
1 MBSFN DOB CELL SEARCH AND GENERATION OF SYNCHRONIZATION CODES TECHNICAL
FIELD The present invention relates generally to MBSFN (Multicast Broadcast
Single Frequency Network) DOB (Downlink Optimized Broadcast) cell search
and generation of primary synchronization codes. BACKGROUND MBMS
(Multimedia Broadcast Multicast Service) over single frequency networks
(MBSFN) has recently been specified in 3GPP for Re1-7 UMTS Terrestrial
Radio Access (UTRA) systems. The MBSFN feature provides significantly
higher spectral efficiency compared to Re1-6 MBMS and is primarily intended
for broadcasting high bit rate demanding Mobile TV services on dedicated
MBMS carriers. Since it is broadcast only, MBSFN inherently targets trans-
missions in unpaired frequency bands. In SFN (Single Frequency Network)
transmission, multiple base stations transmit the same waveform at the same
time such that a terminal receives signals from all base stations,
resulting in a behavior similar to one large cell. For UTRA systems, SFN
transmission implies that a cluster of time synchronized NodeBs transmit
the same content using the same channelization and scrambling codes. SFN
transmission is illustrated in Fig, 1, where a terminal, or mobile station
MS, receives signals from two base stations BS1 and BS2. When using
cell-specific scrambling, transmissions from the right hand side base
station 1352 would represent inter-cell interference for the terminal in
the adjacent cell. In a single frequency network, on the other hand,
inter-cell interference shows up as additional multi-path transmission,
which can be accounted for  by the terminal receiver as a desired signal,
resulting in considerably improved coverage. MBSFN enhances the Re1-6 MBMS
physical layers by supporting SFN operations for MBMS point-to-multipoint
(ptm) transmissions on a dedicated MBMS carrier, It also supports higher
service bit rates and efficient time division multiplexing of services for
reducing terminal battery consumption by allowing discontinuous reception
(DRX) of services. MBSFN uses the same type of channels as used for Re1-6
MBMS ptm transmissions. In order to provide smooth integration of the MBSFN
feature to any existing UTRA system, MBSFN has been specified for both FDD
(Frequency Division Duplex) and TDD (Time Division Duplex) based physical
layer downlink (DL) channel structures:  MBSFN based on WCDMA (Wideband
Code Division Multiple Access) (FDD based)  MBSFN based on TD-SCDMA (Time
Division-Synchronous Code Division Multiple Access) (TDD based)  MBSFN
based on TD-CDMA (Time Division-Code Division Multiple Access) (TDD based)
The FDD related MBSFN uses the WCDMA downlink common physical layer
channels for transmission of data, and no paired uplink transmissions
occur. For the TDD related MBSFN, all slots are used for downlink
transmissions when networks are optimized for broadcast. Hence, no duplex
occurs in MBSFN and the differences between FDD and TDD based MBSFN then
mainly refer to the physical layer slot formats, the way Mobile TV services
are time multiplexed and the chip rates in the case of the TDD options
TDSCDMA and 7.68 Mcps TD-CDMA. (The chip rate for the third TDD option,
3.84Mcps TD-CDMA, is the same as used in FDD.)  3 When transmitting
downlink in all slots, the meaning of TDD and FDD becomes blurred in the
sense that no duplex occurs in broadcast. As mentioned above, the
difference then basically refers to the construction of the common downlink
physical channels. Therefore, in an ongoing 3GPP work item pi the objective
is to specify the WCDMA based MBSFN approach as an additional TDD option,
in which all slots are dedicated for broadcast. This 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 CHannell is used by a terminal to determine slot and radio
frame synchronization as well as to identify the group code of a cell.
Given the group code of the cell, the terminal can detect the cell-specific
scrambling code (and midamble code in case of TDD). The cell search
procedure is normally divided into three steps: 1. Slot synchronization 2.
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, see  The Primary SCH
is formed by a modulated code, the Primary Synchronization Code (PSC). This
code is the same for all cells in the system. With e.g. a receive filter
matched to the PSC, the terminal can locate the slot timing of the cell by
detecting peaks in the matched filter output.  The Secondary SCH is formed
by a repeatedly transmitted sequence of modulated codes, the Secondary
Synchronization Codes (SSC), and is transmitted in parallel with the
Primary SCH. The SSC indicates which of the code groups the cell-specific
scrambling code belongs to and the SSC also provides the possibility to
obtain frame synchronization.  4 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 illustrated in Fig. 2, whereas in TD-CDMA a time offset can be applied
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 sloth 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 information on
the broadcast channel (BCH) to find out that this carrier is barred. In
this case, however, the WCDMA terminal may not try to perform the cell  5
search in unpaired frequency bands, due to pre-knowledge of their spectrum
locations. On the other hand, reading a barred cell may delay the cell
search at power on for a roaming WCDMA and non-MBSFN capable terminal
trying to access unpaired bands. Reference [4] suggests generating
synchronization codes for MBSFN DOB in the same way as for WCDMA. SUMMARY
An object of the present invention is to improve cell search for non-MBSFN
capable terminals in an MBSFN DOB system. This object is achieved in
accordance with the attached claims. Briefly, the present invention is
based on a new PSC, denoted Cps.new for 



