1,1, 1, 1, 1>4 <1, 1, 1, 1, -1, -1, 1, 1, 1
1, -1, 1, -17 -11 11
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Xpnew 18 A SEQUENCE that is orthogonal to both a corresponding constituent
sequence x, ={1,1,1,1,1,1,-1,-1, 1,-1,1,-1,1,-1,-1,1) for generating
the primary synchronization code for non-MBSFN capable WCDMA
and a constituent sequence b=(1,1,1,1,1,1,-—1,-—1,—1,1,—1,1,»~1,1,1,—1) for
generating the secondary synchronization codes for non-MBSFEFN ca-

pable WCDMA, and

p denotes a phase rotation represented by a complex number; and

allocating (82) a primary synchronization code used in non-MBSFN

capable WCDMA to any remaining time slots of the frame.

11. The method of claim 10, characterized in that
C = p*<a: a, -a, a, -a, a, a, a, a, a, -4, a, a, -a, -4, “a>

pse,netw

where a is selected from one of the following 14 sequences:

1 [<1,-1, 1,-1, 1,-3,-1, 1, 1, i, 1, }, 1, 1,-1,-1>

511, 1,-1,-1, 1, 1, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1>

3 |<i.-1,-1, 1, 1,-1, 1,-1, 1, 1,-1,-1, 1, 1, 1, 1>
<1, 1, 1, 1, L, -1, 1, 1, 1,-1, 4,1, -1, 1, 1,-1>
5 |<i,-i, 1,-1,-1, 1, 1,-1, 1, 1, 1, 1,-3,-1, 1, 1>
& T=1 1,1,-1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1,-1, I»
7 1<1.-1,-1, 1,-1, 1,-1, 1, 1, 1,-i,-1,-1,-1,-1,-1>
8 |<1,-1, 1,-1, 1,-1,-1, 1,-1,-1,-3,-1,-1,-1, 1, 1>
5 <1, 1,-1,-1, 1,1, 1, 1,-1, 1, 1,-},-1, 1,-1, 1>

ol<i,-1,-1, 1, 1,1, 1,-%,-1,-1, 1, 1,-1,-1, -1, 1>

111<1, 1, 1, 1,-1,-1, L, 1,-1, 1,-1, 1, 1,-1,-1, 1>

75=<1, 1, 1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1, 11, -1>

3121, 1, -1, -1, 1,-1,-1,-1,-1, 1, 1,-1, 1, -1, 1,-17




1, 1, -1, -1, 1, 1>6 <1, 1, -1, -1, -1, -1 1 1
-1, 1> 7 <1, -1, -1, 1, -1, 1, -1, 1, 1, 1, -1, -1,
, -1, 1, -1, 1 -1, -1, 1, -1, -1, -1, -1, - - 1
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14| <1,-1,-1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1,1, 1, 1>

12. The method of claim 8 or 9, characterized in that
a=(l -L-L L, -1, 1, -1, -1, -1, I, L, 1, 1).

13. The method of claim 10, 11 or 12, characterized in that Crecnew 18 allo-

cated to every time slot of the frame.

14. The method of claim 10, 11 or 12, characterized in that the primary syn-
chronization code used in non-MBSFEN capable WCDMA {PSCheppa) is allo-
cated to time slot #k of the frame, where k is set to one of the integers
0....14,and C

Psc new

is allocated to the remaining time slots of the frame.

15. The method of claim 10, 11 or 12, characterized in that the primary syn-
chronization code used in non-MBSEN capable WCDMA (PSC,..,,,) is allo-
cated to time siot #k and #k+8 of the frame, where k is set to one of the inte-
gers 0...6, and C,, .., is allocated to the remaining time slots of the frame.

16. An MBSFN capable base station, characterized by means (16, 18, SW)
adapted to generate a synchronization channel frame that includes a pri-

mary synchronization code, denoted C,,, .., , having the following properties:

C is a hierarchical Golay sequence constructed by two constitu-

pscnew

ent sequences x,,,,, and x, .., each of length 16 chips, in accordance with:
y(i) = %y 0, (i mod 16) * x, ., (1 div 16), i=0...255
Cosenen = P *(y(0),9(1), .,y (255))

where

X e 18 8 Golay complementary sequence to a corresponding constituent

sequernce X, =(1,1,1,-1,-1,1,»1,-1,1,1,1,—1,1,-1,1,1) for generating the

primary synchronization code for non-MBSFN capable WCDMA,



1>9 <1, 1, -1, -1, 1, 1, 1, 1, -1, 1, 1, -1, -1, 1, -1, 1> 10 <1, -1,
1, 1, -1, 1, -1, -1, -1, 1,1, -1, -1 -1, -1> 11 <1, 1. 1, 1, -1 -1
11 -11 11 -1, 1, 1, '1, '1, 1> 12 <1, -1, 1, -1, -1, 1, 1, _1,

21

X300 18 & sequence that is orthogonal to both a corresponding constituent
sequence x, =(1,1,1,1,1,1,-1,-1, 1,-1,1,-1,1,-1,-1,1} for generating
the primary synchronization code for non-MBSFN capable WCDMA
and a constituent sequence b=(LLLLLL~L~L-11,-11,-LLL~1) for
generating the secondary synchrbnization codes for non-MBSFEN ca-

pable WCDMA, and

p denotes a phase rotation represented by a complex number.

