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synchronization code (PSC) and receiving a secondary synchronization signal (SSS) comprising a first secondary synchronization
code (SSC) and a second SSC, wherein the SSS includes a first SSS and a second SSS, the first SSC and the second SSC are arranged
in that order in the first SSS, and the second SSC and the first SSC are arranged in that order in the second SSS. Detection performance
on synchronization signals can be improved, and cell search can be performed more reliably.
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Description

METHOD OF PERFORMING CELL SEARCH IN WIRELESS

[1]

[2]

[3]

[4]

[5]

[6]

COMMUNICATION SYSTEM
Technical Field

The present invention relates to wireless communication, and more particularly, to a

method for performing cell search in a wireless communication system.

Background Art

Wide code division multiple access (WCDMA) systems of the 3rd generation
partnership project (3GPP) use a total of 512 long pseudo-noise (PN) scrambling codes
in order to identify base stations (BSs). As a scrambling code of a downlink channel,
each BS uses a different long PN scrambling code.

When power is supplied to a user equipment (UE), the UE performs downlink syn-
chronization of a cell and acquires a long PN scrambling code identifier (ID) of the
cell. Such a process is generally referred to as a cell search. The cell search is the
procedure by which a user equipment acquires time and frequency synchronization
with a cell and detects the cell identity of the cell. The initial cell is determined
according to a location of the UE at a time when the power is supplied. In general, the
initial cell indicates a cell of a BS corresponding to the greatest one of signal
components of all BSs, which are included in a downlink reception signal of the UE.

To facilitate the cell search, a WCDMA system divides 512 long PN scrambling
codes into 64 code groups, and uses a downlink channel including a primary syn-
chronization channel (P-SCH) and a secondary synchronization channel (S-SCH). The
P-SCH is used to allow the UE to acquire slot synchronization. The S-SCH is used to
allow the UE to acquire frame synchronization and a scrambling code group.

In general, cell search is classified into initial cell search, which is initially performed
when a UE is powered on, and non-initial search which performs handover or neighbor
cell measurement.

In the WCDMA system, the cell search is accomplished in three steps. In the first
step, a UE acquires slot synchronization by using a P-SCH including a primary syn-
chronization code (PSC). A frame includes 15 slots, and each BS transmits the frame
by including a PSC. Herein, the same PSC is used for the 15 slots, and all BSs use the
same PSC. The UE acquires the slot synchronization by using a matched filter suitable
for the PSC. In the second step, a long PN scrambling code group and frame syn-
chronization are acquired by using the slot synchronization and also by using a S-SCH
including a secondary synchronization code (SSC). In the third step, by using a

common pilot channel code correlator on the basis of the frame synchronization and
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the long PN scrambling code group, the UE detects a long PN scrambling code ID cor-
responding to a long PN scrambling code used by the initial cell. That is, since 8 long
PN scrambling codes are mapped to one long PN scrambling code group, the UE
computes correlation values of all of the 8 long PN scrambling codes belonging to a
code group of the UE. On the basis of the computation result, the UE detects the long

PN scrambling code ID of the initial cell.
Since the WCDMA system is an asynchronous system, only one PSC is used in the

P-SCH. However, considering that a next generation wireless communication system
has to support both synchronous and asynchronous modes, there is a need for using a
plurality of PSCs.

If errors occur while detecting the S-SCH, delay occurs when a UE performs cell
search. Therefore, there is a need to improve channel detection performance in the cell

search procedure.
Disclosure of Invention

Technical Problem

A method is sought for improving detection performance by performing scrambling
in such a manner that different scrambling codes are used for a secondary syn-
chronization signal.

A method is also sought for performing a reliable cell search by improving detection
performance on the secondary synchronization signal.

A method is also sought for transmitting synchronization signals by improving
detection performance on the synchronization signals.
Technical Solution

In an aspect, a method of performing cell search in a wireless communication system
is provided. The method includes receiving a primary synchronization signal (PSS)
comprising a primary synchronization code (PSC), acquiring an unique identity from
the PSS, receiving a secondary synchronization signal (SSS) which is associated with a
cell identity group, the SSS comprising a first secondary synchronization code (SSC)
and a second SSC, and acquiring a cell identity which is defined by the unique identity
within the cell identity group, wherein the SSS includes a first SSS and a second SSS,
the first SSC and the second SSC are arranged in that order in the first SSS, and the
second SSC and the first SSC are arranged in that order in the second SSS, wherein the
first SSC and the second SSC are respectively scrambled by using two different
scrambling codes.

The first SSC of the first SSS can be scrambled by using a first scrambling code, the
second SSC of the first SSS can be scrambled by using a second scrambling code, the

first SSC of the second SSS can be scrambled by using the second scrambling code,



WO 2009/008625 PCT/KR2008/003928

[14]

[15]

[16]

[17]

— —/ —/
N N N N R N N
AW D= O O

and the second SSC of the second SSS can be scrambled by using the first scrambling

code.
The first SSC and the second SSC can be defined by two different cyclic shifts of a

m-sequence generated by a generating polynomial x°+x?+1. The first scrambling code
and the second scrambling code can be defined by two different cyclic shifts of a m-
sequence generated by a generating polynomial x3+x3+1.

In another aspect, a method of transmitting synchronization signals in a wireless
communication system is provided. The method includes transmitting a PSS
comprising a PSC, transmitting a first SSS comprising a first SSC and a second SSC,
and transmitting a second SSS comprising the first SSC and the second SSC, wherein
the first SSC and the second SSC are respectively scrambled by using a first
scrambling code and a second scrambling code, wherein the locations of the first and
second SSCs of the first SSS are swapped with those of the first and second SSCs of
the second SSS.

In still another aspect, a method of acquiring synchronization signals in a wireless
communication system is provided. The method includes identifying a PSC by a PSS
transmitted from a base station, and identifying a first SSC and a second SSC by a SSS
transmitted from the base station, wherein the SSS includes a first SSS and a second
SSS, the first SSC and the second SSC are arranged in that order in the first SSS, and
the second SSC and the first SSC are arranged in that order in the second SSS, wherein
the first SSC and the second SSC are respectively scrambled by using two different
scrambling codes.

Advantageous Effects

Cell search can be performed more reliably and can be prevented from being
delayed. In addition, with an increase in the number of available sequences, an amount
of information carried by the synchronization signals and capacity of a user equipment
can be increased.

Brief Description of the Drawings

FIG. 1 shows a structure of a wireless communication system.

FIG. 2 shows an example of a radio frame structure.

FIG. 3 shows an example of physical mapping of two SSCs onto a SSS.

FIG. 4 shows another example of physical mapping of two SSCs onto a SSS.

FIG. 5 shows an example of mapping of two SSCs onto a SSS.

FIG. 6 shows another example of mapping of two SSCs onto a SSS.

FIG. 7 shows a SSS structure according to an embodiment of the present invention.

FIG. 8 shows a SSS structure according to another embodiment of the present

invention.
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FIG. 9 shows a SSS structure according to another embodiment of the present

invention.
FIG. 10 shows a SSS structure according to another embodiment of the present

invention.

FIG. 11 shows a SSS structure according to another embodiment of the present
invention.

FIG. 12 shows a SSS structure for a PSC 1.

