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FIG. 2

Allocating transmission symbol
to frequency bandwidth after SE

multiplying transmission symbol
by CDM sequence

Transforming to transmission

. . | 2
signal of time domain o1
Converting to serial S13
transmission signal
S1] Changing CDM sequence
Adding CP to serial 314
transmission signal
Converting to analog S15
transmission signal
Converting to RF signal S16
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FIG. 5

Descrambling basic seguence
L S21
from frequency domain signal
Transforming descrambled frequency
. . L S22
domain signal to time delay domain signal
Extracting domain of user #k 893

from time delay domain signal

IDF for time delay domain signal of user #k S24
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FIG. 6
En User # 0 User # k User # (k-1)

Time de\ay
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FIG. 11

Cell #0
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FIG. 12

(Un,Tn) Uy,: basic sequence number
in: CDM sequence number
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METHOD AND APPARATUS FOR
TRANSMITTING UPLINK SIGNAL, AND
METHOD AND APPARATUS FOR
GENERATING UPLINK SIGNAL IN
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; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application is a reissue application of U.S. Pat. No.

8,902,859 issued on Dec. 2, 2014, which is issued from U.S.
patent application Ser. No. 13/751,633, filed on Jun. 28,
2013, which 1s a continuation of Ser. No. 12/439,223 filed on
Oct. 27, 2009, now U.S. Pat. No. 8,391,250, which 1s a 371
national stage filing of International Application No. PCT/
KR2007/004211, filed on Aug. 31, 2007, which claims
priority to, and the benefit of, Korean Patent Application No.
10-2006-0084087, filed on Sep. 1, 2006, Korean Patent
Application No. 10-2006-0134424, filed on Dec. 27, 2006,
Korean Patent Application No. 10-2007-0011368, filed on
Feb. 5, 2007, Korean Patent Application No. 10-2007-
0031357, filed on Mar. 30, 2007, and Korean Patent Appli-
cation No. 10-2007-0052549, filed on May 30, 2007/. The
contents of the aforementioned applications are hereby

incorporated by reference. This application 1s also related to
Korean Patent Application No. 10-2007-0088097, filed Aug.

31, 2007.

BACKGROUND

The present invention relates to a method and an appa-
ratus for transmitting an uplink signal, and a method and an
apparatus for generating an uplink signal i a communica-
tion system.

In an orthogonal {frequency division multiplexing
(OFDM) based communication method, interference does
not exist between diflerent users since the diflerent users use
different frequencies for data channel. A method for using
the different frequencies for the different users 1s referred to
as Irequency division multiplexing (FDM). However, code
division multiplexing (CDM) that i1dentifies the users by
using codes 1s appropriate for a reference Signal or a control
channel. The CDM 1s superior to the FDM since the CDM
can efliciently use resources for the reference signal or the
control channel. The CDM 1s classified into a time domain
CDM that directly spreads by OFDM symbol units and a
frequency domain CDM that spreads 1n a frequency domain
within one OFDM symbol.

In the frequency domain CDM, the different users mul-
tiply the same sequence by complex sine waves having
different phase slopes belore transmitting the same
sequence. At this time, a reason why the complex sine wave
1s used 1nstead of a Hadamard matrix 1s because orthogo-
nality between the users can be guaranteed through a signal
processing at the receiver. Since multiplying any sequence
by a complex sine wave with a phase that linearly increases
with frequency at the frequency domain 1s the same as
cyclic-shifting in the time domain, a process for multiplying
the complex sine wave 1s referred to as a cyclic-shift process
or a cyclic delay process.

[T

10

15

20

25

30

35

40

45

50

55

60

65

2

The number of users that can be simultaneously admaitted
in one OFDM symbol when the frequency domain CDM 1s
used may be given by a function of a frequency difference
between subcarriers and delay spread in the propagation
channel. At this time, granularity of the cyclic-shift of each
user 1s set to be greater than a delay spread in the propaga-
tion channel. In a cellular communication environment, the
value of the maximum delay spread 1s arbitrarily set since
the maximum delay spread 1s diflicult to be estimated.
Accordingly, a channel delay spread of any user may be
greater than the cyclic-shift 1n the cellular communication
environment and so, the interference between users may
OCCUL.

SUMMARY

The present invention provides a signal transmitting
method and apparatus for reducing interference between
users 1n a communication system.

To solve the above technical problem, according to one
aspect of the present invention, a method of transmitting an
uplink signal in a terminal 1s provided. The method includes

multiplying a first transmission symbol by a first sequence

for differentiating the terminal from another terminal, and
transmitting the first transmission symbol at a first transmis-
sion time. The method further includes multiplying a second
transmission symbol by a second sequence for diflerentiat-
ing the terminal from the other terminal, and transmitting the
first transmission symbol at a second transmission time
different from the f{first transmission time. The second
sequence 1s different from the first sequence.

According to another aspect of the present invention, a
method of generating an uplink signal 1n a terminal 1s
provided. The method includes hopping a sequence for
differentiating the terminal from the other terminal with
time, and generating the uplink signal by multiplying a
transmission symbol by the sequence of a transmission time
corresponding to the transmission symbol.

At this time, the sequence may correspond to a product of
a code for differentiating the terminal from the other termi-
nal and a basic sequence, and the code may be hopped with
time. Alternatively, the sequence may be a value generated
by cyclic-shifting the basic sequence, and the cyclic-shiit
may be hopped with time. Alternatively, the sequence may
be hopped with time based on a cell to which the terminal
belongs.

According to still another aspect of the present invention,
a method of generating sequences for uplink signals of a
plurality of terminals including a first terminal and a second
terminal 1 a communication system i1s provided. The
method mncludes setting a first sequence for the first terminal,
setting a second sequence for the second terminal to be
different from the first sequence, and setting hopping pat-
terns of the first sequence and the second sequence accord-
ing to a transmission time.

At this time, the hopping patterns may be set such that the
first sequence of a first transmission time 1s different from
the first sequence of a second transmission time, and the
second sequence of the first transmission time 1s different
from the second sequence of the second transmission time.
Alternatively, the hopping patterns may be such that, when
the first sequence 1s adjacent to the second sequence at a first
transmission time, the first sequence 1s not adjacent to the
second sequence at a second transmission time.

In addition, the first sequence may correspond to a prod-

uct of a basic sequence and a code for the first terminal, and
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the second sequence may correspond to a product of the
basic sequence and a code for the second terminal.