MBSFN having the following properties: is a hierarchical Golay sequence
constructed by two constitu- ent sequences xj,"e,,, and x2i"ety , each of
length 16 chips, in accordance with: y(0 = x2.(i mod 16)* xime,", (i div
16), i = 0 255 = p * (0) , y (1) , , y (255)) where is a Golay
complementary sequence to a corresponding constituent sequence xl
=(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,  is a sequence that is
orthogonal to both a corresponding constituent sequence x2 =
(1,1,1,1,1,1,-1,-1, 1,-1,1,-1,1,-1,-1,0 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,-0 for  6 generating the secondary
synchronization codes for non-MBSFN ca- pable WCDMA, and p denotes a phase
rotation represented by a complex number. The new PSC may be used to
generate a new synchronization channel structure for MBSFN, in which the
new PSC is allocated to predetermined time slots of frames and PSCs used in
non-MBSFN capable WCDMA are allocated to any remaining time slots of the
frames. An MBSFN capable base station includes means adapted to generate
such a synchronization channel frame that includes the new primary
synchronization code. BRIEF DESCRIPTION OF THE DRAWINGS The invention,
together with further objects and advantages thereof, may best be
understood by making reference to the following description taken together
with the accompanying drawings, in which: Fig. 1 is a diagram illustrating
the SFN principle; Fig. 2 is a diagram illustrating the structure of the
WCDMA synchroni- zation channel; Fig. 3 is a diagram illustrating the
structure of an embodiment of the primary synchronization channel in
accordance with the present invention; Fig. 4 is a diagram illustrating the
structure of an example of another embodiment of the primary
synchronization channel in accordance with the present invention; Fig. 5 is
a diagram illustrating the structure of an example of still an- other
embodiment of the primary synchronization channel in accordance with the
present invention; 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 invention;  7      Fig. 7 is a flow chart of another
embodiment of a method of generating an MBSFN primary synchronization
channel frame in accordance with the present invention;       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 present
invention; and       Fig. 9 is a block diagram of part of a base station
configured in accordance 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 orthogonality and low cross-correlation properties, MBSFN DOB
carriers (cells) are not observable for any non-MBSFN DOB capable
terminals. The Secondary 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 (PSCwcomA) and in the
remaining slots of the frame modulated by the new PSC (PSCiisw), i.e. 1. If
PSCwcomA is allocated in slot #k, where k = 0.-14, then PSCaEw is allocated
in slots not equal to #k of the frame (Fig. 4). 2. If PSCwcniviA is
allocated in slots #k and #10-8, where k = 0...6, then PSCNEw is allocated
in sloth not equal to #k and #k+8 of the frame (Fig. 5). No time offset is
applied to PSCwczmA and PSCitsw, and thus they always start at the
beginning of slots associated with the Primary SOH.  8 In another
embodiment, the Secondary SCHs sent on the MBSFN DOB carrier is constructed
as in FDD and TDD 3.84 Mcps option, but with the constituent sequence a
defined in ph [3] replaced with the corresponding constituent sequence used
to construct the new PSC (procedure described be- low). With the above slot
arrangement of the primary synchronization codes 133CwonmA and PSCNEw, a
legacy TD-CDMA terminal trying to access an MBSFN DOB carrier will find at
most 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 legacy TD-CDMA terminal
trying to access an MBSFN TD-CDMA carrier. The new PSC, denoted Cpscin the
mathematical description below, of length 256 chips is constructed as
follows: The new sequence can be con- structed from two constituent
sequences x1x2" each of length 16 chips, in accordance with: y (i) =
X2,newQ mod 16)*(i div 16), i = 0 ... 255(1) 