FIG. 13 shows a SSS structure for a PSC 2.

FIG. 14 shows a SSS structure for a PSC 3.

FIG. 15 shows a SSS structure for a PSC 1.

FIG. 16 shows a SSS structure for a PSC 2.

FIG. 17 shows a SSS structure for a PSC 3.

FIG. 18 is a graph showing a cumulative distribution function (CDF) of cross-
correlation distribution for all possible collisions in two cells.

FIG. 19 is a flowchart showing cell search according to an embodiment of the
present invention.

Mode for the Invention

FIG. 1 shows a structure of a wireless communication system. The wireless commu-
nication system can be widely deployed to provide a variety of communication
services, such as voices, packet data, etc.

Referring to FIG. 1, a wireless communication system includes a user equipment
(UE) 10 and a base station (BS) 20. The UE 10 may be fixed or mobile, and may be
referred to as another terminology, such as a mobile station (MS), a user terminal
(UT), a subscriber station (SS), a wireless device, etc. The BS 20 is generally a fixed
station that communicates with the UE 10 and may be referred to as another ter-
minology, such as a node-B, a base transceiver system (BTS), an access point, etc.
There are one or more cells within the coverage of the BS 20.

The wireless communication system may be an orthogonal frequency division mul-
tiplexing (OFDM)/orthogonal frequency division multiple access (OFDMA )-based
system. The OFDM uses a plurality of orthogonal subcarriers. Further, the OFDM uses
an orthogonality between inverse fast Fourier transform (IFFT) and fast Fourier
transform (FFT). A transmitter transmits data by performing IFFT. A receiver restores
original data by performing FFT on a received signal. The transmitter uses IFFT to
combine the plurality of subcarriers, and the receiver uses FFT to split the plurality of

subcarriers.

I. Sequence Generation
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According to an embodiment of the present invention, a pseudo-noise (PN) sequence
is used as a sequence applied to a secondary synchronization signal (SSS). The PN
sequence can be reproduced and shows a characteristic similar to a random sequence.
The PN sequence is characterized as follows. (1) A repetition period is sufficiently
long. If a sequence has an infinitely long repetition period, the sequence is a random
sequence. (2) The number of Os is close to the number of 1s within one period. (3) A
portion having a run length of 1 is 1/2, a portion having a run length of 2 is 1/4, a
portion having a run length of 3 is 1/8, and so on. Herein, the run length is defined as
the number of contiguous identical symbols. (4) A cross-correlation between
sequences within one period is significantly small. (5) A whole sequence cannot be re-
produced by using small sequence pieces. (6) Reproducing is possible by using a
proper reproducing algorithm.

A PN sequence includes an m-sequence, a gold sequence, a Kasami sequence, etc.
For clarity, the m-sequence will be described as an example. In addition to the afore-
mentioned characteristic, the m-sequence has an additional characteristic in which a
side lobe of a periodic auto-correlation is -1.

An example of a generating polynomial for generating an m-sequence ck can be
expressed as

MathFigure 1
[Math.1]

ck:x5+x2+1 over GF(2)

where GF denotes a Galois Field, and GF(2) represents a binary signal.

A maximum length generated by Equation 1 is 2°-1=31. In this case, according to a
generated state, a total of 31 sequences can be generated. This coincides with a
maximum number of sequences (i.e., 31) that can be generated by using a cyclic shift
after an arbitrary m-sequence is generated by Equation 1. This means that a maximum
of 31 pieces of information can be transmitted. Even if the information is simple, more
than 31 pieces of information cannot be transmitted.

According to another embodiment of the present invention, if an m-sequence is
defined as d(n), a sequence set S1 for all available sequences can be expressed as
S1={d=(k) | m is a sequence index} where m=0,1,...,N-1 and k=0,1,...,N-1. N is N=2» -
1 where n is a maximum degree. For example, in the case of the generating polynomial
of Equation 1, n=5 and N=31.

A new sequence g™(k) is defined by gm(k)=d™(N-1-k), m=0,1,...,N-1, k=0,1,..., N-1.
A sequence set S2 is defined by S2={g=(k) | m is a sequence index}. A sequence set S3
can be defined by S3={S1,S2}. Characteristics of the m-sequence are kept in S1 and

S2. A random sequence property is maintained between S1 and S2. Therefore, a
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sequence having a good correlation property can be generated within a corresponding
sequence set, and the number of available sequences can be increased without using an
additional memory or without increasing overhead.

In particular, the m-sequence can be generated by an n-th degree polynomial as
shown

MathFigure 2
[Math.2]

n -1
apx tax +..+a, 1

where k=0,1,...,n-1, and a,=0 or 1.

By using the definition of the sequence gm(k), the m-sequence can be converted into
one of m-sequences generated as shown

MathFigure 3
[Math.3]

#z-0 -1 #7 # -1
a,x “ta,.x +..*agx T a, x ta,.x +...tayl

where k=0,1,...,n-1, and a,=0 or 1. This means that coefficients of the generating
polynomial are reversed in comparison with Equation 2. This also means that the
sequences generated by Equation 2 are reversed in order. In this case, it is said that the
two Equations are in a reverse relationship. The reverse relationship is also satisfied
when a degree of a polynomial is reversed (herein, the degree of the polynomial is
modified to n-k). When using the m-sequences, the polynomial can be selected to
satisfy the reverse relationship.

For example, if n=5, the polynomial for generating the m-sequences can be expressed

as shown
MathFigure 4
[Math.4]
5 2
(1) x +x +1
5 3
(2) x +x +1

5 3 2 1
(3) x +x +x+x +1
5 4 3 2
(4) x +x +x +x"+1
5 4 2 1
(53) x +x +x"+x +1
5 4 3 1
(6) x +x +x +x +1
In this case, (1) and (2), (3) and (4), and (5) and (6) are in a pair relationship which

satisfies the reverse relationship expressed by Equations 2 and 3. The m-sequences can
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be selected to satisfy the reverse relationship.

When a significantly long sequence is used, the sequence may be divided into several
pieces by differently determining a start offset of the sequence. In this case, each piece
of sequence can be used in a reverse order.

In addition, when the significantly long sequence is used, the long sequence may be
reversed, and then the reversed sequence can be divided into several pieces by dif-
ferently determining a start offset of the sequence.

The aforementioned sequence can be used in several channels. The greater the
number of available sequences, the higher the capacity of UEs.

In an embodiment, the aforementioned sequence is used in a synchronization signal.
Further, the sequence is used in a primary synchronization code (PSC) for a primary
synchronization signal (PSS) or in a secondary synchronization code (SSC) for a
secondary synchronization signal (SSS). Furthermore, the sequence is used in a
scrambling code. In this case, the sequence can be selected so that the SSC and the
scramble code satisfy a reverse relationship.

In anther embodiment, the aforementioned sequence is used in a random access
preamble. The random access preamble is used for request of uplink radio resources.
One sequence index corresponds to one opportunity. A UE randomly selects any one
of sequence sets and thus informs a BS of the existence of the UE, or performs an
operation such as scheduling request or bandwidth request. A random access procedure
is a contention-based procedure. Thus, collision may occur among UEs. To reduce the
collision among the UEs in the random access procedure, the number of random access
preambles in the set needs to be large enough. For example, if the random access
preambles are configured by using Equation 1, there are 31 opportunities. If the
random access preambles are configured by using the definition of the sequence S3,
there are 62 opportunities.

