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(57) ABSTRACT

A synchromization (sync) code communication device for a
CDMA communication system. A base station sync code
transmission device comprises a primary sync code transmit-
ter and a secondary sync code transmitter. The primary sync
code transmitter 1s for generating and then transmitting a
primary sync code at a first location 1n a transmission frame.
The primary sync code 1s for acquiring synchronization at a
starting point of a frame and the frame 1s equal to one period
of a spreading code. The secondary sync code transmitter 1s
for generating and then transmitting a secondary sync code at
a second location 1n a frame. The secondary sync codes are
assigned to base station groups, one to a group. A mobile
station sync code recerving device comprises a primary sync
code acquisition decider and a base station group decider. The
primary sync code acquisition decider 1s for acquiring a pri-
mary sync coderecerved at a first location 1n a frame, and then
acquiring synchronization at a starting point of a frame. The
base station group decider 1s enabled upon acquisition of the
primary sync code, recerves a secondary sync code transmit-
ted at a second location 1in the frame, and then determines the
base station group to which the transmitting base station
belongs.
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APPARATUS AND METHOD FOR
SYNCHRONIZING CHANNELS IN A WCDMA
COMMUNICATION SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

PRIORITY

This application claims priority to an application entitled
“Apparatus and Method for Synchronizing Channels 1n
W-CDMA Commumnication System” filed in the Korean
Industrial Property Office on Apr. 29, 1999 and assigned
Serial No. 99-15332, and an application filed 1n the Korean
Industrial Property Oflice on May 25, 1999, and assigned
Serial No. 99-18921, the contents of both of which are hereby

incorporated by reference.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates generally to a synchromizing,
device and method for a CDMA (Code Division Multiple
Access) communication system, and 1n particular, to a device
and method for synchronizing channels in a W-CDMA
(Wideband-CDMA) communication system.

2. Description of the Related Art

Next generation W-CDMA mobile communication sys-
tems assign unique base station codes to each base station to
perform asynchronous operation between the base stations.
For 512 cells, 512 unmique codes are assigned to 1dentify 512
base stations. In such an asynchronous mode base station
communication system, a mobile station detects the base
station signal being currently recerved at the highest power, 1n
order to successtully perform a call. However, 1n the asyn-
chronous base station system, 1t takes quite a long time to
examine the phases of all the possible codes 1n the cell search,
so that 1t 1s difficult to apply a general cell search algorithm.
Therefore, a multi-step cell search algorithm has been pro-
posed. This method classifies 512 cells into 32 groups and
cach group includes 16 cells. To employ this method, sync
channels are used which include a primary sync channel
signal (code) and a secondary sync channel signal (code).

FIG. 1 shows a sync channel structure used for cell search
in an asynchronous W-CDMA system. In FIG. 1, reference
numeral 1-1 denotes a primary sync channel (PRIMARY
SCH) signal, reference numeral 1-3 denotes a secondary sync
channel (SECONDARY SCH) signal, and reference numeral
1-5 denotes a common pilot channel signal. One frame has 16
slots. The primary sync channel signal and the secondary
sync channel signal are transmitted for a N-chip (256 chip)
length at the starting point of every slot. Orthogonality
between the two channel signals 1s maintained so that they
can be transmitted at the same time. Further, the common
pilot channel uses a unique PN (Pseudo Noise) code (spread-
ing code) for each base station, and the period of the PN code
1s 1dentical to one-irame length.

The W-CDMA system having the above channel structure
uses Gold codes of period 2'®-1 for the unique PN codes, and
uses only M (=512) codes out of all possible Gold codes of
that length. The common pilot channel signal 1s not transmut-
ted stmultaneously with the primary sync channel signal and
the secondary sync channel signal, but only transmitted at
other time periods.
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The sync channels use sync codes, and the sync codes are
generated by performing modulo operation between a Had-
amard sequence and a hierarchical sequence. The hierarchical
sequence y 1s generated using a sequence x, of length n; and
a sequence X, of length n,, as follows:

y(1)=X,(1modn,)+x,(1+n,) for1=0, ..., (n,*n,)-1

Further, the sequences x, and X, are select sequences of
length 16 as follows.

x,=<0,0,1,1,0,1,0,1,1,1,1,1,0,0,0,1>

x,=<0,0,1,1,1,1,0,1,0,0,1,0,0,0,1,0>

The Hadamard sequences are obtained as the rows 1n a
matrix Hy constructed recursively by:

H, , H,_
sz( k-1 Hip_j

], k=1
H, » H;_

Therows are numbered from top starting with row 0 (the all
ones sequence). The nth Hadamard sequence 1s denoted as the
nth row of Hy numbered from the top, n=0,1,2, . ..,255, in the

sequel.
Theretore, let h (1) and y(1) denote the 1th symbol of the
sequence h, and v, respectively where 1=0, 1, 2 . . ., 255 and

1=0 corresponds to the leftmost symbol.

By XOR-gating a 256-chip Hadamard sequence h_ (1) and
the hierarchical sequence y(1), a kth sync code 1s then defined
as

Cee. 1=, (0)+y(0), by, (D+y(1), b, (2)+y(2), . . .,
h,,(255)+y(255)},

Where m=8xk, k=0,1.2, ..., 17, and the leftmost chip in the
sequence corresponds to the chip transmitted first 1n time.

Then, synchronization code #0 generated i the above
manner 1s assigned to the P-SCH signal, where

szcs.:‘:. 0

The other synchronization codes, C .. | to C,__ |, are
assigned 1n the respective slots of a secondary sync (S-SCH)
signal.

The primary sync code ¢, 1s repeatedly transmitted only for
256 chips every slot, which 1s V10 of one slot. The sync code
used for the primary sync channel signal 1s the same for every
cell. The primary sync channel signal 1s used for detecting the
slot timing of the received signal by the mobile station. The
base station transmitter introduces a comma-iree code when
transmitting the secondary sync channel. The comma-iree
code 1s comprised of 32 code words, and each code word 1s
comprised of 16 symbols and transmitted repeatedly in every
frame. However, the 16 symbol values are not transmitted as
they are, but each symbol value 1s mapped 1nto a secondary
sync code and 1s transmitted for frame synchronization and
base station group information. The mobile stations have the
comma Iree code table and know the mapping relation of the
symbols and secondary sync codes. As shown in FIG. 1, an ith
sync code, corresponding to a symbol value “1’, 1s transmatted
every slot. C_** indicates the ith secondary synchronization
code mserted 1n the kth slot. The 32 code words of the
comma-iree code i1dentity 32 groups, and the comma-iree
code has a unique cyclic shiit feature for each code word.
Therefore, it 1s possible to obtain information about the code
groups and frame synchronization using the secondary sync
channel signal (code). Here, “frame synchronization™ refers
to synchronmization of timing or phase within one period of a
PN spreading code 1n a spreading spectrum system. However,
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in the existing W-CDMA system, since both one period of the
spreading code and the frame length are equal to 10 ms, this

PN code synchronization will be referred to as frame syn-
chronization.

In the mobile station, a correlation value 1s calculated fora 3
spreading code of a base station 1n order to distinguish dif-
ferent base station codes used by different base stations. For-
ward common channels, such as a pilot channel and a broad-
casting channel (BCH), can be used when calculating the
correlation value for the spreading code of the base station. In 10
the conventional W-CDMA system, the pilot symbol 1s trans-
mitted on the broadcasting channel using Time Division Mul-
tiplexing (TDM). However, the recent harmonization group
OHG (Orgamized Harmonization Group) recommends trans-
mitting the forward common pilot. FIG. 1 shows an example 15
where the forward common pilot channel 1s transmitted by
CDM (Code Division Multiplexing) and transmission of the
pilot channel 1s discontinued when the sync code 1s transmut-
ted.

FI1G. 2 shows an example where the forward common pilot 20
channel signal 1s transmitted by CDM and the pilot channel
signal 1s continuously transmitted without discontinuation
even when the sync channel signals are transmaitted.

The common pilot channel signal can transmit the pilot
symbol and data using time division multiplexing 1n every 25
slot (the existing W-CDMA structure). Otherwise, there may
be provided separate channels for transmitting the data. In
this case, the channel frame for transmitting data should have
the same boundary as the common pilot channel frame. Gen-
erally, the common pilot channel does not transmit data, but 30
only transmits the pilot symbol, all +1 or -1.

In the synchromization process of the conventional
W-CDMA system, the synchronization 1s acquired through
three search steps. In the first step, synchronization of the
0.625 ms slot 1s acquired. In the second step, frame synchro- 35
nization 1s acquired and group 1dentification i1s performed. In
the third step, the spreading code (the specific base station
code) used 1n the group 1s decided.

However, 1n the conventional synchronization process,
when performing the frame synchronization and group iden- 40
tification of the second step, the secondary sync channel 1s
undesirably monitored for a period of 10 ms. That 1s, in a
conventional CDMA communication system, 1t 1s not pos-
sible to acquire frame synchromzation within one period of
the spreading code. Further, in the W-CDMA commumnication 45
system, 1t 1s not possible to perform synchronous communi-
cation using only one sync channel. Therefore, 1n a conven-
tional CDMA communication system, the frequent repeti-
tions of transmitting the sync code makes it impossible to
mimmize interference on the forward link. Accordingly, 1t 1s 30
not possible to increase the system capacity.

In addition, in the conventional system, in order to syn-
chronize information about a code group with a frame, the
secondary sync channel must be received continuously dur-
ing one frame. The present invention aims at reducing the 55
overall synchronization time by minimizing the time required
for recerving the secondary sync channel.

SUMMARY OF THE INVENTION

60
It 1s, therefore, an object of the present invention to provide
a device and method for minimizing communication of the
sync channel signal while acquiring synchronization in a
W-CDMA communication system.
It 1s another object of the present mvention to provide a 65
synchronization device and method for a base station 1n a
W-CDMA communication system, wherein a primary sync

4

code for frame synchronization 1s transmitted at a predeter-
mined location within a one frame period, and a secondary
sync code corresponding to the code group to which the base
station belongs 1s transmitted at a location predetermined
chip size distance from the primary sync code.

It 1s Turther another object of the present invention to pro-
vide a synchronization device and method for a base station in
a W-CDMA communication system, wherein a primary sync
code for frame synchronization 1s transmitted at a predeter-
mined location within a one frame period, and a secondary
sync code corresponding to the code group to which the base
station belongs, 1s transmitted at a previously set location
after the primary sync code.