p * (0) , y (1) , , y (255)) where p denotes a phase rotation represented
by a complex number, for example p = (1  j) . The constituent sequence x1is
chosen as a Golay complementary se- quence to the corresponding constituent
sequence x1 associated with the PSC defined in [2] for WCDMA. With 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) C is a constant integer and 8 (k) represents
the 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
complementary sequence to xi is:
(4) The constituent sequence x2, in (1) is orthogonal to the constituent
sequence x2 used to generate the hierarchical sequence used as the PSC for
WCDMA and follows from [2] x2 = (1, 1, 1, 1, 1, 1, -1, -1, 1, -1, 1, -1, 1,
-1, -1, 1.)(5) Furthermore, the constituent sequence x2ineu, 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: b=<1, 1, 1,
1, 1, 1, -1, -1, -1,1, -1,1, -1,1,1, -1>(6) A list of sequences for x2
satisfying the above two orthogonality properties is given Table 1 below.
Table 1 Candidate sequences for x2."e," X2 "IOW               1 <1, -1, 1,
-1, 1, -1, -I, 1, 1,1, 1, 1, 1, 1, -1, -1> 2 <1, 1, -1, -1, 1, 1,1,1,1, -1,
-1, 1, 



1, -1,1, -1>  10 3 <1, -1, -1, 1, 1, -1, 1, -1, 1, 1, -1, -1,1, 1, 1, 1> 4
<1, I, 1, 1, -1, -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> 6 <1, 1, -1, -1, -1, -1, -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> 8 <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, -1, -1, 1, -1, 1> 



10 <1, -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, 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, -1,1, 1, -1, 1, -1,1, 1, -1, -1, 1, 1, 1, 1)(7) as this
sequence will have the smallest sidelobes in its 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, a, -a, -a, -a)(8) where  11 The leftmost chip in
Cpse.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
sequence x2 as described in [2) and [3], in which a= x2. 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
elements of the constituent sequence x2,neu, used to construct the new PSC.
The procedure described above may be summarized as: I. 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 ;nu, of the new PSC
sequence and that of the PSC of FDD (and 3.84 Mcps TD-CDMA) x form a Golay
complementary sequence pair. 4. The constituent sequence x2of 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 invention. In step SI the new
PSC Cacinew is allocated to predetermined time slots of a primary
synchronization channel frame. In step S2 a primary synchroni- 



zation code PSCircwrm used in non-MBSFN capable WCDMA is allocated to any
remaining time slots of the frame.  12 Fig. 7 is a flow chart of another
embodiment of a method of generating an MBSFN primary synchronization
channel frame in accordance with the present invention. In step Si the new
PSC CpSC,TIEIV is allocated to all time slots of a primary synchronization
channel frame, except time slot #k, where k is one of the integers 0...14.
In step 82 a primary synchronization code PSCwoom, used in non-MBSFN
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 present
invention. In step Si 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 82 a primary synchronization code
PSCircam used in non-MBSFN capable WCDMA is allocated to time slots 41k 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 necessary to explain the present invention are
included. Physical downlink channels PPHY1, PHY2 are summed (after
weighting by factors Gi and G2, respectively) in a summation unit 10, The
output of summation unit 10 is forwarded to another summation unit 12,
where it is combined with the primary and secondary synchronization
channels P-SCH, S-SCH (weighted by factors GP and Gs, respectively). The
secondary synchronization channel S-SCH is formed as in WCDMA. The primary
synchronization channel P-SCH is formed by connecting a switch SW either to
a code generator 14 generating the conventional code PSCwcomA or a code
generator 16 generating the code PSCrisw. The selection 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.  13 As an alternative a single code generator may be
dynamically reconfigured to produce the appropriate code, PSCWCDMA or
PSCNEw. The functionality of the various blocks is typically implemented by
one or several micro processors or micro/signal processor combinations and
corresponding 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.  14 REFERENCES 111 RP-070493, Work item description of MBSFN
Downlink Optimized Broadcast (DOB) [2] 3GPP TS 25.213, "Spreading and
modulation (FDD)" Release 7 [3! 3GPP TS 25.223, "Spreading and modulation
(TDD)" Release 7 [4] Change request R1-073792 for 3GPP TS 25.213, 3GPP
TSG-RAN1 Meeting 450, Athens, Greece, 20-24 Aug 2007 ABBREVIATIONS
BCH:Broadcast channel DOB:Downlink Optimized Broadcast FDDFrequency
Division Duplex MBMS:Multimedia Broadcast Multicast Service MBSFN:Multicast
Broadcast Single Frequency Network PSC:Primary Synchronization Code
SCH:Synchronization channel SSC:Secondary Synchronization Codes TD-CDMA
Time Division-Code Division Multiple Access TD-SCDMA Time
Division-Synchronous Code Division Multiple Access TDDTime Division Duplex
UMTS:Universal Mobile Telecommunications System UTRA:UMTS Terrestrial Radio
Access WCDMA Wideband Code Division Multiple Access  15 CLAIMS 1. An MBSFN
primary synchronization code, denoted Cp","e"" characterized in that
Cpsc,"mo is a hierarchical Golay sequence constructed by two constituent
sequences xi," and x2, each of length 16 chips, in accordance with: y= x27,
(i mod 16)* x1div 16), i= 0 ... 255 = p * (y (0) , y (1),y (255)) where
x17,..a Golay complementary sequence to a corresponding constituent
sequence xl = (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,  is a sequence
that is orthogonal to both a corresponding constituent sequence x2 =
(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-MBSFN ca- pable WCDMA, and 