At this time, the first sequence may be given, by the code
for the first terminal, as a sequence generated by shifting the
basic sequence by a first cyclic-shift, and the second
sequence may be given, by the code for the second terminal,
as a sequence generated by shifting the basic sequence by a
second cyclic-shift. In addition, the hopping patterns may be
patterns for hopping the first and second cyclic-shifts with
time. Furthermore, a pattern for changing the basic sequence
with time may be set.

Alternatively, the hopping patterns of the first sequence
and the second sequence according to the transmission time
may be set based on a cell to which the first terminal belongs
and a cell to which the second terminal belongs, respec-
tively.

According to a further aspect of the present invention, an
apparatus for transmitting an uplink signal 1n a terminal 1s
provided. The apparatus includes means for multiplying a
first transmission symbol by a first sequence for different-
ating the terminal from another terminal, and for transmuit-
ting the first transmission symbol at a first transmission time;
and means for multiplying a second transmission symbol by
a second sequence for differentiating the terminal from the
other terminal, and for transmitting the first transmission
symbol at a second transmission time different from the first
transmission time. The second sequence 1s different from the
first sequence.

According to a still further aspect of the present invention,
an apparatus for generating an uplink signal in a terminal 1s
provided. The apparatus includes means for hopping a
sequence for differentiating the terminal from another ter-
minal with time, and means for generating the uplink signal
by multiplying a transmission symbol by the sequence of the
transmission time corresponding to the transmission symbol.

According to a still further aspect of the present invention,
an apparatus for generating sequences for uplink signals of
a plurality of terminals including a first terminal and a
second terminal in a communication system 1s provided. The
apparatus includes means for setting a first sequence for the
first terminal, means for setting a second sequence for the
second terminal to be different from the first sequence, and
means for setting hopping patterns of the first sequence and
the second sequence according to a transmission time.

According to exemplary embodiments of the present
invention, the interference between the uses and/or the
interference between the cells can be randomized when the
frequency domain CDM method 1s used.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a schematic block diagram of an uplink
signal transmitting apparatus according to a first exemplary
embodiment of the present invention.

FIG. 2 shows a flow diagram of an uplink signal trans-
mitting method according to the first exemplary embodiment
ol the present invention.

FIG. 3 shows a schematic block diagram of a receiving
apparatus 1n a base station according to the first exemplary
embodiment of the present invention.

FIG. 4 shows a schematic block diagram of a CDM
demapper 1n the receiving apparatus of FIG. 3.

FIG. 5 shows a flow diagram of a method for extracting
a desired user signal.

FIG. 6 shows a signal extracted by the CDM demapper of
FIG. 4.
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FIG. 7 shows a time delay domain signal according to the
passing of time when a general CDM sequence 1s used.

FIG. 8 shows a time delay domain signal according to the
passing ol time when a CDM sequence 1s hopped 1n accor-
dance with the first exemplary embodiment of the present
invention.

FIG. 9 shows a transmission structure of a sounding
reference signal according to a second exemplary embodi-
ment of the present invention.

FIG. 10 shows a transmission structure of an ACK/NACK
channel according to a third exemplary embodiment of the
present 1nvention

FIG. 11 shows a drawing for explaining interference
between cells.

FIG. 12 shows an example of a method for arranging the
reference signals of the data channels 1n a cellular environ-
ment.

FIG. 13 shows an example of data transmission 1 two
sectors located at the same base station.

DETAILED DESCRIPTION

In the following detailed description, only certain exem-
plary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled 1n the art would realize, the described embodiments
may be modified 1 various different ways, all without
departing from the spirit or scope of the present invention.
Accordingly, the drawings and description are to be regarded
as illustrative 1n nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

Throughout this detailed description and the claims which
tollow, unless explicitly described to the contrary, the word
“comprise/include” or vanations such as “comprises/in-
cludes” or “comprising/including” will be understood to
imply the inclusion of stated elements but not the exclusion
of any other elements. Each block 1s a unit for processing at
least one function or operation, which can be realized by
hardware, software, or a combination ol hardware and
soltware.

Now, uplink signal transmitting methods and uplink sig-
nal transmitting apparatuses according to exemplary
embodiments of the present invention will be described with
reference to the drawings. While a system using an OFDM
modulation/demodulation 1s described as an example of a
communication system in the exemplary embodiments of
the present invention, the present invention can be appli-
cable to various communication systems.

First, an uplink signal transmitting apparatus and an
uplink signal transmitting method of a terminal according to
a first exemplary embodiment of the present invention will
be described with reference to FIG. 1 and FIG. 2.

FIG. 1 shows a schematic block diagram of the uplink
signal transmitting apparatus or generating apparatus
according to the first exemplary embodiment of the present
invention, and FIG. 2 shows a flow diagram of the uplink
signal transmitting method or generating method according
to the first exemplary embodiment of the present invention.

As shown 1n FIG. 1, the uplink signal transmitting appa-
ratus includes a CDM mapper 110, an inverse fast Fourier
transformer (IFFT) 120, a parallel/senial converter 130, a
cyclic prefix (CP) adder 140, a digital/analog converter 150,
and a radio frequency (RF) transmitter 160.

Referring to FIG. 2, the CDM mapper 110 multiplies a
transmission symbol s to be transmitted at a transmission
time #n by a sequence EI.H(‘I“') for differentiating 1t from that of
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another user (1.e., terminal), and allocates the transmission
symbol multiplied by the sequence to a frequency bandwidth

(step S11). Since the sequence ¢, ¥ is for identifying the user
with a code, the sequence c, ®" will be referred as a CDM
sequence 1n the exemplary embodiments of the present
invention. The CDM sequence ¢, of which the transmis-
sion symbol s© of the user #k is multlplled may be defined
as a vector shown in Equation 1.

E_ (k}:[E_ ':k}(U)E- (k}(]) _

. ¢; P(NAN)] Equation 1

The CDM sequence ¢, can be defined as the product of
a basic sequence Co and the code l|11 &) for identifying the
user as expressed i Equation 2, and the code Ilf;, ® for
idenfifying the user will be described as a eemplex sine
wave having a characteristic of a linear phase increase 1n the
exemplary embodiments of the present invention. Multiply-
ing of the complex sine wave 1n the frequency domain
corresponds to shifting 1in the time domain. Accordingly, the
CDM sequence c; *®) is given by cyclic-shifting the basic
sequence c, by AT (k) 1n the time domain.