It 1s yet another object of the present invention to provide a
synchronization device and method for a base station 1n a
W-CDMA communication system having a plurality of
antennas which support a transmit diversity function, wherein
a primary sync code for frame synchronization 1s transmaitted
through the antennas at a predetermined location within a one
frame period, and a secondary sync code corresponding to the
code group, to which the base station belongs, 1s transmaitted
at a previously set location after the primary sync code.

It 1s still another object of the present invention to provide
a synchronization, device and method for a base station 1n a
W-CDMA communication system, wherein every base sta-
tion uses the same spreading code instead of a secondary sync
channel code, and each base station transmits a primary sync
channel code at a predetermined ofifset location within a
frame length.

It 1s yet still another object of the present mvention to
provide a synchronization device and method for a mobile
station 1n a W-CDMA communication system having a base
station which transmits a primary sync channel code for
frame synchronization at a predetermined location, which 1s
known at the mobile station by a predetermined mobile com-
munication standard, within a one frame period and transmits
a secondary sync channel code corresponding to the code
group, to which the base station belongs, at a location a
predetermined chip size distance from the primary sync chan-
nel code, wherein the synchronization device and method
determines whether frame synchronization 1s acquired or not
by acquiring the received primary sync channel code and then
determines the secondary sync channel code, after acquisi-
tion of the primary sync channel, to determine a code group.

In accordance with one aspect of the present invention, a
sync channel transmission device for a base station 1n an
asynchronous CDMA communication system comprises a
primary sync channel transmitter for generating a primary
sync code to indicate the starting point of one frame, said
frame equaling one period of a spreading code of common
pilot channel, and transmitting the primary sync code at a first
location 1n the frame; and a secondary sync channel transmiut-
ter for generating a secondary sync code assigned to the group
ol base stations to which the base station belongs, and trans-
mitting the secondary sync code at a second location 1n the
frame.

In accordance with another aspect of the present invention,
a sync channel recerving device for a mobile station 1n an
asynchronous W-CDMA system comprises a primary sync
channel acquisition decider for acquiring a primary sync
channel code receirved at a first location 1n a frame, and
acquiring synchromization for the starting point of a frame,
said frame equaling one period of a spreading code of com-
mon pilot channel; and a code group decider receives a sec-
ondary sync channel code transmitted at a second location 1n
the frame, and determining the base station group to which
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the corresponding base station belongs by the distance of the
primary synchronization code and secondary synchroniza-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description when taken 1n conjunction with
the accompanying drawings in which:

FI1G. 1 1s a diagram 1llustrating a sync channel structure of
a conventional W-CDMA communication system;

FIG. 2 1s a diagram 1llustrating another sync channel struc-
ture of a conventional W-CDMA communication system:;

FIGS. 3A to 3C are diagrams 1llustrating several methods
for generating one sync channel within one period of a
spreading code according to an embodiment of the present
invention;

FIG. 4 1s a diagram 1illustrating a sync channel structure
according to a first embodiment of the present invention;

FIG. 5 1s a diagram 1illustrating a sync channel structure
according to a second embodiment of the present invention;

FIG. 6 1s a diagram 1llustrating a time slot and sync code
assignment table used 1n the sync channel structure according
to the second embodiment of the present invention;

FIG. 7A 1s a diagram 1llustrating a sync channel structure
according to a third embodiment of the present invention;

FIG. 7B 1s a diagram 1llustrating a sync channel structure
according to a fourth embodiment of the present invention;

FIG. 8A 1s a diagram 1illustrating a sync channel structure
according to an embodiment of the present mvention 1n a
CDMA communication system supporting antenna diversity;

FIG. 8B 15 a diagram 1llustrating a sync channel structure
according to another embodiment of the present invention 1n
a CDMA communication system supporting antenna diver-
sity:

FIG. 9A 1s a diagram 1llustrating a structure of a common
pilot channel and a sync channel according to an embodiment
of the present invention;

FIG. 9B 1s a diagram 1llustrating a structure of a common
pilot channel and a sync channel according to another
embodiment of the present invention;

FIG. 10A 1s a diagram 1illustrating a case where a sync
channel and a pilot channel use different long codes accord-
ing to an embodiment of the present invention;

FIG. 10B 1s a diagram 1illustrating a case where the sync
channel and the pilot channel use the same long code accord-
ing to an embodiment of the present invention;

FI1G. 10C 15 a diagram 1llustrating a case where every base
station uses the same long code for the sync channels and
different long codes for the pilot channels, and the same long
code 15 used on a group unit basis according to an embodi-
ment of the present invention;

FIG. 11A 1s a diagram 1llustrating a structure of a channel
transmitter for transmitting sync channel codes according to
an embodiment of the present invention;

FIG. 11B 1s a diagram 1llustrating a structure of a channel
transmitter for transmitting sync channel codes 1n a CDMA
communication system supporting antenna diversity accord-
ing to an embodiment of the present invention;

FIG. 12 1s a diagram 1llustrating a recerving device for a
mobile station in a CDMA communication system having the
sync channel structure according to an embodiment of the
present invention;

FI1G. 13 15 a flow chart illustrating an operation performed
in the primary sync channel acquisition decider of FIG. 12
according to an embodiment of the present invention;

10

15

20

25

30

35

40

45

50

55

60

65

6

FI1G.14 1s a diagram 1llustrating another receiving device
for a mobile station in a CDMA communication system hav-

ing the sync channel structure according to an embodiment of
the present invention;

FIG. 15 1s a diagram 1llustrating the despreader and the
code group decider of FIG. 14 according to an embodiment of
the present invention;

FIG. 16 1s a flow chart illustrating an operation performed
in the decider of FIG. 15 according to an embodiment of the
present invention;

FIG. 17A 1s a diagram 1llustrating a scheme for generating
a sync code for an asynchronous primary sync channel 1n a
CDMA communication system according to an embodiment
of the present invention;

FIG. 17B 1s a diagram 1llustrating a scheme for generating
a sync code for a synchronous primary sync channel 1 a
CDMA communication system according to an embodiment
of the present invention;

FIG. 18 15 a flow chart illustrating a procedure for deter-
mining, in a mobile station, a base station code by analyzing
sync codes transmitted from an asynchronous or synchronous
system according to an embodiment of the present invention;
and

FIGS. 19A to 19C are diagrams 1illustrating information
field structures for performing neighbor cell search 1n a
CDMA communication system according to an embodiment
of the present invention.

PR.

(L]
=]

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

A preferred embodiment of the present invention will be
described herein below with reference to the accompanying
drawings. In the following description, well-known functions
or constructions are not described 1n detail since they would
obscure the mvention 1n unnecessary detail.

In the following description, every base station shares the
same code for the primary sync code transmitted over a pri-
mary sync channel. in addition, the secondary sync code
transmitted over the secondary sync channel indicates a code
group of the base stations.

The present invention relates to mitial synchronizationin a
CDMA communication system. As in the conventional
W-CDMA system, the base stations are identified by unique
spreading codes, which are classified into several groups. For
example, a base station can spread a forward link using 512
unique spreading codes, which can be classified into 32
groups. Thus, each group includes 16 spreading codes. A
mobile station performs initial acquisition and cell search
without knowing the time sync or which spreading code the
base station 1s presently using. Moreover, 1t 1s very difficult
for the mobile station to acquire 1mitial acquisition because
the mobile station must test all the possible hypotheses with-
out having either the spreading code information or the mitial
time sync information. Therefore, 1n this situation, there 1s a
need for the mobile station to effectively acquire 1imitial acqui-
sition.

The present invention proposes a method which acquires
synchronization at a boundary of one period of a frame which
1s one spreading code period using at least one primary sync
channel code inserted every period of the frame, receives the
primary sync channel code every period of the frame, and
thereafter detects at least one secondary sync channel code
received with or without a time delay, thereby identifying the
group to which the base station belongs based on the second-
ary sync channel code. The secondary sync channel code 1s
unique to all the base stations 1n a base station group. There-
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fore, the mobile station can 1dentify the base station group by
detecting the secondary sync channel code. Further, the
invention proposes a sync channel structure which can effec-
tively perform frame synchronization and group identifica-
tion of a spreading sequence. In the following W-CDMA
system examples, one period of a spreading code used 1n the
torward link 1s 1dentical to the frame length. Herein, “frame
synchronization” refers to acquiring synchronization for
transmission timing within one period of the spreading code.

Further, the present invention proposes a scheme 1n which
a code for the primary sync channel 1s transmitted one or more
times every period or frame of the spreading code, and a code
for the secondary sync channel 1s transmitted either at the
same time as the code for the primary sync channel or with a
time delay after transmission of the code for the primary sync
channel. Here, in order to enable the receiver to easily acquire
the transmitted sync channel codes, the primary sync channel
signal (code) 1s transmitted as the PN code which 1s com-
monly used by every base station, and the secondary sync
channel signal (code) 1s transmitted as the spreading
sequence or a code for group 1dentification. The secondary
sync channel code 1s unique for all the base stations 1n a base
station group.

The receiver attempts to acquire the primary sync channel
code, and when the mobile station succeeds 1n acquisition of
the primary sync channel code, synchronization 1s acquired
tor the boundary of the spreading code (1.¢., a boundary of the
frame). Atthis point, we assume the base station transmits the
primary sync code at the starting point of the frame or with a
predetermined time delay, which 1s previously determined for
the entire system, so that 1t 1s known by all base stations and
the all mobile stations.

Thereafter, it 1s necessary for the mobile station to detect
the group to which the transmitting base station belongs, and
the spreading code which 1s being used for spreading pilot
channel signal. The mobile station distinguishes the group of
the base station by detecting the secondary sync channel
code. For the secondary sync channel, each group has a
unique code. For group 1dentification, the codes used for the
secondary sync channel of each base station group can be
either orthogonal or not orthogonal with each other. It 1s
possible to simply implement the recerver using fast Had-
amard transform (FHT), while securing an orthogonality as
between the codes. The recerver despreads a recerved signal
including secondary sync codes on the secondary sync chan-
nel and selects the secondary sync code having the highest
energy (1.e., a group having a higher probability), and then
decides the selected group 1s the group to which the transmiut-
ting base station belongs. After finding out which secondary
sync code 1s being used by the transmitting base station, the
mobile station performs despreading on all the possible
spreading codes of the group to which the base station
belongs, and selects a spreading code having the highest
probability according to the despreading results. Here, 1t 1s
possible to detect at least one of the spreading code used in
one group through the forward common channels such as the
pilot channel or the broadcasting channel.