In still another embodiment, the aforementioned sequence can be used to transmit a
channel quality indicator (CQI) or an acknowledgment
(ACK)/negative-acknowledgement (NACK) signal. When the sequence of Equation 1
is used, a total of 31 CQI or ACK/NACK signal (>4 bits) can be transmitted. When the
sequence S3 is used, a total of 62 CQI or ACK/NACK signal (> 5 bits) can be
transmitted.

In still another embodiment, the aforementioned sequence can be used to a base
sequence for a reference signal. The reference signal may be classified into a de-
modulation reference signal for data demodulation or a sounding reference signal for
uplink scheduling. The reference signal needs to have a large number of available
sequences to facilitate cell planning and coordination. For example, assume that a total

of 170 sequences are required as a downlink reference signal. Then, when a bandwidth
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of 1.25MHz is used as a reference, the number of subcarriers occupied by the reference
signal is 120 within an OFDM symbol length of Sms. If an m-sequence is used, a total
of 127 sequences can be generated by using a 7-th degree polynomial. When using the
sequence S3, a total of 252 sequences can be generated. Assume that the uplink
reference signal is assigned to one resource block including 12 subcarriers. Then, when
the m-sequence is used, a total of 15 sequences can be generated by using a 4-th degree

polynomial. When using the sequence S3, a total of 30 sequences can be generated.

II. Synchronization Signal

Now, a synchronization signal will be described. Technical features of the present
invention can be easily applied to a random access preamble or other control signals by
those ordinary skilled in the art.

FIG. 2 shows an example of a radio frame structure.

Referring to FIG. 2, a radio frame includes 10 sub-frames. One sub-frame includes
two slots. One slot includes a plurality of OFDM symbols in time domain. Although
one slot includes 7 OFDM symbols in FIG. 2, the number of OFDM symbols included
in one slot may vary depending on a cyclic prefix (CP) structure.

The radio frame structure is for exemplary purposes only. Thus, the number of sub-
frames and the number of slots included in each sub-frame may vary in various ways.

A primary synchronization signal (PSS) is transmitted in last OFDM symbol in each
of a 0-th slot and a 10-th slot. The same PSC is used by two PSSs. The PSS is used to
acquire OFDM symbol synchronization (or slot synchronization) and is associated with
a unique identity in a cell identity group. The PSC may be generated from a Zadoff-
Chu (ZC) sequence. At least one PSC exists in a wireless communication system.

The PSS comprise a primary synchronization code (PSC). When three PSCs are
reserved, a BS selects one of the three PSCs, and transmits the selected PSC in the last
OFDM symbols of the 0-th slot and the 10-th slot as the PSS.

A secondary synchronization signal (SSS) is transmitted in OFDM symbol which is
immediately previously located from the OFDM symbol for the PSS. This means that
the SSS and the PSS are transmitted in contiguous (or consecutive) OFDM symbols.
The SSS is used to acquire frame synchronization and is associated with a cell identity
group. The cell identity can uniquely defined by the cell identity group acquired from
the SSS and the unique identity acquired from the PSS. The UE can acquire the cell
identity by using the PSS and the SSS.

One SSS comprises two secondary synchronization codes (SSCs). One SSC may use
a PN sequence (i.e., m-sequence). For example, if one SSS includes 64 subcarriers,
two PN sequences having a length of 31 are mapped to the one SSS.

A location or the number of OFDM symbols in which the PSS and the SSS are
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arranged over a slot is shown in FIG. 2 for exemplary purposes only, and thus may
vary depending on a system.

FIG. 3 shows an example of physical mapping of two SSCs onto a SSS.

Referring to FIG. 3, if the number of subcarriers included in the SSS is N, a length of
a first SSC SSC1 and a length of a second SSC SSC2 are N/2. A logical expression
indicates an SSC in use. A physical expression indicates subcarriers to which an SSC
is mapped when the SSC is transmitted in the SSS. S1(n) denotes an n-th element of
the first SSC SSC1. S2(n) denotes an n-th element of the second SSC SSC2. The first
SSC SSC1 and the second SSC SSC2 are interleaved to each other, and are mapped to
physical subcarriers in a comb-type configuration. Such a mapping method is referred
to as distributed mapping.

FIG. 4 shows another example of physical mapping of two SSCs onto a SSS.

Referring to FIG. 4, the number of subcarriers included in the SSS is N. A length of a
first SSC SSCI and a length of a second SSC SSC2 are N/2. A logical expression
indicates an SSC in use. A physical expression indicates subcarriers to which an SSC
is mapped when the SSC is transmitted in the SSS. S1(n) denotes an n-th entity of the
first SSC SSC1. S2(n) denotes an n-th entity of the second SSC SSC2. The first SSC
SSC1 and the second SSC SSC2 are mapped to locally concentrated physical sub-
carriers. Such a mapping method is referred to as localized mapping.

If the number of subcarriers in the SSS is 62, and the length of the PN code is 31,
then one SSC has a total of 31 indices. If the first SSC SSC1 can have indices O to 30,
and the second SSC SSC2 can have indices 0 to 30, then a total of 961 (i.e.,

31x31=961) pieces of information can be delivered.

[II. Mapping of SSC onto SSS

FIG. 5 shows an example of mapping of two SSCs onto a SSS.

Referring to FIG. 5, since two SSSs are transmitted in a radio frame as shown in FIG.
2, a first SSS assigned to a 0-th slot and a second SSS assigned to a 10-th slot both use
a combination of a first SSC SSC1 and a second SSC SSC2. In this case, locations of
the first SSC SSC1 and the second SSC SSC2 are swapped with each other in
frequency domain. That is, when a combination of (SSC1, SSC2) is used in the first
SSS, the second SSS swaps the first SSC SSC1 and the second SSC SSC2 with each
other and thus uses a combination of (SSC2, SSC1).

To detect the SSSs, an interval between the first SSS and the second SSS can be pre-
determined. Multi-frame averaging can be performed according to the CP structure.
The multi-frame averaging is an operation in which a plurality of SSSs are received by
using a plurality of radio frames and then values acquired from the respective SSSs are

averaged. If the CP structure is not known, the multi-frame averaging is performed for
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all CP structures. A structure of swapping SSCs is advantageous when a receiver
detects the SSSs by performing the multi-frame averaging. In this structure, the first
SSS and the second SSS use the same combination of SSCs, and there is no change
except for the locations of the SSCs. Thus, when the averaging is performed, the
second SSS simply swaps and integrates the SSCs. On the other hand, when a structure
of not swapping SSCs is used, even if coherent detection is performed using a PSS,
non-coherent combining has to be performed when the detection results are averaged.
However, when the coherent detection using the PSS is performed, performance im-
provement can be expected since optimal maximal ratio combining (MRC), i.e.,
coherent combining, can be performed when the SSCs are integrated. It is well-known
that the MRC is the optimal combining. In general, there is a gain of about SNR of
3dB in the coherent combining over the non-coherent combining.