17. The base station of claim 16, characterized in that

Cpsc,new =P * (a, a,-a,a -a,4&,8,4,4, 4, -a, a, a, -4, -a, “8.),

where a is selected from one of the following 14 sequences:

1 1<1,-1, 1,-3, 1,-1,-1, 1, 1, 1, &, 1, 1, 1,-1,-1>

5 =<1, 1,-1,-1, 1, 1, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1>

<1,-1,-1, 1, 1,-1, 1,-1, &, 1,-1,-1, 1, 1, 1, 1>

<1, 1, 1, 1,-1,-1, 1, 1, 1,-1, 1,-1,-1, 1, 1,-1»

<1,-1, 1,-1,-1, 1, 1,-1, 1, 1, 1, 1,-1,-L, 1, >

<1, 1,-1,-1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1,-1, 1>

~H Y @ W

<1,-1,-1, 1,-1, 1,-1, 1, 1, 1,-1,-1,-1,-1,-1,-1>

o

<1) -1, 1, "1? i, "]-: -1, 1, "'1, -1, '1: -1, -1, -1, 1, 1>

9 <1, 1) "1:"17 1: i, 1, 1: "1: 1: i, '1"'11 11’1: 1>

10 <11, -1, 1, 1,-1, 1,-1,-1,-1, 1, 1,-1,-1,-1,-1>

i1l<i, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1,-1,-1, 1>

12 | <1,-1, 1,-1,-1, 1, 1, -1,-1,-1,-1,-1, 1, 1,-1,-1>

13 | <1, 1,-1,-1,-1,-1,-1,-1,-1, 1, i, -1, 1,-1, L,-1>

14 | <1, -1, -1, 1,-1, 1,-1, 1,-1,-1, 1, i, 1, 1, 1, 1>




-1, -1, -1, -1,1, 1, -1, -1> 13 «1, 1, -1, -1,-1, -1,-1,-1,-1, 1, 1, -1,1,
-1, 1, -1> 14 <21, -1, -1, 1, -1, 1, -1,1, -1, -1, 1, 1,1, 1, 1, 1> 22 18.
The base station of claim17, characterized inthat a = (1, -1,-1, 1,1, -1,
l, -1, 1, 1,-1, -1, I, 1, 1, 1). 19. The base station of claim16, 17 or
18, characterized in that said neans (162 18, SW are adapted to allocate
Cpsene," to every tinme slot of the frane. 20. The base station of claim
16, 17 or 18, characterized in that said neans (14, 16, 18, SW are adapted
to allocate the primary synchroni zati on code used i n non- MBSFN capabl e
WCDMA (PSCwant') to tine slot #k of the frame, where k is set to one of the
integers 0....14, and Cpsc,new to the remaining tinme slots of the frane.

21. The base station of claim16, 17 or 18, characterized in that said
means (14, 16, 18, SW are adapted to allocate the primary synchroni zation
code used ﬁmmerbalvBSEaPtﬁarmsfamim W@@Sﬁ’md@ﬁ(ﬁato time slot #k and #k+8 of

the frame, where |s se ne e iptegers 0...6, and Cpact'e," to
t he remaining Pi’ngl stletls bf %E’e L BB,

19. The base station of claim 16, 17 or 18, characterized in that said means

(16, 18, SW} are adapted to allocate C. to every time slot of the frame,

psenew

20. The base station of claim 16, 17 or 18, characterized in that said means
(14, 16, 18, SW) are adapted to allocate the primary synchronization code
used in non-MBSFN capable WCDMA (PSC,cp,) to time slot #k of the frame,

where k is set to one of the integers 0....14, and C,, ., to the remaining

time slots of the frame,

21. The base station of claim 16, 17 or 18, characterized in that said means
(14, 16, 18, SW) are adapted to allocate the primary synchronization code
used in non-MBSFN capable WCDMA (PSCyyy,) to time slot #k and #k+8 of

the frame, where k is set to one of the integers 0...6, and C, .., to the re-

maining time slots of the frame.