FIGS. 3A to 3C show a sync channel structure for frame
synchronization according to an embodiment of the present
invention. Referring to FIGS. 3A to 3C, “frame synchroniza-
tion” refers to a procedure for acquiring timing synchroniza-
tion within one period of a spreading code 1n a spread spec-
trum system. FIGS. 3A to 3C show a case where a sync
channel s1ignal 1s transmitted at a specific location of a spread-
ing code period 1n the spread spectrum system. A recerver
corresponding to a transmitter having the above channel
structure first acquires a sync channel signal and thereafter
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automatically acquires frame synchronization. Herein,
“frame synchronization™ refers to synchromization for initial
timing or phase within one period of a PN spreading code in
the spread spectrum system. However, in the existing
W-CDMA system, since one period and the frame length of
the spreading code are both equal to 10 ms, to find the start
time of 10 ms will be referred to as frame synchronization. At
this point, the sync channel signal can be acquired using the
conventional matching filter. When comparing this with the
synchronization process in the conventional W-CDMA, 1t 1s
possible to acquire frame synchronization in a single process,
using one sync channel at a low frequency. In this context,
frequency refers to the number of transmissions, and low
frequency means fewer repeated transmissions.

FIG. 3A shows a method for transmitting a sync channel at
a predetermined location within one period of a spreading
code 1n a spread spectrum system using a spreading code of
period P. Here, “predetermined location” refers to a location
a specific length L away from the starting point (i.e., mitial
state) of one period of the spreading code, wherein the value
L 1s predetermined value known by both the transmaission side
and the receiving side. The sync channel signal 1s transmaitted
for alength of N chips, and it 1s assumed herein that the sync
channel signal 1s transmitted for 256 chips. The recerver
acquires the sync channel signal using the matching filter.
After acquisition of the sync channel signal, the recetver can
automatically acquire synchronization for timing of the PN
spreading code. That 1s, 1t 1s noted that the starting point of
one period of the spreading code (i.e., a starting point of the
frame) begins at L. chips betfore the acquired sync channel.

FIG. 3B shows a case where L.=0. That 1s, shown 1s a case
where a starting point of the sync channel signal 1s concurrent
with a starting point of a period of the spreading code. FIG.
3C shows a case where for L=P-N, an ending point of the
sync channel signal 1s concurrent with a starting point of a
next period of the spreading code.

In the case where there 1s only one PN code used for a
spreading code, completing acquisition of the sync channel
signal 1s equivalent to completing acquisition of a spreading
code. However, 1in the case where there are several PN codes
used for the spreading code, each base station having i1ts own
umque spreading code, acquisition for the spreading code 1s
performed in two steps as follows. The recerver first performs
acquisition on the sync channel. When timing for the sync
channel 1s acquired, the mobile station does not know which
spreading code 1s used, but has already acquired information
about a phase (or timing) of the spreading code. The recerver
calculates correlation values by performing despreading on
all the possible spreading codes using the timing information
to detect the maximum value out of the calculated correlation
values, or to detect the used spreading code by comparing the
values with a threshold value or combining the values, so as to
acquire final synchronization.

FIGS. 3A to 3C show the cases where the sync channel
signal 1s transmitted only once 1n one period of the spreading
code. However, 1t 15 also possible to acquire timing of the
spreading code using the sync channel even 1n the case where
the sync channel signal 1s transmitted only once over several
periods of the spreading code. Alternatively, the sync channel
signal can be transmitted several times within one period of
the spreading code.

FIG. 4 shows a sync channel structure according to a first
embodiment of the present invention. Referring to FIG. 4, the
base station transmits a primary sync code and a secondary
sync code for one period of PN sequence. The primary sync
code has a length of N-chip period and the secondary sync
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code has a length of N,-chip period. In the embodiments of
the present invention described below, 1t will be assumed that
N,=N,=256 chips.

Referring to F1G. 4, the primary sync code 1s transmitted L,
chips after a boundary of the frame (1.¢., a starting point of one
frame) or after a boundary of one period of the spreading
code. In some cases, the [, value can be 0O, resulting 1n the
primary sync code being transmitted at the boundary of the
tframe. In addition, the secondary sync code 1s transmitted L,
chups after the ending point of the primary sync code. The
secondary sync code and the group to whiCh the base station
belongs, correspond to each other according to a predeter-
mined mapping rule (1.e., first secondary code indicate first
group). Therefore, when the mobile station detects the sec-
ondary sync code, the mobile station can identity the group to
which the base station belongs.

In order to enable coherent demodulation by transmitting
the primary sync code and the secondary sync code through
the same antenna, 1t 1s preferable to transmit the L,-chip
interval between the two sync codes within a coherent time. In
FIG. 4, L, 1s the guard interval between the primary sync code
and the secondary sync code. In the first embodiment of the
present invention, it 1s assumed that the interval L, between
the two sync code 1s 256 chups. Here, 1t 1s also possible to set
L.,=0 to consecutively transmit the secondary sync code after
transmission of the primary sync code. However, when the
mobile station attempts to detect the secondary sync code
immediately after detecting the primary sync code, 1t 1s pos-
sible to permit a slight time interval so that the mobile station
can detect the secondary sync code with a slight time delay. A
detailed description of this will be made later with reference
to a description of the receiver.

FIG. 5 shows a sync channel structure according to a sec-
ond embodiment of the present invention. In the sync channel
structure according to the first embodiment of FIG. 4, the
secondary sync code 1s 1dentified using the different spread-
ing codes. However, 1n the sync channel structure according
to the second embodiment of FI1G. 5, groups (alphabets) of the
secondary sync codes can be given in combination of differ-
ent starting time. In addition, FIG. 6 shows alphabet alloca-
tion for the secondary sync code 1n the sync channel structure
according to the second embodiment.

Referring to FIG. 5, if the number of alphabets for the
secondary sync code used for group identification of the base
station 1s X, those are identified 1n (m*n) combinations
(X=m™*n) of (T,-T,) time slots and (C,-C, ) different
spreading codes. In FIG. 6, 1t 1s .assumed that the number of
alphabets 1s 20, the number of used time slots 1s m=>5, and the
number of spreading codes used for one time slot 1s n=4. The
term “alphabet” refers to the number of signals available for
one symbol to transmit information about the code group or
frame synchronization over the secondary sync code. Alpha-
bets corresponds to groups. In the present mvention, 1t 1s
assumed that each second sync code 1s transmitted by repeat-
ing the code group information and the receiver can 1dentily
the code group to which the base station belongs, even though
the receiver receives only a single code.

When a secondary sync code related to an alphabet 1s
determined 1n the above sync channel structure, the time slots
in which to transmit, as indicated by the alphabet allocation
for the sync channel, shown in FIG. 6, and the spreading
codes to be used at that time are determined. After transmis-
s1ion of the primary sync code, the secondary sync code will be
transmitted with a designated code at a designated time slot.
Here, the sync codes used for one time slot can be orthogonal
to each other. In addition, to avoid a collision between the
signals from different neighbor base stations (1.e., to avoid
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performance degradation due to cross-correlation coetfi-
cients), 1t 1s possible to have the groups of the codes used for
the different time slots become exclusive to each other. The
reason for distributing transmission of the alphabets (codes)
in the second dimension of time and code 1s because there are
too many possible codes for the secondary sync code to be
despread at one time slot. By distributing the alphabets 1n
combination of the time slots and the spreading codes, when
the receiver performs simultaneous despreading, the number
of the codes to be tested 1s drastically reduced.

In FIG. 5, reference numeral 41 shows a case where a used
alphabet (or a group of the spreading code) 1s 3, and reference
numeral 42 shows a case where a used alphabet (or a group of
the spreading code) 1s 10. Here, 11 the alphabet to be trans-
mitted over the secondary sync channel 1s 3 (1n this case, 1t 1s
identical to an ID of the group), the secondary sync code
transmitted by the base station 1s transmitted at the first time
slot according to alphabet assignment of FIG. 6 and at this
time, the third code C;[1] 1s transmitted. Here, ‘1” 1n the brack-
cts indicates that the transmitted code can vary according to
the time slot. That 1s, 1t means that the code to be transmutted
can vary at each time slot. Thus, C;[1] 1s not only transmaitted
at a different slot than C,[2], but 15 also a different code.
Further, when an alphabet of the secondary sync channel to be
transmitted 1s 10 as shown by reference numeral 42, the third
time slot and the second spreading code C,[3] are assigned
according to alphabet allocation of FIG. 6.

Therefore, when the base station transmits the secondary
sync channel, which 1s C,[3], at the third time slot to transmit
the alphabet 10 as shown by reference numeral 42 of FIG. 5§,
the mobile station can find out the information about the code
group to which the base station belongs, by detecting C, atthe
third time slot. Thereafter, the mobile station should detect
which spreading codes are used in the group to which the base
station belongs. To this end, the mobile station performs
despreading on all the possible spreading codes of the group
to which the base station belongs and selects the spreading
code having the highest possibility. At this point, the mobile
station can use the forward common channels such as the pilot
channel and the broadcasting channel in order to determine
the used spreading code 1n one group. In the embodiment of
FIG. 5, there exists an interval of L, chips between the time
slots. This 1s to spare a time to the recerver in demodulating
the next slot after demodulating a signal on the previous slot
using the same hardware. However, the interval L, between
the time slots can be set to 0, or the time slots can be over-
lapped. Of course, 1n this case, the recerver will be more
complex 1n structure (1.e., have two demodulators), as com-
pared with the case where there exists an interval between the
time slots.

In the embodiments of FIGS. 4 and 5, the base station
transmits the primary sync channel once in one period or
one-frame duration of the spreading code for the forward link,
and the mobile station acquires synchronization for this to
acquire timing or {frame synchronization of the spreading
code. Thereatter, the code group 1s determined through the
secondary sync channel. The secondary sync channel can be
transmitted at least once. Transmitting more than once pro-
vides time diversity, and, thus, provides more reliability when
receiving the secondary sync channel. In particular, when the
base station transmits the forward link using two or more
antennas, it 1s possible to obtain an antenna diversity effect by
alternately transmitting the symbols through the antennas.