Although the first SSC SSC1 and the second SSC SSC2 are swapped in the first SSS
and the second SSS in the frequency domain, this is for exemplary purposes only.
Thus, the first SSC SSC1 and the second SSC SSC2 may be swapped in time domain
or code domain.

FIG. 6 shows another example of mapping of two SSCs onto a SSS. Herein, binary
phase shift keying (BPSK) modulation is used. The BPSK modulation is M-phase shift
keying (PSK) modulations when M=2. In the BPSK modulation, the whole or some
parts of a channel are modulated into +1 or -1. By using the M-PSK modulation, ad-
ditional information can be carried without having an effect on detection performance
of a sequence currently being used.

Referring to FIG. 6, a first SSS and a second SSS both use a combination of a first
SSC SSC1 and a second SSC SSC2, modulate the whole parts of the first SSS into +1,
modulate a first SSC SSC1 of the second SSS into +1, and modulate a second SSC
SSC2 of the second SSS into -1. That is, modulation can be performed by changing
phases between SSCs used in one SCH, or can be performed by changing phases
between two SCHs. This is called differential modulation.

In general, to detect sequences which have undergone modulation, a signal (i.e., a
reference signal or a PSC) is required for a phase reference. That is, coherence
detection is required. However, when the differential modulation is performed to
identify a frame boundary within one SSS, both the coherent detection and the non-

coherent detection are possible.

IV. Scrambling of SSS
Now, scrambling of a SSS by using a scrambling code associated with a PSC will be
described.

The SSS is scrambled by using the scrambling code. The scrambling code is a binary
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sequence associated with the PSC and is one-to-one mapped to the PSC. In other
words, the scrambling code depends on the PSC.

The scrambling of the SSS is used to solve ambiguity resulted from SSC detection.
For example, assume that an SSC combination used in a SSS of a cell A is (SSC1,
SSC2)=(a,b), and an SSC combination used in a SSS of a cell B is (SSC1,
SSC2)=(c,d). In this case, if a UE belonging to the cell A acquires a wrong SSC com-
bination, that is, (SSC1, SSC2)=(a,d), this is called ambiguity. That is, after the UE
detects a PSS, the scrambling code is used to facilitate distinction of the SSS cor-
responding to the cell of the UE.

FIG. 7 shows a SSS structure according to an embodiment of the present invention.

Referring to FIG. 7, a first SSS and a second SSS both use a combination of a first
SSC SSC1 and a second SSC SSC2. In this case, locations of the first SSC SSC1 and
the second SSC SSC2 are swapped in frequency domain. That is, when a combination
of (SSC1, SSC2) is used in the first SSS, the second SSS swaps the first SSC SSC1
and the second SSC SSC2 with each other and thus uses a combination of (SSC2,
SSC1).

The SSCs of the respective SSSs are scrambled by using different scrambling codes.
The first SSC SSCI of the first SSS is scrambled by a first scrambling code. The
second SSC SSC2 of the first SSS is scrambled by a second scrambling code. The
second SSC SSC2 of the second SSS is scramebled by a third scrambling code. The
first SSC SSCI of the second SSS is scrambled by a fourth scrambling code.

Since each SSC is scrambled by a different scrambling code, an interference
averaging effect can be achieved. For example, assume that an SSC combination of the
first SSS of a cell A is (SSCI_A, SSC2_A)=(a, b), a SSC combination of the second
SSS of the cell A is (SSC2_A, SSC1_A)=(b, a), a SSC combination of the first SSS of
a cell B is (SSC1_B, SSC2_B)=(c, d), a SSC combination of the second SSS is
(SSC2_B, SSC1_B)=(d, c), the cell A is a cell where a UE is currently located (that is,
the cell A is a cell to be detected), and the cell B is a neighbor cell (that is, the cell B is
a cell which acts as interference). Then, interference of SSC1_A and interference of
SSC2_A are ¢ and d and thus become equal irrespective of the first SSS and the second
SSS. Therefore, the interference averaging effect cannot be achieved. However, when
each SSC is scrambled by using a different scrambling code, the interference averaging
effect can be achieved due to an interference effect of different codes.

Therefore, since different scrambling codes are used for the same SSC for each sub-
frame, ambiguity resulting from SSC detection can be reduced. Further, the in-
terference averaging effect can be achieved when multi-frame averaging is performed.

Herein, the SSC structure represents a logical structure. When mapping is performed

on physical subcarriers, distributed mapping or localized mapping may be used. In
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addition, physical mapping may be performed before or after scrambling is performed
in the logical structure.

FIG. 8 shows a SSS structure according to another embodiment of the present
invention.

Referring to FIG. 8, a first SSS and a second SSS both use a combination of a first
SSC SSC1 and a second SSC SSC2. In this case, locations of the first SSC SSC1 and
the second SSC SSC2 are swapped in frequency domain. That is, when a combination
of (SSC1, SSC2) is used in the first SSS, the second SSS swaps the first SSC SSC1
and the second SSC SSC2 with each other and thus uses a combination of (SSC2,
SSC1).

Scrambling is performed by using two scrambling codes, corresponding to the
number of SSCs included in one SSS. The first SSC SSC1 of the first SSS is scrambled
by a first scrambling code. The second SSC SSC2 of the first SSS is scrambled by a
second scrambling code. The second SSC SSC2 of the second SSS is scrambled by the
first scrambling code. The first SSC SSCI1 of the second SSS is scrambled by the
second scrambling code.

From the viewpoint of a physical expression in which mapping is made to actual sub-
carriers, two SSCs swap their locations for the first SSS and the second SSS but the
locations of the scrambling codes are not swapped. From the viewpoint of a logical ex-
pression, the scrambling codes respectively applied to the first SSC SSC1 and the
second SSC SSC2 have an effect so that the scrambling codes respectively applied to
the second SSC SSC2 and the first SSC SSC1 of the second SSS are changed. In
comparison with the embodiment of FIG. 7, the number of required scrambling codes
decreases.

FIG. 9 shows a SSS structure according to another embodiment of the present
invention.

Referring to FIG. 9, a first SSS and a second SSS use the same combination of a first
SSC SSC1 and a second SSC SSC2. That is, if the first SSS uses a combination of
(SSC1, SSC2), the second SSS also uses the combination of (SSC1, SSC2). Locations
of the first SSC SSC1 and the second SSC SSC2 are not swapped with each other in
frequency domain. In the frequency domain, the locations of the first SSC SSC1 and
the second SSC SSC2 are equal to each other in the first SSS and the second SSS.

Scrambling is performed by using two scrambling codes, corresponding to the
number of SSCs included in one SSS. In this case, the locations of the scrambling
codes used for the first SSS and the second SSS are swapped with each other. The first
SSC SSC1 of the first SSS uses a first scrambling code. The second SSC SSC2 of the
first SSS uses a second scrambling code. The second SSC SSC2 of the second SSS
uses the second scrambling code. The first SSC SSC1 of the second SSS uses the first
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scrambling code.

Unlike the embodiment of FIG. 8, the SSCs do not swap their locations for the first
SSS and the second SSS, but do swap the locations of the scrambling codes. That is,
for the first SSS and the second SSS, the locations of the SSCs or the scrambling codes
are swapped with each other.

FIG. 10 shows an SSS structure according to another embodiment of the present
invention.