—k)

E(rk} —C{)@gb

Equation 2

[co(0) co(l) ... coN,-1)]7

Az —J;frj;(Nf ),&ﬂn(ﬁc)]T

Cog =

Here, @ denotes an operation that multiplies each ele-
ment of one vector by each element of the other vector, 1_(k)
denotes a number of the CDM sequence used by the user #k
at the transmission time #n, and AT denotes a granularity of
the cyclic-shift, N, denotes the number of subcarriers for
transmitting the CDM sequence, and the basic sequence c,,
1S given as a vector.

In Equation 2, the cyclic-shift 1s determined based on the
number 1, (k) of the CDM sequence. For example, the
cyclic-shift increases by AT when the number 1.(k) of the
CDM sequence increases by ‘1°.

The IFFT 120 transforms the transmission symbol that 1s
multiplied by the CDM sequence to a transmission signal of
the time domain by performing an nverse fast Fourier
transform (step S12). The parallel/serial converter 130 con-
verts the transmission signal of the time domain to a sernal
transmission signal (step S13), and the CP adder 140 adds
the CP to the serial transmission signal (step S14). The
digital/analog converter 150 converts the transmission sig-
nal to which the CP 1s added to an analog transmission signal
(step S15), and the RF transmitter 160 converts the analog
transmission signal to an RF signal and transmits the RF
signal through a transmission antenna 170 (step S16).

Next, the CDM mapper 110 sets a CDM sequence c, ](k)
that is different from the CDM sequence ¢, * of the trans-
mission time #n to a CDM sequence of a transmlssmn time
#(n+1) (step S17), and repeats from the step S11. The CDM
mapper 110 changes the CDM sequence c; ® with time by
changing the number 1 (k) of the CDM sequence c, ) with
time, that 1s, by changing a cyclic-shift value for the cyclic-
shift with time. A pattern for changing the cyclic-shift value
may be stored 1n the terminal 1n the format of a lookup table.

On the other hand, channels using the CDM sequence
according to the first exemplary embodiment of the present
invention may be channels for allocating a plurality of users
to the same frequency bandwidth at the same time domain.
For example, a sounding reference signal or an ACK/NACK
channel may use the CDM sequence. The sounding refer-
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ence signal 1s a wideband signal that 1s periodically trans-
mitted by the terminal, and 1s used for estimating the uplink
channel characteristic, for controlling the uplink power, and
for estimating the timing. Therefore, all users transmit the
sounding reference signals by using the same frequency

bandwidth at the same time. The ACK/NACK channel 1s a

channel for informing whether or not the terminal has
received downlink packet data, and 1s required to have
excellent performance at a low signal-to-noise ratio (SNR).

Therefore, a lot of frequencies and time resources are
allocated to the ACK/NACK channel, and a plurality of

users simultaneously could access the ACK/NACK channel.
Accordingly, the CDM sequence according to the exemplary
embodiments of the present invention may be applicable to
the sounding reference signal and the ACK/NACK channel.

In FIG. 1, the transmission symbol s is ‘1’ when the
CDM sequence 1s used for the sounding reference signal,
and the transmission symbol s© is an ACK/NACK symbol
to be transmitted when the CDM sequence 1s used for the
ACK/NACK channel.

FIG. 3 shows a schematic block diagram of a receiving
apparatus 1n a base station according to the first exemplary
embodiment of the present invention, and FIG. 4 shows a
schematic block diagram of a CDM demapper 1n the receiv-
ing apparatus of FIG. 3. FIG. 5 shows a flow diagram of a
method for extracting a desired user signal, and FIG. 6
shows a signal extracted by the CDM demapper of FIG. 4.

As shown 1n FIG. 3, the receiving apparatus includes an
RF receiver 210, an analog/digital converter 220, a CP
remover 230, a serial/parallel converter 240, a fast Fourier
transformer (FFT) 250, and a CDM demapper 260.

The RF receiver 210 receives K user signals from K
terminals through a receiving antenna 270, and converts the
K user signals to a baseband signal. The analog/digital
converter 220 converts the baseband signal to a digital
recerved signal. The CP remover 230 removes the CP from
the digital received signal, and the serial/parallel converter
240 converts the digital received signal from which the CP
1s removed to a parallel received signal. The FFT 250
transforms the parallel received signal to a frequency
domain received signal by performing a fast Fourier trans-
form. The CDM demapper 260 estimates a vector s“H_*
from the frequency domain received signal by using the
CDM sequence ¢, ® at the transmission time of the user #k
(where k is a number within a range from O to (K—1)). At this
time, the vector 1s given by a product of the transmission
symbol of the user #k and a channel vector.

The frequency domain received signal X transformed by
the FFT 250 can be expressed as Equation 3.

X, = [X,(0) X,(1) ... X,(N,=1)7" Equation 3
K-1
= S(k)ﬁfﬂ ®-§i)
k=0
k 7
o) =[HP0) HPQ) ... HPN, -]

Here, @ denotes an operation that multiplies each ele-
ment of one vector by each element of the other vector,
H _“(j) denotes a channel value corresponding to the j™
subcarrier.

As shown 1n FIG. 4, the CDM demapper 260 includes a
basic sequence descrambler 261, an inverse discrete Fourier
transformer (IDFT) 262, a time delay domain extractor 263,
and a discrete Fourier transformer (DFT) 264.
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Referring to FIG. 5, the basic sequence descrambler 261
descrambles the basic sequence by multiplying each element
of the frequency domain received signal X by each element

of the conjugated basic sequence ¢, as expressed in Equation
4 (step S21).

Y, X,(®) o

Here, Y, denotes an output of the basic sequence
descrambler 261.

The IDFT 262 transforms the output Y, of the basic
sequence descrambler 261 to a time delay domain signal g
by performing an inverse discrete Fourier transform (step
S522). It 1s assumed that ‘k’ 1s allocated to the CDM sequence
number 1 (k) of the user #k, and the K user signals are
transmitted through the same frequency domain at the same
time domain. Then, channel delay profiles of the K user
signals appear in the time delay domain signal g, as shown
in FIG. 6, and a time delay between the two adjacent users
1s At. The time delay domain extractor 262 extracts a
domain allocated to the user #k at the transmission time #n,
and moves data of the extracted domain into an origin to
output the time delay domain signal g, * of the user #k (step
S23). The DFT 264 transforms the time delay domain signal
g ® of the user #k to a desired user signal, i.e., a signal of

2
the user #k, by performing a discrete Fourier transform (step

S24).