p denotes a phase rotation represented by a complex number. 2. The primary
synchronization code Cpsc,"et" of claim 1, characterized in that Cpse,"e,"
= p* (a, a, -a, a, -a, a, a, a, a, a, -a, a, a, -a, -a, -a) where a is
selected from one of the following 14 sequences:  1          ii,  1, 1, -1,
-1>  <1, -1, 1, -1, 1, -1;4, 1, 1, 1,        <1,        -1, -1, 1, 1,  -1,
2  1, 



-1, -1, 1, 1,1, ), 1,        3 <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, 1, 1, 1, 1, -1,-1, 1, 1> 5   1,-1, -1,                          16
6 <1, 1,4, -1, 



-1, 4, -1, -1,1, -1, -1, 1, -1, 1, 4, 1> 7 <1, -1, -1, 1, 4, 1, 4, 1,1, 1,
-1, 4, -1, 4, 4, 4> 8 <1, 4, 1, -1, 1, -1, 4, 1, -1, 4, -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, 4, -1, -1, -1> 11 <1, 1,
1, 1, -1, -1, 1, 1, 4, 1,-1, 1, 1,-1, -1, 1> 12 <1, -1, 1, -1, -1, 1, 1,
-1, 4, -1, -1, 4, 1, 1, -1, -1> 13 <1, 1, -1, -1, -1, -1, -1, 



-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
synchronization code, denoted C psemerv , characterized in that Cps,,," is
a hierar- chical Golay sequence constructed by two constituent sequences X
linew and x2i", each of length 16 chips, in accordance with: y= x2mod
16)*div 16), i = 0 ... 255 = p * (y(0),y (1), ,y(255)) where  is a Golay
complementary sequence to a corresponding constituent sequence xl
(1,1,1,-1,-1,1,-1,-1,1,1,1,-1,1,4,1,1) for generating the primary
synchronization code for non-MBSFN capable WODMA, xy,riew is a sequence
that is orthogonal to both a corresponding constituent sequence x2= (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.(1,1,1,1,1,1,4,4,-1,1,-1,1,-1,1,1,--1) for  17 generating the secondary
synchronization codes for non-MBSFN 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 Cpse,"e," = p * (a, a, -a, a,
-a, a, a, a, a, a, -a, a, a, -a, -a, -a), where a is selected from one of
the following 14 sequences:        1 <1, -1, 1, -1,1, -1, -1,  1, 1, 



1,1,1,1,1, -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, 1, -1, 1, 1, -1, -1,1,1, 1,1> 4 <1, 1,1,1, -1, -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> 6 <1, 1, -1, -1, -1, -1, -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> 