Unlike the embodiments stated above, the base station can
transmit the primary sync code two or more times 1n one-
frame period. This 1s reduce the overall acquisition time by
increasing a synchronization speed of the primary sync chan-
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nel. That 1s, the primary sync code 1s transmitted NUM_ PRI
times every one period or one-frame length of the PN spread-
ing sequence, and only one of them 1s acquired to perform
sync acquisition. However, at this point, 1t 1s not possible to
acquire synchronization of the spreading sequence (or syn-
chronization of the frame) at the locations of the NUM_PRI
primary sync channels. That 1s, acquisition of frame synchro-
nization and group detection is performed by analyzing infor-
mation about the secondary sync channel. In the third and
fourth embodiments of the present invention, a description
will be made with reference to a case where the number of
alphabets required for the secondary sync code 1s
NUM_PRI*NUM_GROUP. Here, NUM_GROUP denotes
the number of groups for classifying the spreading codes of
the base station. The reason that so many alphabets for the
secondary sync code are required 1s because 1t 1s necessary to
identify the ID of the groups and acquire synchronization of
one frame out of NUM-PRI candidates. The invention 1is
different from the existing W-CDMA sync channel in that one
symbol (the secondary sync channel 1s composed of one
symbol) of one frame 1s demodulated in the second step 1n
order to acquire synchronization of group and frame. How-
ever, the sync channel structure according to the present
invention 1s advantageous against the existing W-CDMA
sync channel structure 1n that it 1s possible to perform deter-
mination of the group ID and acquisition of frame synchro-
nization even 1t only one secondary sync channel 1s recerved.

FIG. 7A shows a sync channel structure according to a third
embodiment of the present invention, wherein NUM_PRI 1s
2.

Referring to FIG. 7A, the base station transmits the pri-
mary sync channel twice in one-frame period as shown by
reference numeral 71 of FIG. 7A. Here, it 1s assumed that a
time interval between transmitting the primary sync code 1s
half of one period P (i.e., P/2) of the spreading sequence as
shown by reference numeral 71, and the L, value 1s 0. How-
ever, L, canhave a specific value and the transmission interval
of the primary sync channel 1n the one-frame period can be set
to a value other than P/2. The base station transmits the
secondary sync code at a location being part by L, shown by
reference numeral 72 of FIG. 7A after transmission of the
primary sync code. The L, value can be 0, when necessary.

In FIG. 7A, the secondary sync code can be located at the
center of the symbols of two consecutive primary sync codes.
However, 1n the embodiment of the present invention, it 1s
assumed that the secondary sync code 1s transmitted 256
chups after completing transmission of the primary sync code
(L.=256). By doing so, the invention has the following advan-
tages.

The reason that the base station consecutively transmits the
primary sync code and the secondary sync code 1s because the
base station can coherently demodulate the secondary sync
code by performing channel estimation using the primary
sync code when detecting the secondary sync code after
acquiring the primary sync code. Of course, when the recerver
has a great frequency oifset, it 1s not possible to perform
coherent detection. However, when the frequency offset 1s
smaller or when an 1nitial frequency ofiset can be reduced to
some extent using an automatic frequency controller (AFC),
it 1s possible to perform coherent detection. That 1s, when the
frequency ofiset 1s great during, for example, 1nitial acquisi-
tion, coherent demodulation 1s unavailable. However, during
neighbor cell search and finger allocation, coherent demodu-
lation 1s available. In addition, the L, value can be set higher
than 0. For example, 1t 1s possible to leave an interval of 256
chips (=1 symbol) when the primary sync code and the sec-
ondary sync code are consecutively transmitted as stated
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above, 1t 1s possible not only to perform coherent demodula-
tion but also to minimize a synchronization time by attempt-
ing to detect the secondary sync code immediately after
acquiring the primary sync code having high power.

A primary goal of the present invention 1s to set a time
interval between the primary sync code and the secondary
sync code within a coherent time so that channel estimation 1s
performed using the primary sync code to coherently
demodulate the secondary sync code. Further, a slight time
interval 1s permitted between the primary sync code and the
secondary sync code to acquire the secondary sync code
immediately after a slight delay for determination when the
primary sync code 1s acquired with reliability. That 1s, 1t 1s
possible to reduce the overall search time by minimizing the
interval between the primary sync code and the secondary
sync code, considering a slight processing delay of the mobile
station.

The number of alphabets transmitted over the secondary
sync channel 1s assumed to be NUM_PRI*NUM_GROUP.
This 1s to acquire information about code group and frame
synchronization even if only one secondary sync code 1s
received.

FIG. 7B shows a sync channel structure according to a
fourth embodiment of the present invention. The sync chan-
nel structure of FIG. 7B employs the method, shown 1n FIG.
6, of transmitting the secondary sync code by assigning the
time slots and alphabets. Although the sync channel structure
shown 1n FIG. 7B 1s i1dentical to that of FIG. 7A 1n that a
plurality of the primary sync codes and the secondary sync
codes are transmitted in one-frame period, time intervals L.,
and L., between the primary sync code and the secondary
sync code can be different from each other. This 1s because the
primary and secondary sync codes may transmit different
alphabets to transmit different frame sync information. An
increase in the frequency NUM_PRI of transmitting the pri-
mary sync code causes an increase in amount of the sync
information of the frame to be transmitted to the secondary
sync code, and when one secondary sync code code includes
both the group information and the frame sync information as
in an embodiment of the present invention, the number of
alphabets to be transmitted over the secondary sync channel
increases drastically. That 1s, when there exist 32 groups and
the primary sync code 1s transmitted four times 1n one-frame
period, the number of alphabets to be transmitted AT the
secondary sync code increases to 128. Further, when the
primary sync code 1s transmitted eight times 1n one-frame
period, the number of alphabets to be transmitted to the sec-
ondary sync code increases to 256. This method may increase
complexity of the recerver.

When the alphabets of the secondary sync channel are
transmitted by assigning time slots and spreading codes, the
number of spreading codes to be simultaneously despread 1s
decreased. Therefore, 1t 1s possible to decrease complexity of
the mobile station. The time slots and spreading codes can be
assigned such that the time slots should 1ndicate sync infor-
mation of the frame and the spreading code should indicate
information about the group to which the base station
belongs. On the other hand, the time slots and spreading codes
can be assigned such that the time slots should indicate infor-
mation about the group to which the base station belongs and
the spreading code should indicate sync mnformation of the
frame. Here, “sync information of the frame” means infor-
mation about a location where the previous primary sync code
has a specific offset value within one frame.

In the CDMA system, the base station can employ antenna
diversity which transmits a signal using several antennas.
Although FIGS. 8A and 8B show a case where the primary
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sync code and the secondary sync code are transmitted twice
in a one-irame period, the mvention can be applied even to a
case where the primary sync code and the secondary sync
code are transmitted more than twice in the one-frame period.

FIG. 8A shows a case where the sync channels of FIG. 7TA
are transmitted using two antennas. Referring to FIG. 8 A, the
primary sync code and the secondary sync code connected
thereto are transmitted through the same antenna. This 1s
because when the primary sync code having a high level 1s
detected, 1t 1s guaranteed that the secondary sync code also
has a high level. In addition, by doing so, 1t 1s possible to
coherently demodulate the secondary sync code using the
primary sync code as a channel estimator. As shown 1n FIG.
8 A, a first antenna Antl transmits the primary sync code and
the secondary sync code connected thereto, and after a spe-
cific time lapse, a second antenna Ant2 transmits the next
primary sync code and the secondary sync code connected
thereto.

FIG. 8B shows a case where the sync channels of FIG. 7B
are transmitted using two antennas. Similarly to FIG. 8 A, the
primary sync code and the secondary sync code connected
thereto are transmitted through the same antenna. A differ-
ence between FIG. 8 A and 8B 1s that the interval between the
primary sync code and the secondary sync code transmitted
through one antenna 1s different from the interval between the
primary sync code and the secondary sync code transmitted
through the other antenna. This 1s so when the primary sync
code having a high level 1s detected, 1t 1s guaranteed that the
secondary sync code also has a high level.

FI1G. 9A shows structures of a sync channel and a common
pilot channel according to an embodiment of the present
invention. In FIG. 9A, reference numeral 91 denotes the
primary sync code and reference numeral 92 denotes the
common pilot code. This embodiment of the present mven-
tionrelates to operation in an asynchronous system, and in the
embodiment of FIG. 9A, the number of different spreading
codes used for cell identification 1s limited to 16. Therefore, 1t
1s assumed herein that the secondary sync code used for group
identification 1s not necessary. In addition, a frame starting
point can be detected by transmitting the primary sync code
once every Irame, instead of transmitting the primary sync
code once every slot. In this embodiment of the present inven-
tion, the primary sync code 1s transmitted at higher power
(S=1) as compared with the primary sync code 1n the asyn-
chronous mode. That 1s, in this embodiment of the present
invention, transmission power of the sync code 1s higher than
or equal to 1. A starting point of the primary sync code 1s L
chips (L=0) from a starting point of the common pilot chan-
nel frame, and the primary sync code 1s transmitted K times
(K=1) by P chips every frame. FIG. 9A shows a case where
[.=0 and K=1.

The common pilot channel can use different spreading
codes for different base stations, or can apply different PN
olfsets to the same spreading code. A generation method and
a period of the spreading code are the same as the asynchro-
nous mode. However, 1n the synchronous mode stated above,
a spreading code, which 1s different from the spreading code
used 1n the asynchronous mode, should be used. In FIG. 9A,
the common pilot channel 1s not transmitted 1n a period where
the primary sync code 1s transmitted.

FIG. 9B shows a case where the common pilot channel 1s
continuously transmitted even 1n a period where the primary
sync code 1s transmitted. A description of each reference
numeral 1 FIG. 9B 1s identical to a description of the corre-
sponding reference numeral in FIG. 9A.

FIGS. 10A and 10B show a case where only one PN code

1s used for a spreading code and base station 1dentification 1s
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performed using a PN offset. To show an example where a
channel 1s spread with a PN spreading code, this embodiment
ol the present invention assumes that the common pilot chan-
nel 1s transmitted by code division multiplexing (CDM).
However, it should be noted that the invention can be easily
applied regardless of the channel structure. In the proposed
method, the secondary sync code 1s not used, a starting point
of the primary sync code 1s apart by L chips (L=0) from a
starting point of one period of the spreading code, and the
primary sync code 1s transmitted K times (K=1) by N chips
every period of the PN spreading code. FIGS. 10A and 10B
show a case where K=1 and L=0. The base stations are dis-

tinguished with ditferent PN offsets. It 1s assumed that a base
station BS1 has a PN offset of ‘0’, a base station BS2 has a PN

offset of ‘2’ and a base station BS3 has a PN offset of 3.
Starting points where the base stations transmit their primary
sync codes have a time difference by the PN offsets, so that it
1s possible to acquire timing information of the spreading
code upon acquisition of the primary sync code, regardless of
the PN offset values of the base stations. The common pilot
channel can be either continuously transmitted or not trans-
mitted at the time where the primary sync code 1s transmitted.
The sync channels of the W-CDMA system are transmaitted
while maintaining orthogonality with other channels for the
forward link. However, 1n FIG. 10A, the primary sync code
can maintain orthogonality with other channel signals. This 1s
possible by XORing the spreading code for the forward link
and a Walsh function, for the sync codes.