Next, the effect that a multipath of a user having a channel
delay spread has on the other users will be described with
reterence to FIG. 7 and FIG. 8.

FIG. 7 shows a time delay domain signal according to the
passing of time when a general CDM sequence 1s used, and
FIG. 8 shows a time delay domain signal according to the
passing of time when the CDM sequence 1s hopped in
accordance with the first exemplary embodiment of the
present mvention.

Referring to FIG. 7, a multipath of a user #0 having the
channel delay spread has the effect on an interval of a user
#1 such that interference can occur between the users. If the
interference occurs 1n the sounding reference signal, the
channel estimation performance of the user #1 deteriorates.
Particularly, the channel estimation performance becomes
worse when the user #0 has a larger received power than the
user #1. In this case, 1f the same CDM sequence 1s continu-
ously allocated to the same user even though time 1s passed,
the multipath of the user #0 continuously has the effect on
the interval of the user #1 1n the time delay domain signals
g.—g.. , such that the channel estimation performance of the
user #1 continues to deteriorate.

As shown in FIG. 8, according to the first exemplary
embodiment of the present invention, the CDM sequence of
cach user 1s changed with time such that the users that are
adjacent to each other in the time delay domain signals are
changed. As a result, the interference between the users can
be randomized. That 1s, the multipath of the user #0 has the
cilect on the interval of the user #1 1n the time delay domain
signal g, but has the effect on the intervals of the user #2 and
the user #3 in the time delay domain signals g, and g, ;.
respectively. Accordingly, the channel estimation perfor-
mance of only one user 1s not deteriorated by the multipath
of the user #0 but the channel estimation performances of the
plurality of users can be randomly deteriorated.

Next, a method for allocating the different CDM
sequences to the user with time will be described with
reference to Table 1 and Table 2. Table 1 and Table 2 show
a CDM sequence allocation method according to the first
exemplary embodiment of the present invention.

Equation 4
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TABLE 1
o 1) Iv_1
User #0 mg(0) mg(1) mg(N - 1)
User #1 m,; (0) m (1) m(N - 1)
User #K - 1) mgy(0) mey()  me (N-1)  mg (N-1)

Here, 1, denotes a CDM sequence number of the trans-
mission time #n, and m,(n) denotes the cyclic-shiit value
that 1s transmitted by the user #k at the transmission time #n.
The m,(n) has any one of the cyclic-shift values from 0 to
(K-1) as expressed 1n Equation 5.

Vn,m;(n)e{0,1,2, . .. ,K-1},0sk=sK-1 Equation 5

In order to randomize the interference between the users,
two diflerent users use the different CDM sequences at one
time domain. In addition, when the two users use the
adjacent CDM sequences at one time domain, the two users
use CDM sequences that are not adjacent to each other. As
shown 1n an example of Table 2, the base station and the
terminal allocate the different cyclic-shift values to the
different users at one time domain, hop the cyclic-shiit
values with time, and allocate the hopped cyclic-shiit values
to the users. Then, the CDM sequence 1s hopped with time.
The hopping pattern of the cyclic-shift 1s set such that the
two users that have used the adjacent cyclic-shift values at
one time domain use the cyclic-shift values that are not
adjacent to each other at the other time domain. For
example, when the hopping pattern of each user is set as
shown 1n Table 2, the cyclic-shiit values of the user #0 and
the user #1 are adjacent to each other at the transmission
time #0, but the cyclic-shift values of the user #0 and the
user #1 are not adjacent to each other.

TABLE 2

Ig I
User #0 0 3
User #1 1 5
User #2 2 2
User #3 3 0
User #4 4 4
User #5 5 1

The cyclic-shift hopping pattern 1s a pattern that 1s pre-
determined between the base station and the terminal. The
base station iforms the terminal of information on the
cyclic-shift hopping pattern at imitial access, and the termi-
nal and the base station may store the cyclic-shift hopping
pattern, respectively. The cyclic-shiit hopping pattern may
be set by the base station or an upper node of the base station
in the communication system. That 1s, the base station or the
upper node may set the CDM sequences on the plurality of
user and the cyclic-shiit hopping patterns thereof.

Next, exemplary embodiments that respectively apply the
cyclic-shiit hopping pattern according to the first exemplary

embodiment of the present invention to the sounding refer-
ence signal and the ACK/NACK channel will be described

with reference to FIG. 9 and FIG. 10.

FIG. 9 shows a transmission structure of the sounding
reference signal according to a second exemplary embodi-
ment of the present invention, and FIG. 10 shows a trans-
mission structure of the ACK/NACK channel according to a
third exemplary embodiment of the present invention.

As shown m FIG. 9, all users transmit the sounding
reference signals through the same frequency bandwidth at
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the same time domain. Since the sounding reference signal
uses the CDM sequence ¢, to which the cyclic-shift of
Table 1 1s applied, the di. ferent CDM sequences are allo-
cated to the different users such that the users are 1dentified.
After the base station estimates the channel characteristic of
each user by using the sounding reference signal, the base
station 1nforms each user of a frequency bandwidth having
an excellent channel characteristic. Then, the user may
transmit data through the frequency bandwidth that 1s
informed by the base station. In addition, the base station
may measure received power of each user and estimate a
timing error of each user by using the sounding reference
s1gnal.

Meanwhile, since the user may move 1n a wireless com-
munication system, the terminal periodically transmits the
sounding reference signal as shown 1n FIG. 9. Then, the base
station may periodically estimate channel characteristics by
using the sounding reference signal. As described with
reference to Table 1 and Table 2, the base station and the
terminal hop the cyclic-shift value with time when the
sounding reference signal 1s periodically transmitted such

that the interference between the users 1s randomized.
Referring to FIG. 10, the CDM sequence 1s used for the

reference signal, e.g., a pilot signal, and the ACK/NACK
signal 1n the transmission structure according to the third
exemplary embodiment. That 1s, three OFDM symbols are
used for the reference signals and four OFDM symbols are
used for the ACK/NACK symbols 1n the structure for
transmitting seven OFDM symbols and N, subcarriers.