Referring to FIG. 10, in frequency domain, a first SSC SSC1 and a second SSC
SSC2 have the same location in a first SSS and a second SSS, except that the second
SSC of the second SSS is -SSC2. That is, the first SSS uses (SSC1, SSC2), and the
second SSS uses (SSC1, -SSC2).

A modulation scheme used herein is BPSK modulation. A higher-order modulation
scheme may also be used. For example, when Quadrature phase shift key (QPSK)
modulation is used, it is possible to change a phase by performing modulation in a
form of +1, -1, +j, -j. The first SSS may use (SSC1, SSC2), and the second SSS uses
(SSC1, -jSSC2).

It is difficult to perform interference randomization if an SSC combination of the first
SSS is equal to an SSC combination of the second SSS in a multi-cell environment.
Thus, if the first SSC SSC1 and the second SSC -SSC2 are not swapped with each
other, scrambling codes are swapped with each other. In this case, differential
modulation information of the first SSC SSC1 and the second SSC -SSC2 in the
second SSS can represent frame boundary information. Therefore, in order to detect
392(=14x14x2) signals, a detection operation is performed 392 times when differential
modulation is not performed. On the other hand, when the differential modulation is
performed, the detection operation is performed 196(=14x14) times, and two pieces of
information can be detected by using the differential modulation. An overall detection
performance is determined by the detection operation performed 196 times rather than
the differential modulation. Thus, the overall performance can be further improved
when the differential modulation is performed. In addition, since the first SSS and the
second SSS both use the same first and second scrambling codes SSC1 and SSC2,
MRC combination can be performed.

Although differential modulation is used for the second SSC ?SSC2 of the second
SSS, this is for exemplary purposes only. For example, the first SSS may use (SSC1,
SSC2), and the second SSS may use (-SSC1, -SSC2). The first SSS may use (SSCI1,
SSC2), and the second SSS may use (-SSC1, SSC2). The first SSS may use (-SSCI1,
SSC2), and the second SSS may use (SSC1, -SSC2). The first SSS may use (SSC1, -
SSC2), and the second SSS may use (-SSC1, SSC2). The first SSS may use (-SSCI1, -
SSC2), and the second SSS may use (SSC1, SSC2). The first SSS may use (SSC1, -
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SSC2), and the second SSS may use (SSC1, SSC2). The first SSS may use (-SSCI1,
SSC2), and the second SSS may use (SSC1, SSC2). In addition thereto, various other
modulation combinations may also be used.

FIG. 11 shows an SSS structure according to another embodiment of the present
invention.

Referring to FIG. 11, a first SSS and a second SSS both use a combination of a first
SSC SSC1 and a second SSC SSC2. In this case, locations of the first SSC SSC1 and
the second SSC SSC2 are swapped in a frequency domain. That is, when a com-
bination of (SSC1, SSC2) is used in the first SSS, the second SSS swaps the first SSC
SSC1 and the second SSC SSC2 with each other and thus uses a combination of
(SSC2, SSC1). The first SSC of the second SSS is differential-modulated into -SSC1.
That is, the first SSS uses (SSC1, SSC2), and the second SSS uses (SSC2, -SSC1).

V. Scrambling when a plurality of PSCs are used

Now, an example of configuring a scrambling code when a plurality of PSCs are
used will be described. For clarity, it is assumed that three PSCs are used, and
scrambling codes associated with the respective PSCs are defined as Px-al, Px-a2, Px-
bl, and Px-b2, respectively. Herein, 'x' denotes a PSC index, 'a' denotes a first SSS, b’
denotes a second SSS, '1" denotes a first SSC SSC1, and 2' denotes a second SSC
SSC2. That is, P1-al denotes a scrambling code associated with a first PSC and used in
the first SSC SSC1 of the first SSS, P2-b2 denotes a scrambling code associated with a
second PSC and used in the second SSC SSC2 of the second SSS, P3-al denotes a
scrambling code associated with a third PSC and used in the first SSC SSC1 of the first
SSS. When it is said that a scrambling code is associated with a PSC, it means that the
scrambling code is generated differently according to the PSC. For example, the
scrambling code may be generated by using a different cyclic shift according to a cell
identifier (ID) using the PSC.

<In case of using 6 scrambling codes for 3 PSCs>

For each PSC, scrambling codes may be configured such as (Px-al, Px-a2)=(Px-bl,
Px-b2). (Px-al, Px-a2) is one-to-one mapped to the respective PSCs. That is, for the
three PSCs, six scrambling codes can be defined as follows.

PSC 1 -> (P1-al, P1-a2)

PSC 2 -> (P2-al, P2-a2)

PSC 3 -> (P3-al, P3-a2)

FIG. 12 shows a SSS structure for a PSC 1. FIG. 13 shows a SSS structure for a PSC
2. FIG. 14 shows a SSS structure for a PSC 3.

Referring to FIGs. 12 to 14, for each PSC, a first SSS and a second SSS both use a
combination of a first SSC SSC1 and a second SSC SSC2. In this case, locations of the
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first SSC SSCI1 and the second SSC SSC2 are swapped. That is, if the first SSS uses a
combination of (SSC1, SSC2), the second SSS swaps the first SSC SSC1 and the
second SSC SSC2 with each other and thus uses a combination of (SSC2, SSC1).

Scrambling is performed by using two scrambling codes, corresponding to the
number of SSCs included in one SSS.

In the PSC 1 of FIG. 12, the first SSC SSC1 of the first SSS uses a scrambling code
P1-al, the second SSC SSC2 of the first SSS uses a scrambling code P1-a2, the second
SSC SSC2 of the second SSS uses a scrambling code P1-al, and the first SSC SSC1 of
the second SSS uses a scrambling code P1-a2.

In the PSC 2 of FIG. 13, the first SSC SSC1 of the first SSS uses a scrambling code
P2-al, the second SSC SSC2 of the first SSS uses a scrambling code P2-a2, the second
SSC SSC2 of the second SSS uses a scrambling code P2-al, and the first SSC SSC1 of
the second SSS uses a scrambling code P2-a2.

In the PSC 3 of FIG. 14, the first SSC SSC1 of the first SSS uses a scrambling code
P3-al, the second SSC SSC2 of the first SSS uses a scrambling code P3-a2, the second
SSC SSC2 of the second SSS uses a scrambling code P3-al, and the first SSC SSC1 of
the second SSS uses a scrambling code P3-a2.

When mapping is performed on a physical channel, the two SSCs swap their
locations for the first SSS and the second SSS, but do not swap locations of the
scrambling codes.

In this method, scrambling codes associated with three PSCs are different from one
another with respect to both the first SSC SSC1 and the second SSC SSC2. This can
reduce ambiguity and also bring an interference randomization effect. For example,
assume that an SSC combination of a first SSS of a cell A is (P1-al
&

SSC1_A, P1-a2
&

SSC2_A), an SSC combination of a second SSS of the cell A is (P1-al
®

SSC2_A, Pl-a2
®

SSC1_A), an SSC combination of a first SSS of a cell B is (P2-al
®

SSC1_B, P2-a2
&

SSC2_B), an SSC combination of a second SSS of the cell B is (P2-al
&

SSC2_B, P2-a2
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&
SSC1_B), the cell A is a cell where a UE is currently located, and the cell B is a

neighbor cell. Then, interference of the first SSS of the cell A is (P2-al

&

SSC1_B, P2-a2

&

SSC2_B), and interference of the second SSS is (P2-al

&

SSC2_B, P2-a2

®

SSCI1_B). In practice, since a different code acts as interference to the first SSC SSC1
and the second SSC SSC2 with respect to the first SSS and the second SSS, advantages
of an interference averaging effect and multi-frame averaging can be achieved without

deterioration. Accordingly, detection performance on the SSSs can be improved.