In the embodiment of FIG. 10B where only one PN code 1s
used for the spreading code for the forward link in the syn-
chronous mode, N chips 1n the period being part by L chips
from the starting point of the PN code for the pilot channel can
be used for the primary sync channel. FIG. 10B shows a case
where L=0. In this case, 1t can be considered that the primary
sync code 1s transmitted at increased power 1n the correspond-
ing period of the common pilot channel, and this can be
implemented by gain controlling.

FIG. 10C shows a case where the number of different PN
codes used for the spreading code on the forward link 1s
higher than 1. A starting point of the primary sync code 1s
apart by L chips (L.=0) from a starting point of one period of
the spreading code, and the primary sync code 1s transmitted
once by N chip length every frame. FIG. 10C shows a case
where L=0. The base stations are 1dentified using different
spreading codes or different PN offsets for the same spread-
ing code. In the embodiment of FIG. 10C, it 1s assumed that
the base stations BS1, BS2 and BS3 commonly use the first
spreading code and have different PN offsets of PN offset 1,
PN offset 2 and PN offset 3, respectively. The PN ofiset 1 15 0.
Further, it 1s assumed that the base stations BS4, BS5 and BS6
all use the Hth spreading code and have the different PN
offsets of PN offset 1, PN offset 2 and PN offset 3, respec-
tively. That 1s, the PN offset values which can be given for
different base stations can be equal to each other because the
spreading codes will be different. Starting points where the
base stations transmit their the primary sync codes have time
differences by the corresponding PN offsets, so that it 1s
possible to acquire timing information of the spreading code
upon acquisition of the primary sync code regardless of the
PN offset values of the base stations. After acquiring the
timing information of the spreading code, despreading 1s
performed on the different spreading codes to detect the used
spreading code, thereby finally acquiring synchronization.

In FIG. 10C, when NUM_OFFSET=32 and H
(=NUM_PN)=16, 1.e¢., when 16 different PN codes are used
and the PN codes are distinguished with 32 different PN
ollsets, it 1s possible to simultaneously distinguish 512 cells.
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In the case where the system has a transfer rate of 3.84 Mcps
and the frame length 1s 10 ms, 11 32 PN olffsets are given for
one PN code, a unit of the PN offset 1s 1200 chips.

FIGS. 11A and 11B show channel transmitters of the base
station for transmitting the primary and secondary sync codes
according to different embodiments of the present invention.
More specifically, FIG. 11A shows a channel transmitter for
transmitting the sync codes using one antenna, and FIG. 11B
shows a channel transmitter for transmitting the sync codes
using two antennas 1n an antenna diversity method. A descrip-
tion will be made of a method for transmitting the sync codes
using antenna diversity, with reference to FIG. 11B.

Referring to FIG. 11B, a senial-to-parallel (S/P) converter
1111a parallel-converts a recetved common pilot channel
signal to be transmitted through a first antenna Ant1 into I and
(Q channel data. Multipliers 1112a and 1113a spread the sepa-
rated I channel and Q channel common pilot data with a
channel spreading code C_,, respectively. The channel
spreading codes used in FIGS. 11A and 11B can be expressed
in complex number. A phase shifter 1114a shifts a phase of the
spread (Q channel data by 90°. An adder 1113a adds outputs of
the multiplier 1112a and the phase shufter 1114a to generate a
complex spread signal 1+1Q).

Similarly, a serial-to-parallel (5/P) converter 1111b paral-
lel-converts a received common pilot channel signal to be
transmitted through a second antenna Ant2 into I and Q chan-
nel data Multipliers 1112b and 1113b spread the separated I
and Q channel common pilot data with a channel spreading
code C_,, respectively. A phase shifter 1114b shifts a phase of
the spread QQ channel data by 90°. An adder 1115b adds
outputs of the multiplier 1112b and the phase shifter 1114b to
generate a complex spread signal 1+Q.

A senal-to-parallel converter 1121a parallel-converts a
received primary sync channel (P-SCH) signal to be trans-
mitted through the first antenna Antl into I and QQ channel data
Multipliers 1122a and 1123a spread the primary sync channel
data separated into the I and QQ channels with a channel
spreading code C, respectively. A phase shifter 1124a shifts
a phase of the spread QQ channel data by 90°. An adder 1125a
adds outputs of the multiplier 1122a and the phase shifter
1124a to generate a complex spread signal I+7Q. This signal
1s transmitted to the first antenna Antl.

Similarly, a serial-to-parallel converter 1121b parallel con-
verts a recerved primary sync channel (P-SCH) signal to be
transmitted through the second antenna Ant2 mnto I and Q
channel data. Multipliers 1122b and 1123b spread the pri-
mary sync channel data separated into the I and QQ channels

with a channel spreading code C,, respectively. A phase
shifter 1124b shifts a phase of the spread Q channel data by

90°. An adder 1125b adds outputs of the multiplier 1122b and
the phase shifter 1124b to generate a complex spread signal
[+1Q. This signal 1s transmitted to the second antenna Ant2.

A senal-to-parallel converter 1131a parallel-converts a
received secondary sync channel (S-SCH) signal to be trans-
mitted through the first antenna Antl into I and Q channel data
Multipliers 1132a and 1133a spread the secondary sync chan-
nel data separated into the I and Q channels with a channel
spreading code C. ,, respectively. A phase shifter 1134a
shifts a phase of the spread Q channel data by 90°. An adder
1135a adds outputs of the multiplier 1132a and the phase
shifter 1134a to generate a complex spread signal 1+1Q. This
signal 1s transmitted to the first antenna Antl.

Similarly, a sernial-to-parallel converter 1131b parallel-
converts areceived secondary sync channel (S-SCH) signal to
be transmitted through the second antenna Ant2 into I and Q
channel data Multipliers 1132b and 1133b spread the second-

ary sync channel data separated into the I and QQ channels with
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a channel spreading code C__,, respectively. A phase shifter
1134b shifts a phase of the spread Q channel data by 90°. An

adder 1135b adds outputs of the multiplier 1132b and the
phase shifter 1134b to generate a complex spread signal I=Q).
This signal 1s transmitted to the second antenna Ant2.

The channel transmitter can further include common chan-
nels or dedicated channels 1 addition to the common pilot
channel and the primary and secondary sync channels. For
such forward channel transmitters, there can be provided the
transmitters for forward common channels and forward dedi-
cated channels.

A gain controller 1100 determines whether to gate the
channel and controls transmission power of the signals to be
transmitted through the first and second antennas Antl and
Ant2. Adders 1160a adds the gain controlled channel signals
output from gain controllers 1116a, 1126a and 1136a, respec-
tively. An adder 1160b adds the gain controlled channel sig-
nals output from gain controllers 1116b, 1126b and 1136b,
respectively. Baseband filter 1161a and 1163a filter baseband
signals out of the signals output from adder 1160a, and base-
band filters 1161b and 1163b filter baseband signals out of the
signals output from adder 1160b. Multipliers 1162a and
1164a multiply outputs of the associated baseband filters
1161a and 1163a by the corresponding carriers. Multipliers
1162b and 1164b multiply outputs of the associated baseband
filters 1161b and 1163b by the corresponding carriers. The
outputs of the multipliers 1162a and 1164a are added by an
adder 1165a and transmitted to the first antenna Antl. The
outputs of the multipliers 1162b and 1164b are added by an
adder 1165b and transmitted to the second antenna Ant2.

The channel transmuitter, shown in FIG. 11A, for transmait-
ting the sync channel signals through a single antenna has the
same operation as either half of the channel transmitter shown
in FIG. 11B.

FIG. 12 shows a receiver for the sync channel structure
according to the first and second embodiments shown 1n
FIGS. 4 and 5.

With reference to FIG. 12, operation of the recerver for the
mobile station will be described. A matching filter 1211
attempts to acquire the sync channels by match filtering the
received sync channel signals. Upon receipt of the output of
the matching filter 1211, a primary sync channel acquisition
decider 1213 determines whether the primary sync channel 1s
acquired or not. Operation of the primary sync channel acqui-
sition decider 1213 1s shown 1n FIG. 13.

Referring to FI1G. 13, the primary sync channel acquisition
decider 1213 receives the output of the matching filter 1211
and calculates I°+Q" to calculate energy, in step 1311. There-
after, in step 1313, the primary sync channel acquisition
decider 1213 compares the calculated energy with a threshold
value to determine whether synchronization i1s acquired or
not. If the calculated energy value 1s smaller than or equal to
the threshold value TH1, a first search step 1s continuously
performed on the next PN offset. Otherwise, if the energy
value 1s larger than the threshold value TH1 1 step 1313, 1t 1s
determined 1n step 1315 whether a peak signal 1s acquired or
not. To this end, 1t 1s first determined whether the energy value
has ever previously exceeded the threshold value. If the
energy value has never before exceeded the threshold value, a
second search step 1s started for the PN offset. Otherwise, 11
the energy value has exceeded the threshold value before, the
primary sync channel acquisition decider 1213 compares the
previous maximum value with the presently detected energy
in step 1317. It the presently detected energy value 1s higher
than the previous maximum value 1n step 1317, the current
second search step 1s ended and the second search step 1s
performed on the new PN offset in step 1319. Otherwise,
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when the previous maximum value 1s higher than the pres-
ently detected energy value 1n step 1317, the existing second
search step 1s continuously performed continuously.

In the embodiments of FIGS. 4 and 5, frame synchroniza-
tion 1s acquired after completion of the first search step, so
that only mformation about the group to which the base
station belongs should be determined 1n the second search
step.

Upon receipt of the decision results and the frame sync

information from the primary sync code acquisition decider
1213, a controller 1200 enables a despreader bank 1215 to
perform the second search step based on the acquisition infor-
mation of the primary sync channel. Here, 11 an orthogonal
code 1s used for the secondary sync channel code, the
despreader bank 12135 used for the second search step can be
implemented by fast Hadamard transform (FHT). A code
group decider 1217 receiving the output of the despreader
bank 1215, determines a code group to which the base station
belongs 1n the second search step. When transmitting the sync
channels signal having the structure of FIG. 4, the recetver
despreads the secondary sync code after a lapse of a specified
time (L, chips) from an acquisition point of the primary sync
code. The recerver includes the despreader bank 1215, which
has as many despreaders as the possible code groups. The
code group decider 1217 receives the output of the despreader
bank 1215 and then determines a code group indicated by a
spreading code having the highest detected energy as a code
group of the corresponding base station. In addition, when
transmitting the sync channels signal having the structure of
FIG. 6, the despreader banks 1215 performs despreading on
the spreading code available in the corresponding time slot at
every time slot beginning at the acquisition starting point of
the primary sync channel, and the code group decider 1217
determines the code group indicated by the spreading code
having the highest value as the code group of the correspond-
ing base station. Although 1t 1s possible to determine the code
group by recerving one secondary sync code 1n the second
search step, when the recerving reliability for the secondary
sync code 1s not high enough, the secondary sync code can be
repeated until the reliability increases to some extent.