The output of the CDM demapper (260 of FIG. 2) at a
fransmission time of the reference signal 1s a channel
estimate

H ",

n=1, 3, 5 at the corresponding transmission time, and the

output of the CDM demapper at a transmission time of the
ACK/NACK signal 1s a product

_JETY W
yn_g( }Hn ()

(n=0, 2, 4, 6) of the ACK/NACK symbol s**’ and the channel
estimate at the corresponding transmission time. Then, a
receiver of the base station compensates the outputs of the
CDM demapper 260 with the channel estimates, and
acquires an estimate on the ACK/NACK symbol by sum-
ming the compensated outputs as expressed in Equation 6.

Equation 6

As shown 1n FIG. 10, the base station and the terminal
may use one cyclic-shift hopping pattern by sequentially
allocating the CDM sequences to the reference signal and
the ACK/NACK signal 1n order of the transmission time.
Alternatively, the base station and the terminal may set the
cyclic-shift hopping pattern for the reference signal to be
different from the cyclic-shift hopping pattern of the ACK/
NACK signal. As a further alternative, the base station and
the terminal may apply the cyclic-shift hopping pattern to
any one of the reference signal and the ACK/NACK signal.

While i1t has been described that four symbols such as
ACK/NACK symbols transmit the same symbols s’ in FIG.
10, the cyclic-shift hopping pattern according to the first
exemplary embodiment of the present invention can be
applicable to a channel quality indicator (CQI) channel. The
CQI channel 1s used when the terminal transmits downlink
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channel information to the base station. In CQI channel,
different symbols can be transmitted through the whole data
blocks, 1.e., the OFDM symbols, except for the reference
signals.

As described above, while 1t has been described that K
cyclic-shift values are used for the K users 1n the first to the
third exemplary embodiments of the present invention, the
K cyclic-shift values extracted from more than K cyclic-shift
values may be allocated to the K users and be hopped with
fime.

In addition, the base station and the terminal may change
the number of cyclic-shift values 1in accordance with a cell
environment or a cell load, and this exemplary embodiment
will be described below.

In a fourth exemplary embodiment of the present inven-
tion, the base station and the terminal classify entire
sequences for the cyclic-shift values into a plurality of
groups, and sets a mmimum difference between the cyclic-
shift values of each group to be greater than 1. For example,
the base station and the terminal may divide all the
sequences of Equation 5 into two groups as expressed in
Equation 7. Then, when the number of the cyclic-shift values
used 1n the cell 1s less than or equal to (K/2), the base station
and the terminal set the cyclic-shift values with the
sequences of the first group and hop the cyclic-shift values
with time. Since the first group has the even-numbered
cyclic-shift values, the minimum difference between the
cyclic-shift values 1s 2. When the number of the cyclic-shift
values used 1n the cell 1s greater than (K/2), the base station
and the terminal set the cyclic-shift values with the
sequences of the first and second groups and hop the
cyclic-shift values with time. In this case, the minimum
difference between the cyclic-shift values 1s 1.

vn,m,(n)e{0,2,4, . .. ,K—-1},0<k<K/2-1

vn,m,(n)e{1,3,5, ... K2} K/2<k<K-1 Equation 7

According to the fourth exemplary embodiment, when a
small number of sequences are required 1n accordance with
the time and the cell environment, the cycllc-shlft values are
allocated from the group in which the minimum difference
between the sequences 1s great such that the interference
between the users 1s reduced.

When the time delay spread of the radio channel 1s
different according to surroundings of the cell, the cyclic-
shift values may be allocated from the (K/2) sequences of
the first group 1n the case of the great time delay spread, and
the cyclic-shift values may be allocated from the K
sequences 1n the case of a small ime delay spread.

FIG. 11 shows a drawing for explaining the interference
between the cells.

When a first user 311 uses a cell #0 of a first base station
312 as a home cell, and a second user 321 uses a cell #1 of
a second base station 322 as the home cell, a signal trans-
mitted by the second user may be received 1n the cell #0. In
this case, 1f the first and second users have the same
cyclic-shift hopping pattern, the CDM sequences of the two
users may be continuously conflicted. Accordingly, the base
station and the terminal according to a fifth exemplary
embodiment of the present mnvention set the cyclic-shift
hopping pattern based on the cell to which the user belongs
as shown 1n Equation 8, Table 3, and Table 4.

1 =[m (n)+H_(n)]% K Equation 8

Here, H_.(n) denotes a cell code value allocated to the cell
#c at the transmission time #n, K denotes the maximum

number of the users, and % denotes the modulo operation.
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TABLE 3
i R
User #0  [mg(0) + Hy(0)]% K ... [me(N = 1) + Hy(N - 1)]% K
User #1  [m,(0) + Hy(0)]% K C[m(N - 1) + H{N - D% K
User My (0) + Ho(0)]% K . .. [me (N = 1) + Ho(N = 1)]% K
#(K - 1)
TABLE 4
1o R TV
User #0  [mo(0) + H,(0)]% K ... my(N-1) + H,(N - 1)]% K
User #1  [m,(0) + H,(0)]% K C[m(N-1)+H,N-1D]%K
User me (0) + H,(0)]% K ... [me (N -1)+H(N- D% K
#(K - 1)

According to the fifth exemplary embodiment, even
though the user #k of the cell #0 and the user #k of the cell

#1 use the same m,(n), the two users use diflerent cyclic-
shift values since the cell #0 and the cell #1 have different
cells codes. Accordingly, since the users that belong to the
different cells use the different CDM sequences at the same
transmission time, the interference between the cells 1s
prevented.

In the first to fifth exemplary embodiments of the present
invention, 1t has been described that the basic sequence 1s
fixed and the cyclic-shift 1s hopped to hop the CDM
sequence. However, the basic sequence may be varied with
time while the cyclic-shift 1s hopped such that the interfer-
ence between the cells 1s reduced.

In addition, the cyclic-shift hopping pattern according to
the exemplary embodiments of the present invention can be
applicable to the case where the users are located at the
different cells or sectors like a reference signal of a data
channel used for a coherent demodulation of the data
channel. This exemplary embodiment will be described with
reference to FIG. 12 and FIG. 13.

FIG. 12 shows an example of a method for arranging the
reference signals of the data channels 1n a cellular environ-
ment, and FIG. 13 shows an example of data transmission in
two sectors located at the same base station. Seven base
stations are shown in FIG. 12 for easy description.