8 <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, -1, -1,1, -1, 1> 10 <1, -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,
-1,1, -1, 1>            18  7. The synchronization channel structure of
claim 4, 5 or 6, characterized in that Closet,. is allocated to every time
slot of a frame  8. The synchronization channel structure of claim 4, 5 or
6, characterized in that the primary synchronization code used in non-MBSFN
capable WCDMA (PSCwaosti) is allocated to time slot #k of a frame, where k
is set to one of the integers 0....14, and Closet,. is allocated to the
remaining time slots of the frame.  9. The synchronization channel
structure of claim 4, 5 or 6, characterized in that the primary
synchronization code used in non-MBSFN capable WCDMA (PSCweDsm) is
allocated to time slot #k and #k+8 of a frame, where k is set to one of the
integers 0...6, and Cpsene, 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 (Si) a primary synchronization code, denoted Closet",", to
predetermined time slots of a primary synchronization channel frame, where
has the following 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 with: y (i) x2",s, (i mod 16)*
;city. (i div 16),0 ... 255 where ;pew is a Golay complementary sequence to
a corresponding constituent sequence x1= (1,1,1,-1,-1,1,-1,-1,1,1444,4,1,1)
for generating the primary synchronization code for non-MBSFN capable
WCDMA,  19 x2,"" is a sequence that is orthogonal to both a corresponding
constituent sequence x2 =(i,1,1,1,1W-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-MBSFN capable WCDMA,
and p denotes a phase rotation represented by a complex number; and
allocating (S2) 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 = p * (a, a, -a, a, -a, a, a, a, a, a, -a, a, a, -a,
-a, -a) where a is selected from one of the following 14 sequences: 1 <3,
-1, 1, -1, 1, -1, -1,1,1, 1, 1,1,1,1, -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, -1,1, 1, -1, -1,1, 1,1, 1>
4 <1,1, 1, 1, -1, -1, 1,1,1, -1,  1, -1, 1,1, -1>  5 <1, -1, 1, 



4, -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  7 <1, -1, -1, 1, -1,1, 4,1,1, 1, -1, -1, -1, -1,-1,
-1> 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, 



1,-1, -1,-1, 1, 1, 4, -1,-1,-1> 11,-1,4, 1>- -1  <1,1, 1, 1,-1,4, 1,1,4, 1,
-1, -1,-1,           -1,1, 1,-1  12 13 <1,-1, -1-, 1,47-1, 1, 1,-1, -1,
-1,   <1,1,  -1, -1, -174, 1,1, 



-1,1,             20 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 -= (1, -1,-1,
1,1, -1, 1, -I, 1, 1,-1, -1, I, 1, 1, 1). 13. The method of claim 10, 11 or
12, characterized in that Cis allo- cated to every time slot of the frame.
14. The method of claim 10, 11 or 12, characterized in that the primary
synchronization code used in non-MBSFN capable WCDMA (PSC
WCINIA) is allocated to time slot #k of the frame, where k is set to one of
the integers 0.-14, and C0 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 synchronization code used in non-MBSFN capable WCDMA (PSCH,c",,,,,)
is allocated to time slot #k and #k+8 of the frame, where k is set to one
of the integers 0...6, and Gis 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
primary synchronization code, denoted Cpsome",, having the following
properties:          Cpscpneui is a hierarchical Golay sequence constructed
by two constituent sequences xl,"e," and xz",,," , each of length 16 chips,
in accordance with: y (i) = x2,"8", (i mod 16) *(i div 16), i = 0... 255 C
pso .new = p * (0), y (1), , y (255)) where is a Golay complementary
sequence to a corresponding constituent sequence xl =
(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,  21  is a sequence that
is orthogonal to both a corresponding constituent sequence x2 =
(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-MBSFN capable WCDMA, and p denotes a phase
rotation represented by a complex number. 17. The base station of claim 16,
characterized in that = p* (a, a, -a, a, -a, a, a, a, a, a, -a, a, a, -a,
-a, -a), where a is selected from one of the following 14 sequences: 1 <1,
-1, 1, -1, 1, -1, -1, 1, 1, 1, 1, 1,1, 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, 1, -1, 1, 1, -1, -1,1, 1, 1, 1> 4 <1, 1, 1, 1, -1, -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> 6 <1, 1, -1, -1, -1, -1, -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, -I> 8 <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, -1, -1, 1, -1, 1> 10 <1, -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, 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>  22 18.
The base station of claim 17, characterized in that a = (1, -1,-1, 1,1, -1,
I, -1, 1, 1,-1, -1, I, 1, 1, 1).  19. The base station of claim 16, 17 or
18, characterized in that said means (16, 18, SW) are adapted to allocate
Cpseme," to every time slot of the frame.  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 (PSCwam") to time slot #k of the frame, where k is set to one of the
integers 0....14, and Cpsc,new 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 (PSChtmeA) to time slot #k and #k+8 of
the frame, where k is set to one of the integers 0...6, and Cpact"e," to
the remaining time slots of the frame 