When the information about the code group to which the
base station belongs 1s acquired through the second search
step, the controller 1200 enables the despreader bank 1219.
The despreader bank 1219 despreads the possible spreading
sequences 1n the code group determined and provides the
results to a spreading sequence decider 1221, 1n the second
search step. The spreading sequence decider 1221 then deter-
mines which spreading sequence 1s used for the spreading
sequence and also, determines whether sync acquisition 1s
performed successiully. The results are provided to the con-
troller 1200 to finally notity whether sync acquisition 1s per-
formed successiully.

FIG. 14 shows a recetver for the sync channel structure
shown in FIGS. 7A and 7B according to an embodiment of the
present invention. The same recetver can be applied even to
the case where the base station transmits a signal using two or
more antennas as shown 1n FIGS. 8A and 8B.

With reference to FIG. 14, operation of the receiver for the
mobile station will be described. A matching filter 1411
match-filters an mmput signal to attempt acquisition for the
primary sync code and provides the results to a primary sync
code acquisition decider 1413. The primary sync code acqui-
sition decider 1413 then determines whether the primary sync
code 1s acquired or not. Operation of the primary sync code
acquisition decider 1413 1s performed according to the pro-

cedure shown in FI1G. 13.

10

15

20

25

30

35

40

45

50

55

60

65

18

When the primary sync code acquisition decider 1413 pro-
vides the controller 1400 with the primary sync code acqui-
sition decision results by performing the procedure of FIG.
13, the controller 1400 enables a despreader bank 1415 to
perform the second search step based on the decision results.
At this point, 11 orthogonal spreading codes are used for the
secondary sync code, the despreader bank 1415 used 1n the
second search step can be implemented by fast Hadamard
transform (FHT). In the second search step, the receiver
acquires the code group to which the base station belongs, and
frame synchronization. For the sync channel structure shown
in FIG. 7A, the despreader bank 1415 performs despreading
on the secondary sync code after a lapse of a specified time L,
from an acquisition point of the primary sync code. Here, for
the despreader bank 1415, there are provided as many
despreaders as (possible code group number)*(NUM_PRI).
A frame offset and code group decider 1417 determines, as
code group and frame sync information of the corresponding
base station, the code group indicated by the spreading code
having the highest detected energy out of the outputs of the
despreader bank 1413 and frame boundary information.

In addition, for the sync channel structure shown 1n FIG.
7B, the despreader bank 1415 performs despreading on the
possible spreading codes 1n the corresponding time slot every
time slot beginning at an acquisition starting point of the
primary sync code, and the frame ofiset and code group
decider 1417 determines, as code group and frame sync infor-
mation of the corresponding base station, a code group 1ndi-
cated by a spreading code having the highest value out of the
despread values and the frame boundary information.
Although 1t 1s possible to determine the code group by receiv-
ing one secondary sync code 1n the second search step, when
the recerving reliability of the secondary sync code 1s not high
enough, the secondary sync code can be repeatedly transmiut-
ted 1n order to 1ncrease the reliability to some extent.

FIG. 15 shows the despreader bank 14135 and the frame
olfset and code group decider 1417 for performing the second
search step, and FIG. 16 shows operation of the frame offset
and code group decider 1417.

With reference to FIGS. 15 and 16, operation of the frame
offset and code group decider 1417 will be described. The
despreader bank 1415 includes a despreader bank (or FHT)
1511 and a time controller 1513 for controlling the
despreader bank 1511. The frame oflset and code group
decider 1417 includes a reliability calculator 1521 and a
decider 1523. When the despreader bank 1511 1s enabled by
the time controller 1513, a spreading code used for the sec-
ondary sync code 1s despread by the despreader bank 1511
and the reliability 1s calculated for every hypothesis of code
group and frame synchronization. When the primary sync
code 1s transmitted only once as shown 1n FIGS. 4 and 5, the
reliability 1s calculated every code group hypothesis. One of
the easy methods for calculating the reliability 1s to use an
energy value (I°+Q?) of the despread results. The reliability
for each hypothesis 1s provided to a decider 1523, which
decides the reliability.

FIG. 16 shows operation of the decider 1523. Referring to
FIG. 16, the decider 1523 orderly arranges the reliabilities for
every hypotheses 1n step 1611 to determine a hypothesis
having the highest reliability and a hypothesis having the
second highest reliability. Thereafter, in step 1613, the
decider 1523 calculates a metric difference between the
hypothesis having the highest reliability and the hypothesis
having the second highest reliability, to determine whether
synchronization of the second search step 1s performed or not.
When the difference between the two values 1s lower than or
equal to a threshold value, the decider 1523 continuously
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receives the next secondary sync code, considering that the
reliability of the second search step 1s not high enough. Oth-
erwise, when the metric difference 1s higher than the thresh-
old value 1n step 1613, the decider 1523 makes a decision on
the code group and frame synchronization, because the reli-
ability of the second search step 1s high enough. Upon receipt
of the code group decision results, the controller 1400 per-
forms a third search step to finally detect the spreading code
used by the base station.

After acquiring the code group, to which the base station
belongs, and frame synchronization by performing the sec-
ond search step, the controller 1400 enables a despreader
bank 1419. The despreader bank 1419 then performs
despreading on the possible spreading sequences in the code
group decided 1n the second search step, and the results are
provided to a spreading sequence decider 1421. The spread-
ing sequence decider 1421 then determines which spreading
sequence out of the outputs of the despreader bank 1419 1s
used for the spreading code and also determines whether sync
acquisition 1s performed successiully. The results are pro-
vided to the controller 1400 to finally notily whether sync
acquisition 1s performed successiully.

In addition, the present ivention provides a method for
acquiring {frame synchronization by transmitting one sync
channel. The invention 1s more effective especially when the
base stations operate 1n sync with a global positioning system
(GPS). However, 1n the CDMA system, the base stations can
operate 1n either 1n a synchronous mode or an asynchronous
mode. The present invention provides a method for distin-
guishing a base station system operating in sync with the GPS
from a base station system operating out of sync with the
GPS. That 1s, the mvention distinguishes the synchronous
system from the asynchronous system by using different sync
sequences for the sync channels in the synchronous mode and
the asynchronous mode. The reason for using the different
sync sequences in the synchronous mode and the asynchro-
nous mode 1s to enable the mobile station to rapidly determine
to which system (synchronous system or asynchronous sys-
tem ) the mobile station 1tself belongs and to use different sync
channels 1n the synchronous mode and the asynchronous
mode.

FIG. 17A shows a method for generating a sync sequence
used for a primary sync channel 1 an asynchronous
W-CDMA system. The sync sequence 1s generated by XOR -
ing a hierarchical sequence H and a Walsh function W_on a
chip unit basis.

FIG. 17B shows a scheme for generating a sync sequence
for the sync channel proposed in this embodiment of the
present invention, wherein the syn sequence of the sync chan-
nel for the synchronous system 1s designed to be orthogonal
with a sync sequence of the sync channel for the asynchro-
nous system. This 1s to minimize a correlation value between
the sync sequences used 1n the different systems. The sync
sequence for the sync channel 1n the embodiment shown 1n
FIG. 17B 1s generated by XORing the hierarchical sequence
H used 1n the asynchronous mode and the Walsh function W,
on a chip unit basis. The Walsh function W, 1s selected from
the Walsh functions which are not used in the asynchronous
mode.

When the base station system operates 1n the synchronous
mode, the base stations can be identified using different
spreading codes or the PN offsets of the spreading code. The
number of the PN spreading codes used for the forward link
can be 1 or more. When the number of the PN code 1s one and
the number of the PN offsets given for the PN code 1s
NUM_OFFSET1, 1t 1s possible to distinguish NUM_OFF-
SET1 different cells. When one PN code 1s used, to have the
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number of distinguishable cells become equal as compared
with a case where NUM_PN PN codes are used, 1t 1s neces-
sary to icrease the period of the one PN spreading code used
as compared with a case where several PN codes are used.

Therefore, when one PN code 1s used, 1t 1s necessary to use
a PN code of a longer period or a PN offset of a shorter length
as compared with the case where NUM_PN PN codes are
used. The present invention will be described with reference
to an embodiment wherein 16 different spreading codes are
used 1n the synchronous mode and 32 different PN offsets are
applied to each spreading code so as to make it possible to
distinguish 512 base stations. The reason for combining sev-
eral spreading codes and PN offsets unlike the IS-95 system 1s
to apply the mvention not only to a case where the base
stations are exactly time synchronized to each other using the
GPS, but also to a case where the base stations are roughly
time synchromized using the system network. That 1s, when
the base stations acquire time synchronization using the net-
work, 1t 1s difficult to acquire an exact time synchronization as
in the case where the GPS 1s used. However, 1in the IS-95
system, since a unit PN offset 1s about 50 usec, 1t 1s difficult to
acquire such synchronization using network synchronization.
Theretfore, 1n order to increase an interval between the offsets,
it 1s necessary either to increase the length of the spreading
code or to use an 1increased number of spreading codes.

When a cell operating 1n the synchronous mode 1s adjacent
to a cell operating 1n the asynchronous mode and the two cells
use the same PN code, there may not be guaranteed a PN
olfset required for distinguishing a PN code for the cell oper-
ating 1n the synchronous mode from a PN code for the cell
operating in the asynchronous mode. Therefore, the PN codes
used 1n the synchronous mode should be different from the
PN codes used in the asynchronous mode. A PN spreading
code used 1n the synchronous mode base station should be
different from a PN spreading code used 1n the asynchronous
mode base station. To this end, an embodiment of the present
invention uses new PN spreading codes which are different in
number from the 512 PN spreading codes used 1n the asyn-
chronous mode. In this embodiment of the present invention,
16 new PN spreading codes are assigned for the synchronous
mode base stations.