As shown 1n FIG. 12, the seven base stations use different
base sequences, 1.e., basic sequence numbers u . Each base
station i1ncludes three sectors, and the three sectors use
sequences which are obtained by cyclic-shifting the same
basic sequence by the different values. While 1t has been
shown 1n FIG. 12 that two different cyclic-shiit values are
allocated to each sector, one cyclic-shift value can be
allocated to each sector.

Referring to FIG. 13, a user #1 transmits data in a sector
o, and the user #1 1s diflerentiated form the other users of the
sector a by the frequency. The data are transmitted 1n a
subiframe unit, and the reference signal which 1s common to
all users of the sector o 1s transmitted twice i1n each
subirame. A user #2 transmits data 1n a sector f3, and the data
transmission structure of the sector p 1s similar to the sector
a. At this time, the interference between the users within one
sector does not exist as shown 1n FIG. 13. However, the user
#1 of the sector a. and the user #2 of the sector [3 use the same
time/frequency resources, and use sequences, which are
obtained by cyclic-shifting the same basic sequence by the
different values, as the reference signals, respectively.

Herein, the interference between the users may exist when
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time delay in a channel 1s great. Accordingly, a sixth
exemplary embodiment of the present invention randomizes
the mterference between the users by changing the cyclic-
shift value with time. At this time, the basic sequence may
be, changed with time.

Table 5 shows an example of a cyclic shift hopping
pattern and a basic sequence hopping pattern on the refer-
ence signal of the data channel. Referring to Table 3,
whenever the reference signal 1s transmitted, the basic

sequence number u, and the cyclic-shift, 1.e., the CDM
sequence number 1, 1s changed.
TABLE 5
(o, 10) (uy, 1) (W, 1) (uz, 13)
Base Sector a (0, 0) (2, 0) (0, 0) (5, 0)
station Sector 5 (0, 1) (2, 2) (0, 1) (5, 2)
#0 Sector v (0, 2) (2, 1) (0, 2) (5, 1)
Sector @ (0, 3) (2, 3) (0, 3) (5, 3)
Sector 3 (0, 4) (2, 3) (0, 4) (5, 3)
Sector ¥ (0, 3) (2, 4) (0, 3) (5, 4)
Base Sector ¢ (1, 0) (4, 0) (2, 0) (7, 0)
station Sector (1, 1) (4, 2) (2, 1) (7, 2)
#1 Sector ¥ (1, 2) (4, 1) (2, 2) (7, 1)
Sector a (1, 3) (4, 3) (2, 3) (7, 3)
Sector 5 (1, 4) (4, 5) (2, 4) (7, 3)
Sector ¥ (1, 5) (4, 4) (2, 5) (7, 4)

While this invention has been described in connection
with what 1s presently considered to be practical exemplary
embodiments, it 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary,
1s 1ntended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.

The above-described methods and apparatuses are not
only realized by the exemplary embodiments of the present
invention, but, on the contrary, are intended to be realized by
a program for realizing functions corresponding to the
configurations of the exemplary embodiments of the present
invention or a recording medium for recording the program.

The mnvention claimed 1s:

1. A communication methodJof transmitting an uplink
signal at a terminal of a first user 1n a wireless communi-
cation system], the method comprising:

transmitting, by a user equipment (UL), a {irst sequence at

a first transmission time, the first sequence being deter-
mined [by] based on a basic sequence and a first cyclic
shift valuefJamong a plurality of cyclic shift values
including the first cyclic shift value, a second cyclic
shift value, a third cyclic shift value, and a fourth cyclic
shift value]; and
transmitting, by the UE, a second sequence at a second
transmission time after the first transmission time, the
second sequence being determined [by] based on the
basic sequence and [the] a second cyclic shift value,
[wherein at a terminal of a second user being different
from the first user, a sequence determined by the basic
sequence and the third cyclic shift value 1s transmitted
at the first transmission time and a sequence determined
by the basic sequence and the fourth cyclic shift value
1s transmitted at the second transmission time, and
wherein a difference between the second cyclic shift value

and the first cyclic shift value 1s different from a

difference between the fourth cyclic shift value and the

third cyclic shift value when the third cyclic shift value

is adjacent to the first cyclic shift value}
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wherein the first cyclic shift value and the second cvclic

shift value are UE-specific.

2. The method of claim 1, wherein the second cyclic shift
value is determined based on the first cyclic shift value[, and
the fourth cyclic shift value 1s determined based on the third
cyclic shift value].

3. The method of claim 1, wherein the first sequence 1s
defined by a product of the basic sequence and a complex
sine wave corresponding to the first cyclic shift value, and

the second sequence 1s defined by a product of the basic

sequence and a complex sine wave corresponding to
the second cyclic shift value.

4. The method of claim 1, wherein the first [sequence is
given by cyclic-shifting the basic sequence by the first cyclic
shift value 1n a time domain, and

the second sequence 1s given by cyclic-shifting the basic

sequence by the second cyclic shift value 1 a time
domain] cyclic shift value is determined also based on
a first symbol number of the first transmission time, and
the second cyclic shift value is determined also based
on a second symbol number of the second transmission

fime.

5. The method of claim 1, wherein each of the first
sequence and the second sequence c, * is given as follows:

EE?ZED@JE:)

To =[co(®) co(l) ... coN,-1)]7

e —j2E Ari 7 S EC L Y T
wfﬁ = le J"Nfﬂi’rn(k) . ij(Nf l)ﬂ*rn(k)] ?

wherein ¢, denotes the basic sequence, At (k) denotes
the first or second cyclic-shift value, and N.denotes the
number of subcarriers.