<In case of using 3 scrambling codes for 3 PSCs>

For each PSC, scrambling codes may be configured such as (Px-al, Px-a2)=(Px-bl,
Px-b2). (Px-al, Px-a2) is one-to-one mapped to the respective PSCs. One of the two
scrambling codes mapped to one PSS is equal to one of scrambling codes mapped to
another PSS. For example, a relationship of Px_a2=P[mod(x+1,3)+1]_al is
maintained. Herein, 'mod' denotes modulo operation. For example, three scrambling
codes for three PSCs can be defined as follows.

PSC 1 -> (P1-al, P1-a2)

PSC 2 -> (P2-al=P1-a2, P2-a2)

PSC 3 -> (P3-al=P2-a2, P3-a2=P1-al)

Three scrambling codes P1-al, P1-a2, and P2-a2 are required in practice. If (P1-al,
P1-a2, P2-a2)=(a,,a,,a;), the three scrambling codes can be expressed as follows.

PSC 1 ->(a;, ay)

PSC 2 -> (a,, a3)

PSC 3 -> (a3, a;)

The number of required scrambling codes can be reduced by cyclic-shifting the three
scrambling codes for the respective PSCs. By reducing the number of scrambling
codes, memory capacity of a BS or a UE can be saved.

If M PSCs are used, the scrambling codes can be generalized as follows.

PSC 1 ->(a;, ay)

PSC 2 -> (ay, a3)

PSCM -> (ay, a,)
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FIG. 15 shows a SSS structure for a PSC 1. FIG. 16 shows a SSS structure for a PSC
2. FIG. 17 shows a SSS structure for a PSC 3.

Referring to FIGs. 15 to 17, for each PSC, a first SSS and a second SSS both use a
combination of a first SSC SSC1 and a second SSC SSC2. In this case, locations of the
first SSC SSCI1 and the second SSC SSC2 are swapped in a frequency domain. That is,
when a combination of (SSC1, SSC2) is used in the first SSS, the second SSS swaps
the first SSC SSC1 and the second SSC SSC2 with each other and thus uses a com-
bination of (SSC2, SSC1).

Scrambling is performed by using two scrambling codes, corresponding to the
number of SSCs included in one SSS.

In the PSC 1 of FIG. 15, the first SSC SSC1 of the first SSS uses a scrambling code
P1-al, the second SSC SSC2 of the first SSS uses a scrambling code P1-a2, the second
SSC SSC2 of the second SSS uses a scrambling code P1-al, and the first SSC SSC1 of
the second SSS uses a scrambling code P1-a2.

In the PSC 2 of FIG. 16, the first SSC SSC1 of the first SSS uses a scrambling code
P1-a2, the second SSC SSC2 of the first SSS uses a scrambling code P2-a2, the second
SSC SSC2 of the second SSS uses a scrambling code P2-al, and the first SSC SSC1 of
the second SSS uses a scrambling code P2-a2.

In the PSC 3 of FIG. 17, the first SSC SSC1 of the first SSS uses a scrambling code
P2-a2, the second SSC SSC2 of the first SSS uses a scrambling code P1-al, the second
SSC SSC2 of the second SSS uses a scrambling code P3-al, and the first SSC SSC1 of
the second SSS uses a scrambling code P3-a2.

From the viewpoint of physical subcarrier mapping, the two SSCs swap their
locations for the first SSS and the second SSS, but do not swap locations of the
scrambling codes.

In this method, scrambling codes associated with three PSCs are different from one
another with respect to both the first SSC SSC1 and the second SSC SSC2. This can
reduce ambiguity and also bring an interference randomization effect. For example,
assume that an SSC combination of a first SSS of a cell A is (P1-al
®

SSC1_A, P1-a2
®

SSC2_A), an SSC combination of a second SSS of the cell A is (P1-al
&

SSC2_A, Pl-a2
&

SSC1_A), an SSC combination of a first SSS of a cell B is (P1-a2
&
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SSC1_B, P2-a2

&

SSC2_B), an SSC combination of a second SSS of the cell B is (P1-a2

&

SSC2_B, P2-a2

&

SSC1_B), the cell A is a cell where a UE is currently located, and the cell B is a
neighbor cell. Then, interference of the first SSS of the cell A is (P1-a2

®

SSC1_B, P2-a2

®

SSC2_B), and interference of the second SSS is (P1-a2

®

SSC2_B, P2-a2

&

SSCI1_B). In practice, since a different code acts as interference to the first SSC SSC1
and the second SSC SSC2 with respect to the first SSS and the second SSS, advantages
of an interference averaging effect and multi-frame averaging can be achieved without
deterioration. Accordingly, detection performance on the SSSs can be improved.

In the example described above in which six or three scrambling codes are used for
three PSCs, only SSC swapping have been described to facilitate explanation.
However, in addition thereto, differential modulation may be performed, and the SSC
swapping may be performed in combination of the differential modulation. For
example, the same may also apply to various cases, such as, in a case where the first
SSS uses (SSC1, SSC2) and the second SSS uses (SSC2, SSC1), in a case where the
first SSS uses (SSC1, SSC2) and the second SSS uses (SSC3, SSC4), in a case where
the first SSS uses (SSC1, SSC2) and the second SSS uses (SSC1, SSC3), and a case
where the first SSS uses (SSC1, SSC2) and the second SSS uses (SSC3, SSC2). When
the first SSS uses (SSC1, SSC2) and the second SSS uses (SSC1, SSC3), SSC1
collision occurs. Influence resulted from the SSC collision can be reduced by swapping
scrambling codes. The same also applies in a case where SSC2 collision occurs when
the first SSS uses (SSC1, SSC2) and the second SSS uses (SSC3, SSC2).

VI. Method for configuring scrambling codes

Any code in association with a PSC can be used as a scrambling code. Technical
features of the present invention are not limited thereto.

The scrambling code may be a PN code used in a SSC.

If the number of pieces of information transmitted on a SSS is 340, the SSC can be
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configured in the following manner. For example, if it is assumed that a PN code
having a length of 31 is used for a first SSC SSC1 and a second SSC SSC2, available
code indices are 0 to 30, that is, a total of 31 indices. If the first SSC SSC1 uses indices
0 to 13, the second SSC SSC2 uses indices 14 to 27, and the first SSC SSC1 and the
second SSC SSC2 can be swapped, then the number of possible combinations is
14x14%x2=392. Therefore, a PN code having indices 28, 29 and 30 can be used as the
scrambling code. For another example, it is possible to allow an index of the second
SSC SSC2 to be always greater than an index of the first SSC SSCI. If the first SSC
SSC1 has indices 0 to 17, the second SSC SSC2 has indices 1 to 18, and the first SSC
SSC1 and the second SSC SSC2 can be swapped, then the number of possible com-
binations is 19C,x2=342. Therefore, if six indices out of the remaining indices 19 to 30
are selected, six scrambling codes can be acquired. If three indices are selected, three
scrambling codes can be acquired.