FIG. 18 shows operation of a mobile station 1n the case
where a base station may operate 1n either the synchronous
mode or asynchronous mode. In the embodiment of FIG. 18,
the mobile station should first determine 1n which mode the
base station, to which 1t belongs, operates. First, in step 1813,
the mobile station determines whether acquisition 1s per-
formed for the synchronous mode or asynchronous mode1n a
system selection step. When 1t 1s determined that the mobile
station acquires the asynchronous mode, the mobile station
performs the conventional three-step 1nitial cell search pro-
cess. In this process, the mobile station searches for slot
synchronization in a first step (1815); performs code group
selection and frame synchronization 1n a second step (1817);
and selects a base station code from the code group 1n a third
step (1819). On the contrary, when acquisition for the syn-
chronous mode 1s selected, the mobile station searches frame
synchronization in a first step (1814), and determines a base
station code 1n a second step (1818).

The network transmits neighbor cell list information to the
mobile station through a broadcasting channel (BCH) or a
forward common channel during handoil, idle mode search
or active mode search. FIGS. 19A to 19C show a 10-bit data
field for expressing the neighbor cell list. When the base
station operates 1n the synchronous mode or asynchronous
mode, information represented by each bit of the data field
can be defined ditfferently.
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FIG. 19A shows a data field format of the neighbor cell list
for a system operating in the asynchronous mode. Since the
system operating 1n the asynchronous mode uses 512 differ-
ent base station codes, the neighbor cell list field can be
defined as follows. A 1st bit indicates whether the system
operates in the synchronous mode or asynchronous mode.

2nd to 6th bits indicate which code group 1s used out of the 32
code groups. 7th to 10th bits indicate which code 1s used out
of the 16 base station codes 1n each code group.

FI1G. 19B shows a data field format of the neighbor cell list
for the synchronous mode where the cells are identified using
one spreading code and several PN offsets. A 1st bit indicates
whether the system operates 1n the synchronous mode or
asynchronous mode. 2nd to 10th bits indicate which PN offset

1s used out of 512 PN ofifsets of the single spreading code.
FIG. 19C shows a data field format of the neighbor cell list

tor the synchronous mode where the cells are identified using
several spreading codes and PN offsets. A 1st bit indicates
whether the system operates 1n the synchronous mode or
asynchronous mode. 2nd to 6th bits indicate which PN offset
1s used out of 32 PN ofisets for each spreading code. 7th to
10th bits 1ndicate which code 1s used out of 16 base station
codes belonging to the synchronous mode. If the number of
the used base station codes and the number of the PN oflsets
for each code are changed, the length of the corresponding
fields may be changed.

In the synchronous mode or operation, whether to operate
as shown i FIG. 19B or 19C 1s previously determined
between the base station and the mobile station.

As described above, the novel CDMA communication sys-
tem can effectively perform transmission of the sync channels
and sync acquisition within one period of the spreading code.
Further, the asynchronous W-CDMA communication system
can perform communication 1n a synchronous mode using a
single sync channel. Therefore, the novel synchromization
method can minimize interference on a forward link by reduc-
ing the frequency of sync channel transmissions, thereby
increasing the system capacity.

While the mnvention has been shown and described with
reference to certain preferred embodiments thereof, 1t will be
understood by those skilled 1n 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.

What 1s claimed 1s:

[1. A synchronization (sync) code transmission device for
a base station 1n a CDMA (Code Division Multiple Access)
communication system, comprising:

a primary sync code transmitter for generating a primary
sync code, said primary sync code indicating a starting
point of one frame, said frame being equal to one period
of a spreading code, and for transmitting the primary
sync code at a first location 1n the frame; and

a secondary sync code transmitter for generating a second-
ary sync code assigned to a group of base stations includ-
ing the base station, and for transmitting the secondary
sync code at a second location in the frame.]

[2. The sync code transmission device as claimed in claim

1, wherein the primary sync code 1s a common code used by
every base station and the secondary sync code 1s a code for
identifying the group of the base stations.]

[3. The sync code transmission device as claimed in claim

2, further comprising a forward common channel signal
transmitter for transmitting a spreading code which 1s specific
to a base station and is used for indicating a base station.]
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[4. The sync code transmission device as claimed in claim
3, wherein the forward common channel signal transmitter 1s
a pilot channel signal transmitter. ]

[5. The sync code transmission device as claimed in claim
3, wherein the forward common channel signal transmuitter 1s
a broadcasting channel signal transmitter.}

[6. The sync code transmission device as claimed in claim
2, wherein the primary sync code and the secondary sync
code are transmitted at least once within one period of the
spreading code.}

[7. The sync code transmission device as claimed in claim
1, wherein the first location is a starting point of one frame.}

[8. The sync code transmission device as claimed in claim
1, wherein the first location is an ending point of one frame.]

[9. The sync code transmission device as claimed in claim
1, wherein the first location 1s a location separated from a
starting point of one frame by a predetermined chip length.}

[10. The sync code transmission device as claimed in claim
1, wherein a time 1nterval between the first location and the
second location 1s such that a demodulator 1n a mobile station
can perform coherent demodulation.]

[11. The sync code transmission device as claimed in claim
1, wherein the secondary sync code 1s information for 1ndi-
cating a code group to which the base station belongs.}

[12. A synchronization (sync) code transmission device for
a base station 1n a CDMA (Code Division Multiple Access)
communication system, comprising:

a primary sync code transmitter for generating a primary
sync code, said primary sync code for indicating a start-
ing point of a frame, said frame being equal to one period
of a spreading code, and for transmitting at least one said
primary sync code at a specific location in the frame; and

a secondary sync code transmitter for generating a second-
ary sync code assigned to a group to which the base
station belongs, and for transmitting the secondary sync
code at a time slot alter transmission of the primary sync
code, said time slot being assigned to at least one base
station group, said frame having at least two time slots.]

[13. The sync channel signal transmission device as
claimed in claim 12, wherein each of the at least two time slots
in said frame are assigned to a plurality of base station group
and the secondary sync codes are codes for indicating a base
station group out of the plurality of base station groups
assigned to a specific time slot.]

[14. The sync code transmission device as claimed in claim
13, wherein secondary sync codes assigned to a time slot are
orthogonal to each other.]

[15. The sync code transmission device as claimed in claim
13, wherein a guard interval between time slots has a specific
chip size.]

[16. A synchronization (sync) code transmission device for
a base station 1n a CDMA (Code Division Multiple Access)
communication system, comprising:

a primary sync code transmitter for generating a primary

sync code, said primary sync code for indicating a start-
ing point of a frame, said frame having one period of a
spreading code, and for transmitting the primary sync
code at a first and third locations 1n the frame;

a secondary sync code transmitter for generating a second-
ary sync code, said secondary sync code assigned to a
group of base stations, said group including the base
station, and for transmitting the secondary sync code at
a second and fourth locations in the frame; and

an antenna diversity system having at least two antennas
comprising:

a first antenna for transmitting the primary and second-
ary sync codes at the first and third locations; and
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a second antenna transmitting the primary and second-
ary sync codes at the second and fourth location. ]

[17. The sync code transmission device as claimed in claim
16, wherein the primary sync code 1s a common code used by
every base station, and the secondary sync code 1s a code for
identifying a group of base stations.}

[18. The sync code transmission device as claimed in claim
16, wherein the first location and the third location are located
a Y4 frame period apart.}

[19. The sync code transmission device as claimed in claim
16, wherein the first location is a starting point of the frame.]

[20. A synchronization (sync) code transmission method
for a base station 1 a CDMA (Code Division Multiple
Access) communication system, comprising the steps of:

generating a primary sync code, said primary sync code for

indicating a starting point of a frame, said frame having
one period of a spreading code;

transmitting the primary sync code at a first location 1n the

frame;

generating a secondary sync code, said secondary code

assigned to a group of base stations 1including the base
station; and

transmitting the secondary sync code at a second location

in the frame.]
[21. A synchronization (sync) code transmission method
for a base station 1 a CDMA (Code Division Multiple
Access) communication system wherein a frame has at least
two time slots and each time slot 1s assigned to a plurality of
base stations, the method comprising the steps of:
generating a primary sync code, said primary sync code for
indicating synchronization at a starting point of a frame,
said frame having one period of a spreading code;

transmitting at least one said primary sync code at a spe-
cific location i1n the frame;

generating a secondary sync code, said secondary sync

code assigned to a group to which the base station
belongs; and

transmitting the secondary sync code at a time slot

assigned to the corresponding base station group after
transmission of the primary sync code.}

[22. A synchronization (sync) code transmission method
for a base station 1 a CDMA (Code Division Multiple
Access) communication system supporting a transmit diver-
sty function, said communication system having at least two
antennas, a sync code generator for generating a primary sync
code, said primary sync code for indicating synchronization
at a starting point of a frame, said frame having one period of
a spreading code, said sync code generator also for generating
a secondary sync code, said secondary sync code assigned to
a group of base stations including the base station, the method
comprising the steps of:

transmitting the primary sync code at a first location of the

frame through a first antenna;

transmitting the secondary sync code at a second location

of the frame through a first antenna;

transmitting the primary sync code at a third location of the

frame through a second antenna; and

transmitting the secondary sync code at a fourth location of

the frame through a second antenna.]

[23. A synchronization (sync) code receiving device for a
mobile station 1n a CDMA (Code Division Multiple Access)
communication system, comprising:

a primary sync code acquisition decider for acquiring a

primary sync code recerved at a first location 1n a frame,
and for acquiring synchronization at a starting point of a
frame, said frame equal to one period of a spreading
code; and
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a base station group decider for, once enabled upon acqui-
sition of the primary sync code, recerving a secondary
sync code transmitted at a second location 1n the frame,
and for deciding a base station group to which the trans-
mitting base station belongs.}

[24. A synchronization (sync) code receiving device for a
mobile station 1n a CDMA (Code Division Multiple Access)
communication system wherein a frame has at least two time
slots, and each of said at least two time slots 1s assigned to a
plurality of base station groups, the device comprising:

a primary sync code acquisition decider for acquiring a

primary sync code recerved at a first location 1n a frame,
and for acquiring synchronization at a starting pointof a
frame, said frame being equal to one period of a spread-
ing code; and

a base station group decider for, once enabled upon acqui-
sition of the primary sync code, performing despreading,
with secondary sync codes, said secondary sync codes
being of the assigned base station groups at each time
slot, and for deciding which base station group corre-
sponds to a secondary sync code having a highest value
out of the despread signals.]