[6. A method of receiving an uplink signal at a base station
1n a wireless communication system, the method compris-
Ing:

receiving a first sequence from a first terminal of a first

user at a first transmission time, the first sequence being
determined by a basic sequence and a first cyclic shift
value among a plurality of cyclic shift values including
the first cyclic shift value, a second cyclic shift value,
a third cyclic shift value, and a fourth cyclic shift value;
rece1ving a second sequence from the first terminal at a
second transmission time after the first transmission
time, the second sequence being determined by the
basic sequence and the second cyclic shift value;

recelving a third sequence from a second terminal of a

second user at the first transmission time, the second
user being different from the first user and the third
sequence being determined by the basic sequence and
the third cyclic shift value; and

receiving a fourth sequence from the second terminal at

the second transmission time, the fourth sequence
being determined by the basic sequence and the fourth
cyclic shift value,

wherein a difference between the second cyclic shift value

and the first cyclic shift value 1s different from a
difference between the fourth cyclic shift value and the
third cyclic shift value when the third cyclic shift value
is adjacent to the first cyclic shift value.}

[7. The method of claim 6, wherein the second cyclic shift
value 1s determined based on the first cyclic shift value, and
the fourth cyclic shift value 1s determined based on the third
cyclic shift value.]
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[8. The method of claim 6, wherein the first sequence is
defined by a product of the basic sequence and a complex
sine wave corresponding to the first cyclic shift value, and

the second sequence 1s defined by a product of the basic

sequence and a complex sine wave corresponding to
the second cyclic shift value.}

[9. The method of claim 6, wherein the first sequence is
given by cyclic-shifting the basic sequence by the first cyclic
shift value in a time domain, and

the second sequence 1s given by cyclic-shifting the basic

sequence by the second cyclic shift value 1n a time
domain.}

[10. The method of claim 6, wherein each of the first
sequence and the second sequence Ein(k) 1s given as follows:

Eg:) =T, ®J§:)
_'D — [CU(O) C[}(l) C.D(Nf—l)]T

2T 2 . T
@:) _ [ E—;N—fﬁnn(k} | E—jN—f(Nf—l)ﬁﬂn(k}] |

wherein ¢, denotes the basic sequence, AT, (k) denotes
the first or second cyclic-shift value, and N, denotes the
number of subcarriers.}

[11. An apparatus for transmitting an uplink signal at a
terminal of a first user 1n a wireless communication system,
the method comprising:

a mapper configured to generate a first sequence and a
second sequence, the first sequence bemng determined
by a basic sequence and a first cyclic shift value among
a plurality of cyclic shift values including the first
cyclic shift value, a second cyclic shift value, a third
cyclic shift value, and a fourth cyclic shift value, and
the second sequence being determined by the basic
sequence and the second cyclic shift value; and

a transmitter configured to transmit the first sequence at a
first transmission time and transmit the second
sequence at a second transmission time after the first
transmission time,

wherein at a terminal of a second user being different from
the first user, a sequence determined by the basic
sequence and the third cyclic shift value 1s transmitted
at the first transmission time and a sequence determined
by the basic sequence and the fourth cyclic shift value
1S transmitted at the second transmission time., and

wherein a difference between the second cyclic shift value
and the first cyclic shift value 1s different from a
difference between the fourth cyclic shift value and the
third cyclic shift value when the third cyclic shift value
is adjacent to the first cyclic shift value.}

[12. The apparatus of claim 11, wherein the second cyclic
shift value 1s determined based on the first cyclic shift value,
and the fourth cyclic shift value 1s determined based on the
third cyclic shift value.]

[13. The apparatus of claim 11, wherein the first sequence
1s defined by a product of the basic sequence and a complex
sine wave corresponding to the first cyclic shift value, and

the second sequence 1s defined by a product of the basic
sequence and a complex sine wave corresponding to
the second cyclic shift value.}

[14. The apparatus of claim 11, wherein the first sequence
1s given by cyclic-shifting the basic sequence by the first
cyclic shift value 1n a time domain, and
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the second sequence 1s given by cyclic-shifting the basic

sequence by the second cyclic shift value 1n a time
domain.]

[15. The apparatus of claim 11, wherein each of the first

sequence and the second sequence Eiﬂ(k) 1s given as follows:

E’Ei) =Eﬂ®$§:)

Cg = [CD(O) col(l) ... CD(Nf — 1)]T

) _ [ A, () (N -1 )A7i, (B ]T
Yoy =116 "N ..e ij( ) "

wherein ¢, denotes the basic sequence, AT (k) denotes
the first or second cyclic-shift value, and N denotes the
number of subcarriers.}]

[16. An apparatus of receiving an uplink signal at a base
station 1n a wireless communication system, the method
comprising:

a first recerver configured to receive a first sequence from

a first terminal of a first user at a first transmission time
and receive a second sequence from the first terminal at
a second transmission time after the first transmission
time, the first sequence being determined by a basic
sequence and a first cyclic shift value among a plurality
of cyclic shift values including the first cyclic shift
value, a second cyclic shift value, a third cyclic shift
value, and a fourth cyclic shift value, and the second
sequence being determined by the basic sequence and
the second cyclic shift value; and

a second receiver configured to receive a third sequence
from a second terminal of a second user at the first
transmission time and receive a fourth sequence from
the second terminal at the second transmission time, the

second user being different from the first user and the
third sequence being determined by the basic sequence
and the third cyclic shift value and the fourth sequence
being determined by the basic sequence and the fourth
cyclic shift value,

wherein a difference between the second cyclic shift value

and the first cyclic shift value 1s different from a
difference between the fourth cyclic shift value and the
third cyclic shift value when the third cyclic shift value
is adjacent to the first cyclic shift value.}

[17. The apparatus of claim 16, wherein the second cyclic
shift value 1s determined based on the first cyclic shift value,
and the fourth cyclic shift value 1s determined based on the
third cyclic shift value.}

[18. The apparatus of claim 16, wherein the first sequence
1s defined by a product of the basic sequence and a complex
sine wave corresponding to the first cyclic shift value, and

the second sequence 1s defined by a product of the basic

sequence and a complex sine wave corresponding to
the second cyclic shift value.]

[19. The apparatus of claim 16, wherein the first sequence
1s given by cyclic-shifting the basic sequence by the first
cyclic shift value 1n a time domain, and

the second sequence 1s given by cyclic-shifting the basic

sequence by the second cyclic shift value 1n a time
domain.]

[20. The apparatus of claim 16, wherein each of the first
sequence and the second sequence Eiﬂ(@ 1s given as follows:
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-continued

To =[co(®) co(l) ... coN,-D]F

wald
W

i

. 2T

L2, . I
— — je— AT, (k) — | N—1|ATi, (k)
=| 1 A RO ]

wherein ¢, denotes the basic sequence, AT, (k) denotes
the first or second cyclic-shift value, and N.denotes the
number of subcarriers.}

21. The communication method of claim 1, further com-
prising:

transmitting, from another UE, a third sequence at the

first transmission time, the another UE being different
from the UE, and the third sequence being determined
based on the basic sequence and a third cyclic shift
value; and

fransmitting, from the another UE, a fourth sequence at

the second transmission time, the fourth sequence
being determined based on the basic sequence and a
fourth cyclic shift value,

wherein, when the first cyclic shift value is equal to the

third cyclic shift value plus one (1), the second cyclic
shift value is not equal to the fourth cyclic shift value
plus one (1).