Now, assume that the number of pieces of information transmitted on the SSS is 680.
If the index of the second SSC SSC2 is always greater than the index of the first SSC
SSC1, the number of possible combinations is 27C,x2=702 when the first SSC SSC1
has indices O to 26, the second SSC SSC2 has indices 1 to 27, and swapping between
the first SSC SSC1 and the second SSC SSC2 is used. Accordingly, three scrambling
codes can be acquired by selecting three indices among indices 28 to 30.

A scrambling code is selected from a currently used sequence set. Alternatively, a
sequence is selected from the currently used sequence set and thereafter the sequence
is altered to be used. For example, when an m-sequence is used, the m-sequence may
be used as a scrambling code by using a reverse operation, truncation, cyclic extension,
cyclic shift, etc. That is, in the Equation 4, a sequence of (1) and a sequence of (2) have
a reverse relationship to each other. In this case, the sequence of (1) can be used as an
SSC, and the sequence of (2) can be used as a scrambling code. When a pair of
sequences having a reverse relationship is selected as a scrambling code, the SSC and
the scrambling code can maintain an m-sequence relation. In addition, implementation
is easy, and memory space can be saved.

FIG. 18 is a graph showing a cumulative distribution function (CDF) of cross-
correlation distribution for all possible collisions in two cells.

Referring to FIG. 18, the proposed method shows a similar characteristic of a random
binary code. However, to use the random binary code as a scrambling code, a code
generator or a memory is additionally required. On the contrary, the proposed method
does not produce an additional overhead. This is because the proposed method requires
only reconfiguration of a memory address.

Now, assume that an m-sequence of a polynomial x3>+x>+1 of Equation 1 is used as

an SSC. In order for a UE to detect the SSC, the sequence has to be directly stored in a
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code generator or a memory capable of generating the sequence used in the SSC. The
m-sequence generated by Equation 1 is subjected to cyclic shifting to acquire a total of
31 sequences. Instead of generating each SSC detection code by the code generator, if
one m-sequence is stored in a memory and only a memory address is assigned and
used, then only one m-sequence having a length of 31 needs to be stored in the
memory. If the sequence is used in a reverse order, only an order for indicating the
memory address needs to be changed and used.

For example, assume that an m-sequence generated by Equation 1 is expressed as
(a={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}. An equivalent sequence can also apply to -(a). The remaining 30 sequences
can be generated by performing cyclic shifts 30 times on the sequence (a). Thus, only a
memory for storing the sequence (a) is needed. To use sequences having a reverse rela-
tionship, it is sufficient to operate, only one time, the memory for storing the sequence
(a) or the code generator for generating the sequence (a).

However, if the sequence is not reversed and other types of sequences (e.g., a random
sequence, a computer search sequence, etc.) other than the m-sequence are used, a
memory for storing six scrambling codes associated with three PSCs is additionally
required. That is, although it is sufficient to store one sequence having a length of 31 in
the memory when reversely-related sequences are used, the memory for storing six
sequences having a length of 31 is additionally required when different sequences are
used.

In the selection of a scrambling code, an excellent feature can be achieved by
generating an m-sequence after selecting a polynomial satisfying Equations 2 and 3
above (or after reversing the order of the coefficients of the polynomial in the order n-
k). When the m-sequence generated by x°+x?+1 of Equation 1 is reversed, the sequence
is converted into one of m-sequences generated by x>+x3+1, which is called as a pair
relationship. For example, when a sequence, which is generated by x’+x>+1 and is
cyclic-shifted O times, is reversed, the resulting sequence is identical to a sequence
which is generated by x’+x3+1 and is cyclic-shifted 26 times. Thus, when a pair of
sequences having a reverse relationship is selected as a scrambling code, the UE can be

easily implemented, and memory capacity can be saved.

VII. SSC1-based scrambling of SSC2

Now, an application of determining a scrambling sequence used in an SSC2
according to a sequence index used in an SSC1 (i.e., application of reverse-m) will be
described.

In order to solve an additional ambiguity problem when a neighbor cell is searched

for, there is a method for selecting and using a scrambling sequence one-to-one cor-
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[175]

[176]

[177]

[178]

[179]

responding to a sequence index used in a first SSC1, wherein a combination of two
codes (e.g., (SSC1, SSC2)) is used in a SSS. In this case, for example, regarding the
aforementioned 31-length m-sequence (31 sequence indices are possible) using the
polynomial x*+x+1, a sequence corresponding to an index of the m-sequence may be
reversed to be used. For example, if the index of the SSCI is 0, the sequence may be
reversed to be used as a scrambling code for the SSC2. Alternatively, when
SSC1-based SSC2 scrambling is used, all or some parts of the sequence used in the
SSC1 may be reversed to be used as a scrambling code. In summary, a sequence used
in the SSC1 can be reversed to be used as the scrambling code of the SSC2. This is not
limited to the number of scrambling codes, a one-to-one mapping relation, etc. In
addition, polynomials in a reverse relationship can be selected.

Now, a case where the aforementioned description applies to [PSC-based scrambling
+ SSC1-based scrambling] is disclosed.

Since a reverse-m is applied to SSC1-based scrambling in this case, for convenience,
a PSC-based sequence may use a 63-length m-sequence and punctures the sequence if
necessary or may use two different types of m-sequences of a different polynomial.
The scrambled SSC can be expressed as follows.

P
&

(SSC1,SSC2)=P
&

(si, sj),

or (P
&

SSC1, P
&

SSC2)= (P
&

si, P
®

5j),

or (P1
®

SSC1, P2
&

SSC2)= (P1
&

si, P2
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[180] Herein, P denotes a PSC-based scrambling code. Note that P does not change
whether scrambling is performed on the whole parts of an SSC or whether scrambling
is performed individually on each part of the SSC.

[181] The SSC1-based scrambling is applied to a SSC2, as expressed by the following ex-
pression.

[182] P
®

(SSC1, SCR1
®

SSC2)=P
®

(si, rev(si)
&

5j),

[183] or (P
&

SSC1, SCR1
ey

P
&

SSC2)= (P
&

si, SCR1
&

P
&

5j),

[184] or (P1

®

SSC1, SCR1
®

P2
&

SSC2)= (P1
&

si, SCR1
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[188]

[189]
[190]
[191]

[192]

[193]
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[195]

&
P2
&
sj)

Herein, SCR1 denotes a SSC1-based scrambling code and rev(-) denotes revere
operation (or a reverse-m). Of course, as decribed above, the operation is equivalent to
the selection and the use of polynomials (herein, x>+x3+1) having a reverse rela-
tionship.

In the present example, si is directly reversed to be scrambled to sj. However, the
present invention is not limited thereto, and thus a reversely-related polynomial or a
reversly-related sequence may also be defined and used as a scrambling code.

When the SSC1-based scrambling is applied to the SSC2, a combination form, such
as, the aforementioned PSC-based scrambling + SSC1-based scrambling, can be used.