[25. A synchronization (sync) code receiving device for a
mobile station 1n a CDMA (Code Division Multiple Access)
communication system, said system having at least one base
station, at least one base station having at least two antennas
to support a transmit diversity function, the device compris-
ng:

a primary sync code acquisition decider for acquiring a

primary sync code recerved at first and third locations in
a frame, and for acquiring synchronization at a starting
point of a frame, said frame being equal to one period of
a spreading code; and

a base station group decider for, once being enabled upon
acquisition of the primary sync code, performing
despreading with secondary sync codes at second and
fourth locations in the frame, each of said secondary
sync codes corresponding to a base station group, and
for deciding which base station group corresponds to a
secondary sync code having a highest value out of the
despread signals.}

[26. A synchronization (sync) code receiving method for a
mobile station 1n a CDMA (Code Division Multiple Access)
communication system, comprising the steps of:

recerving a primary sync code transmitted at a first location
1n a frame;

acquiring synchronization at a starting point of a frame,
said frame being equal to one period of a spreading code;

receving a secondary sync code transmitted at a second
location 1n the frame; and

deciding a base station group to which a transmitting base
station belongs. ]

[27. A synchronization (sync) code receiving method for a
mobile station in a CDMA (Code Division Multiple Access)
communication system, said system using transmission
frames, a frame having at least two time slots, and each time
slot being assigned to a plurality of base station groups, the
method comprising the steps of:

receving a primary sync code at a first location 1n a frame;

acquiring synchronization at a starting point of a frame,
said frame having one period of a spreading code;

performing despreading with secondary sync codes, each
of said secondary sync codes being assigned to a base
station group and a time slot; and

deciding a base station group corresponding to a secondary
sync code having a highest value out of the despread

signals.]
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[28. A synchronization (sync) code communication device
in a CDMA (Code Division Multiple Access) communication
system, comprising:

a base station comprising:

a primary sync code transmitter for generating a primary
sync code, said primary sync code for acquiring syn-
chronization at a starting point of a frame, said frame
being equal to one period of a spreading code, and for
transmitting the primary sync code at a first location
1n the frame;

a secondary sync code transmitter for generating a sec-
ondary sync code, said secondary sync code being
assigned to a group of base stations including the base
station, and for transmitting the secondary sync code
at a second location 1n the frame;

a mobile station comprising:

a primary sync code acquisition decider for acquiring a
primary sync code recerved at a first location 1n a frame,
and for acquiring synchronization at a starting point of a
frame, said frame being equal to one period of a spread-
ing code; and
a base station group decider for, once being enabled

upon acquisition of the primary sync code, receiving
a secondary sync code transmitted at a second loca-
tion in the frame, and for deciding a base station group
to which the corresponding base station belongs.]

[29. A synchronization (sync) code communication device
in a CDMA (Code Division Multiple Access) communication
system, comprising:

a base station comprising;:

a primary sync code transmitter for generating a primary
sync code, said primary sync code for acquiring syn-
chronization at a starting point of a frame, said frame
being equal to one period of a spreading code, and for
transmitting said primary sync code at least one spe-
cific location 1n the frame;

a secondary sync code transmitter for generating a sec-
ondary sync code, said secondary sync code being
assigned to a base station group to which the base
station belongs, and for transmitting the secondary
sync code at a time slot after transmission of the
primary sync code, said time slot assigned to the base
station group, said frame having at least two time
slots;

a mobile station including;

a primary sync code acquisition decider for acquiring a
primary sync code received at a first location 1n a
frame, and for acquiring synchronization at a starting
point of a frame, said frame being equal to one period
of a spreading code; and

a base station group decider for, once being enabled
upon acquisition of the primary sync code, perform-
ing despreading with secondary sync codes of
assigned base station groups at each time slot, and for
deciding a base station group corresponding to a sec-
ondary sync code having a highest value out of the
despread signals.]

30. A synchronization (sync) signal transmission method in
a communication system, the method comprising:

transmitting, by a primary sync signal transmitter, a pri-
mary sync signal at every transmission interval; and

transmitting, by a secondary sync signal transmitter, a
secondary sync signal at every transmission interval,

wherein the transmission interval (P) is at P=1 and at
P=172+1, where T is a total number of slots in a frame
and 1>2,

26

the primary svnc signal transmitted at P=1 is in a first
location of the frame, and the primary sync signal trans-
mitted at P=172+1 is in a second location of the frame,
and
d the second sync signal transmitted at P=1 is in a third
location of the frame, and the second sync signal trans-
mitted at P=172+1 is in a fourth location of the frame,
the thivd and fourth locations being different from the
first and second locations in the frame, and

9 Wherein the first location at P=1 is offset by a predeter-
mined time from a starting point of the frame, and the
second location at P=1/2+1 is offset by the predeter-
mined time from a half point of a total length of the

5 frame.

31. The sync signal transmission method as claimed in
claim 30, wherein the third location at P=1 is offset by a
predetermined time from the starting point of the frame, and
the fourth location at P=1/2+1 is offset by a predetermined
time from the half point of the total frame length.

32. The sync signal transmission method as claimed in
claim 30, whervein the primary and secondary sync signals
comprise one symbol in time domain.

33. The sync signal transmission method as claimed in
claim 30, wherein the secondary sync signals ave generated
according to transmission duration information.

34. The sync signal transmission method as claimed in
claim 30, wherein the primary and secondary sync signals are
transmitted on consecutive symbols in time domain.

35. The sync signal transmission method as claimed in
claim 30, wherein the secondary sync signals at the third and
Jourth locations uniquely specify a cell group or frame sync.

36. A synchronization (sync) signal veceiving method in a
communication system, the method comprising:

receiving, by a primary sync signal receiver, a primary

sync signal at every transmission interval; and
receiving, by a secondary sync signal receiver, a secondary
sync signal at every transmission interval,

wherein the transmission interval (P) is at P=1 and at

P=172+1, where T is a total number of slots in a frame
and 1>2,

the primary svnc signal transmitted at P=1 is in a first

location of the frame, and the primary sync signal trans-
mitted at P=172+1 is in a second location of the frame,
and

the second sync signal transmitted at P=1 is in a third
location of the frame, and the second sync signal trans-
mitted at P=172+1 is in a fourth location of the frame,
the thivd and fourth locations being different from the
first and second locations in the frame, and

wherein the first location at P=1 is offset by a predeter-

mined time from a starting point of the frame, and the
second location at P=1/2+1 is offset by the predeter-
mined time from a half point of a total length of the
frame.

37. The sync signal receiving method as claimed in claim
36, wherein the thivd location at P=1 is offset by a predeter-
mined time from the starting point of the frame, and the fourth
location at P=172+1 is offset by a predetermined time from the
half point of the total frame length.

38. The sync signal veceiving method as claimed in claim
36, wherein the primary and secondary sync signals comprise
one symbol in time domain.

39. The sync signal veceiving method as claimed in claim
36, wherein the secondary sync signals ave genervated accovd-
ing to transmission durvation information.
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40. The sync signal receiving method as claimed in claim
36, wherein the primary and secondary sync signals are
received on consecutive symbols in time domain.

41. The sync signal receiving method as claimed in claim
36, wherein the secondary sync signals at the thivd and fourth
locations uniquely specify a cell group or frame sync.

42. A synchronization (sync) signal transmission appara-
tius in a communication system, the apparatus comprising.

a primary sync signal transmitter for transmitting a pri-

mary sync signal at every transmission interval; and
a secondary sync signal transmitter for transmitting a sec-
ondary sync signal at every transmission interval,

wherein the transmission interval (P) is at P=1 and at
P=172+1, where T is a total number of slots in a frame
and 1>2,

the primary svnc signal transmitted at P=1 is in a first

location of the frame, and the primary sync signal trans-
mitted at P=1/2+1 is in a second location of the frame,
and

the second sync signal transmitted at P=1 is in a third

location of the frame, and the second sync signal trans-
mitted at P=1/2+1 is in a fourth location of the frame,
the thivd and fourth locations being different from the
first and second locations in the frame, and

whevrein the first location at P=1 is offset by a predeter-

mined time from a starting point of the frame, and the
second location at P=1/2+1 is offset by the predeter-
mined time from a half point of a total length of the
frame.

43. The sync signal transmission apparatus as claimed in
claim 42, wherein the third location at P=1 is offset by a
predetermined time from the starting point of the frame, and
the fourth location at P=1/2+1 is offset by a predetermined
time from the half point of the total frame length.

44. The sync signal transmission apparatus as claimed in
claim 42, wherein the primary and secondary sync signals
comprise one symbol in time domain.

45. The sync signal transmission apparatus as claimed in
claim 42, wherein the secondary sync signals ave generated
according to transmission duration information.

46. The sync signal transmission apparatus as claimed in
claim 42, wherein the primary and secondary sync signals are
transmitted on consecutive symbols in time domain.

47. The sync signal transmission apparatus as claimed in
claim 42, wherein the secondary sync signals at the thivd and
Jourth locations uniquely specify a cell group or frame sync.
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48. A synchronization (sync) signal receiving apparatus in
a communication system, the apparatus comprising:

a primary sync signal receiver for receiving a primary Sync

signal at every transmission interval;

a secondary sync signal receiver for receiving a secondary

sync signal at every transmission interval; and

a controller for acquiving a frame sync and a cell identifi-

cation from the primary sync signal and the secondary
sync signal,

wherein the transmission interval (P) is at P=1 and at

P=172+1, where Tis a total number of slots in the frame
and 1>2,

the primary svnc signal transmitted at P=1 is in a first

location of a frame, and the primary sync signal trans-
mitted at P=172+1 is in a second location of the frame,
and

the second sync signal transmitted at P=1 is in a third

location of the frame, and the second sync signal trans-
mitted at P=172+1 is in a fourth location of the frame,
the thivd and fourth locations being different from the
first and second locations in the frame,

wherein the first location at P=1 is offset by a predeter-

mined time from a starting point of the frame, and the
second location at P=1/2+1 is offset by the predeter-
mined time from a half point of a total length of the
frame.

49. The sync signal receiving apparatus as claimed in
claim 48, wherein the third location at P=1 is offset by a
predetermined time from the starting point of the frame, and
the fourth location at P=1/2+1 is offset by a predetermined
time from the half point of the total frame length.

50. The sync signal receiving apparatus as claimed in
claim 48, whervein the primary and secondary sync signals
comprise one symbol in time domain.

51. The sync signal receiving apparatus as claimed in
claim 48, wherein the secondary sync signals ave generated
according to transmission duration information.

52. The sync signal receiving apparatus as claimed in
claim 48, wherein the primary and secondary sync signals are
received on consecutive symbols in time domain.

53. The sync signal receiving apparatus as claimed in
claim 48, wherein the secondary sync signals at the third and
fourth locations uniquely specify a cell group or the frame
sync.
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