22. A communication apparaius, COmprising:

a processor, and

a memory operably coupled to the processor,

wherein the memory stores program instructions which:

cause the communication apparatus (o transmit a first
sequence to a base station at a first transmission
time, the first sequence being determined based on a
basic sequence and a first cyclic shift value;, and

cause the communication apparatus to transmit a sec-
ond sequence to the base station at a second trans-
mission fime after the first transmission time, the
second sequence being determined based on the
basic sequence and a second cyclic shift value,

wherein the first cyclic shift value and the second cyclic

shift value are UE-specific.

23. The apparatus of claim 22, wherein the second cyclic
shift value is determined based on the first cyclic shift value.

24. The apparatus of claim 22, wherein the first sequence
is defined by a product of the basic sequence and a complex
sine wave corresponding to the first cyclic shift value, and

the second sequence is defined by a product of the basic

sequence and a complex sine wave corresponding to
the second cyclic shift value.

25. The apparatus of claim 22, wherein the first cyclic
shift value is determined also based on a first symbol number
of the first transmission time, and the second cyclic shift
value is determined also based on a second symbol number
of the second transmission time.

26. The apparatus of claim 22, wherein each of the first

sequence and the second sequence ¢, ™ is given as follows:
Eg? =Co® @:)
To =[co@ co(l) ... coNF,=D]"
C2mo, 2 : f
ﬁ:) _ [ 1€—jw—fmzﬂ(;c) | e—jﬁ(wf—l)mﬂ(ﬁc)] ?

wherein c, denotes the basic sequence, Ati (k) denotes

the first or second cyclic-shift value, and N,denotes the
number of subcarriers.

27. The communication apparatus of claim 22, wherein

another communication apparatus transmits a third
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sequence at the first transmission time, the another commu-
nication apparatus being different from the communication
apparatus, and the third sequence being determined based
on the basic sequence and a third cyclic shift value,
wherein the another communication apparatus ransmits
a fourth sequence at the second transmission time, the
fourth sequence being determined based on the basic
sequence and a fourth cyclic shift value, and
wherein, when the first cyclic shift value is equal to the
third cyclic shift value plus one (1), the second cyclic
shift value is not equal to the fourth cyclic shift value
plus one (1).
28. A communication method, comprising:
receiving, from a first user equipment (UE), a first
sequence at a first transmission fime, the first sequence
being determined based on a basic sequence and a first
cyclic shift value,; and
receiving, from the first UE, a second sequence at a
second transmission time after the first transmission
time, the second sequence being determined based on
the basic sequence and a second cyclic shift value,
receiving, from a second UE, a third sequence at the first
transmission time, the second UE being different from
the first UE, and the third sequence being determined
based on the basic sequence and a third cyclic shift
value,; and
receiving, from the second UE, a fourth sequence at the
second transmission time, the fourth sequence being
determined based on the basic sequence and a fourth
cvclic shift value,
wherein, when the first cyclic shift value is equal to the
third cyclic shift value plus one (1), the second cyclic
shift value is not equal to the fourth cyclic shift value
plus one (1).
29. The method of claim 28, wherein the second cyclic
shift value is determined based on the first cyclic shift value.
30. The method of claim 28, wherein the first sequence is
defined by a product of the basic sequence and a complex
sine wave corresponding to the first cyclic shift value, and
the second sequence is defined by a product of the basic
sequence and a complex sine wave corresponding to

the second cyclic shift value.
31. The method of claim 28, wherein the first cyclic shift

value is determined also based on a first symbol number of

the first transmission time, and the second cyclic shift value
is determined also based on a second symbol number of the
second transmission time.

32. The method of claim 28, wherein each of the first
sequence and the second sequence Ein(k) is given as follows:

EE? =Co '@@:)

Cg = [CD(O) Gﬂ(l) C{](Nf — 1)]T

B _ [ a0 (N 1A, T
vy, = leij eij(f ) ]’
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wherein ¢, denotes the basic sequence, At-i (k) denotes
the first or second cyclic-shift value, and N denotes the
number of subcarriers.
33. The communication method of claim 28, wherein the
s first cyclic shift value and the second cyclic shift value are
UE-specific.

34. A communication apparatus, comprising:

a processor, and

a memory operably coupled to the processor,

wherein the memory stores program instructions which:

cause the apparatus 1o receive a first sequence from a
first user equipment (UE) at a first transmission time,
the first sequence being determined based on a basic
sequence and a first cyclic shift value; and

cause the apparatus to receive a second sequence from
the first UE at a second transmission time after the
first transmission time, the second sequence being
determined based on the basic sequence and a
second cyclic shift value;

cause the apparatus to receive a third sequence from a
second UE at the first transmission time, the second
UE being different from the first UE, and the third
sequence being determined based on the basic
sequence and a third cyclic shift value; and

cause the apparatus to receive a fourth sequence from
the second UE at the second transmission time, the
fourth sequence being determined based on the basic
sequence and a fourth cyclic shift value,

wherein, when the first cyclic shift value is equal to the

third cyclic shift value plus one (1), the second cyclic

shift value is not equal to the fourth cyclic shift value

plus one (1).

35. The apparatus of claim 34, wherein the second cyclic
shift value is determined based on the first cyclic shift value.

36. The apparatus of claim 34, wherein the first sequence
is defined by a product of the basic sequence and a complex
sine wave corresponding to the first cyclic shift value, and

the second sequence is defined by a product of the basic

sequence and a complex sine wave corresponding to
the second cyclic shift value.

37. The apparatus of claim 34, wherein the first cyclic
shift value is determined also based on a first symbol number
of the first transmission time, and the second cyclic shift
value is determined also based on a second symbol number
of the second transmission time.

38. The apparatus of claim 34, wherein each of the first
sequence and the second sequence Ein(k) is given as follows:
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—k)
W

'

=ED®

N,-D71
50 co(Ns—1)]

wherein c, denotes the basic sequence, Ati (k) denotes
the first or second cyclic-shift value, and N,denotes the
number of subcarriers.
39. The communication apparatus of claim 34, wherein
the first cyclic shift value and the second cyclic shift value
are UE-specific.
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