The reverse-m of the present invention may be used, as described above, to the PSC-
based scrambling scheme alone, the SSC1-based scrambling scheme alone, either one

of the two scrambling schemes, or both of the two scrambling schemes.

VIII. Cell Search

A cell search is the procedure by which a UE acquires time and frequency syn-
chronization with a cell and detects the cell identity of the cell. In general, cell search
is classified into initial cell search, which is performed in an initial stage after a UE is
powered on, and non-initial cell search which performs handover or neighbor cell
measurement.

The cell search uses a PSS and a SSS. The PSS is used to acquire slot syn-
chronization (or frequency synchronization) and a unique identity. The SSS is used to
acquire frame synchronization and a cell identity group. A cell identity for the cell is
acquired by the unique identity within the cell identity group.

FIG. 19 is a flowchart showing a cell search procedure according to an embodiment
of the present invention.

Referring to FIG. 19, a UE searches for a PSS (step S310). A UE identifies a PSC by
the PSS transmitted from a base station. Slot synchronization are acquired by using the
PSS. Frequency synchronization can also be acquired by using the PSS. A PSC in the
PSS is associated with an unique identity. When there are 3 unique identities, each of 3
PSC is one-to-one mapped to the each of the unique identities.

Next, the UE searches for a SSS (step S320). The UE identifies two SSCs by the SSS
transmitted from the base station. Frame synchronization is acquired by using the SSS.
The SSS is mapped to a cell identity group. By using the SSS and the PSS, cell identity

is acquired. For example, it is assumed that there are 504 unique cell identities, the cell
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[196]

[197]

[198]

[199]

[200]

identities are grouped into 168 unique cell identity groups and each group contains
three unique identities. 3 PSSs are respectively mapped to the three unique identities
and 168 SSSs are respectively mapped to 168 cell identity groups. A cell identity L.y
can thus be uniquely defined by a number I, in the range of 0 to 167, representing the
cell-identity group, and a number I, in the range of 0 to 2, representing the unique
identity within the cell-identity group as shown I, =3 L+ L.

The SSS includes two SSCs. Each SSC is scrambled by using different scrambling
codes. The scrambling code is associated with the PSC included in the PSS. Therefore,
cell search can be performed much faster by reducing interference of a neighbor cell
and by improving SSS detection performance.

Detection performance of a SSS can be improved by scrambling two SSCs in the
SSS using different scrambling codes. Cell search can be performed more reliably and
can be prevented from being delayed. In addition, with an increase in the number of
available sequences, an amount of information carried by the synchronization signals
and capacity of a user equipment can be increased.

Although synchronization signals have been described above, technical features of
the present invention may also apply to other signal which delivers information in
order to improve channel detection performance. For example, this can apply to an
uplink/downlink reference signal, an ACK/NACK signal, a random access preamble,
etc.

All functions described above may be performed by a processor such as a micro-
processor, a controller, a microcontroller, and an application specific integrated circuit
(ASIC) according to software or program code for performing the functions. The
program code may be designed, developed, and implemented on the basis of the de-
scriptions of the present invention, and this is well known to those skilled in the art.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims. The exemplary
embodiments should be considered in descriptive sense only and not for purposes of
limitation. Therefore, the scope of the invention is defined not by the detailed de-
scription of the invention but by the appended claims, and all differences within the

scope will be construed as being included in the present invention.
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Claims

A method of performing cell search in a wireless communication system, the
method comprising:

receiving a primary synchronization signal (PSS) comprising a primary syn-
chronization code (PSC);

acquiring an unique identity from the PSS;

receiving a secondary synchronization signal (SSS) which is associated with a
cell identity group, the SSS comprising a first secondary synchronization code
(SSC) and a second SSC; and

acquiring a cell identity which is defined by the unique identity within the cell
identity group,

wherein the SSS includes a first SSS and a second SSS, the first SSC and the
second SSC are arranged in that order in the first SSS, and the second SSC and
the first SSC are arranged in that order in the second SSS,

wherein the first SSC and the second SSC are respectively scrambled by using
two different scrambling codes.

The method of claim 1, wherein the first SSC of the first SSS is scrambled by
using a first scrambling code, the second SSC of the first SSS is scrambled by
using a second scrambling code, the first SSC of the second SSS is scrambled by
using the second scrambling code, and the second SSC of the second SSS is
scrambled by using the first scrambling code.

The method of claim 1, wherein the first SSC and the second SSC are defined by
two different cyclic shifts of a m-sequence generated by a generating polynomial
xX34+x2+1.

The method of claim 1, wherein the first scrambling code and the second
scrambling code are defined by two different cyclic shifts of a m-sequence
generated by a generating polynomial x>+x3+1.

The method of claim 4, wherein the cyclic shifts for the first scrambling code and
the second scrambling code depend on the unique identity from the PSS.

The method of claim 1, wherein the PSS and the SSS are received in consecutive
orthogonal frequency division multiplexing (OFDM) symbols.

The method of claim 1, wherein the two SSCs in the SSS are mapped to sub-
carriers in an interleaved manner.

A method of transmitting synchronization signals in a wireless communication
system, the method comprising:

transmitting a PSS comprising a PSC;

transmitting a first SSS comprising a first SSC and a second SSC; and
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transmitting a second SSS comprising the first SSC and the second SSC,
wherein the first SSC and the second SSC are respectively scrambled by using a
first scrambling code and a second scrambling code,

wherein the locations of the first and second SSCs of the first SSS are swapped
with those of the first and second SSCs of the second SSS.

The method of claim 8, wherein the first SSC of the first SSS is scrambled by
using the first scrambling code, the second SSC of the first SSS is scrambled by
using the second scrambling code, the first SSC of the second SSS is scrambled
by using the second scrambling code, and the second SSC of the second SSS is
scrambled by using the first scrambling code.

The method of claim 8, wherein the first scrambling code and the second
scrambling code are associated with the PSC.

The method of claim 8, wherein the first SSC and the second SSC are defined by
two different cyclic shifts of a m-sequence generated by a generating polynomial
xX34+x2+1.

The method of claim 8, wherein the first scrambling code and the second
scrambling code are defined by two different cyclic shifts of a m-sequence
generated by a generating polynomial x>+x3+1.

A method of acquiring synchronization signals in a wireless communication
system, the method comprising:

identifying a PSC by a PSS transmitted from a base station; and

identifying a first SSC and a second SSC by a SSS transmitted from the base
station,

wherein the SSS includes a first SSS and a second SSS, the first SSC and the
second SSC are arranged in that order in the first SSS, and the second SSC and
the first SSC are arranged in that order in the second SSS,

wherein the first SSC and the second SSC are respectively scrambled by using
two different scrambling codes.

The method of claim 13, wherein the first SSC of the first SSS is scrambled by
using a first scrambling code, the second SSC of the first SSS is scrambled by
using a second scrambling code, the first SSC of the second SSS is scrambled by
using the second scrambling code, and the second SSC of the second SSS is
scrambled by using the first scrambling code.

The method of claim 13, wherein the first SSC and the second SSC are defined
by two different cyclic shifts of a m-sequence generated by a generating
polynomial x>+x2+1.

The method of claim 13, wherein the first scrambling code and the second

scrambling code are defined by two different cyclic shifts of a m-sequence
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generated by a generating polynomial x>+x3+1.
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