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(57) ABSTRACT 

One of sequence groups each specifying reference signal 
sequences for respective radio resource bandwidths is 
assigned to a base station and a different one of the sequence 
groups is assigned to a neighboring cell. The base station 
includes a scheduler configured to allocate radio resources; a 
reporting unit configured to report the allocated radio 
resources and a cyclic shift amount to a mobile station; and a 
demodulating unit configured to demodulate a signal 
received from the mobile station based on one of the reference 
signal sequences corresponding to one of the radio resource 
bandwidths and the cyclic shift amount. Cell reuse is applied 
to the reference signal sequences to be transmitted using one 
resource unit, and sequence hopping where different ones of 
the reference signal sequences are assigned to consecutive 
Subframes is applied to the reference signal sequences to be 
transmitted using a bandwidth greater than one resource unit. 
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FIG.5 
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BASE STATION, MOBILE STATION, RADIO 
COMMUNICATION SYSTEM, AND 

COMMUNICATION CONTROL METHOD 

TECHNICAL FIELD 

0001. The present invention generally relates to a radio 
communication system. More particularly, the present inven 
tion relates to a base station, a mobile station, a radio com 
munication system, and a communication control method. 

BACKGROUND ART 

0002. A successor communication system to W-CDMA 
and HSDPA, i.e., Long Term Evolution (LTE), is currently 
being discussed by 3GPP, a standardization group for 
W-CDMA. In LTE, orthogonal frequency division multiplex 
ing (OFDM) is to be used as a downlink radio access method 
and single-carrier frequency division multiple access (SC 
FDMA) is to be used as an uplink radio access method (see, 
for example, 3GPP TR 25.814 (V7.0.0), “Physical Layer 
Aspects for Evolved UTRA June 2006). 
0003. In OFDM, a frequency band is divided into multiple 
narrow frequency bands (Subcarriers) and data are transmit 
ted on the Subcarriers. The Subcarriers are densely arranged 
along the frequency axis Such that they partly overlap each 
other but do not interfere with each other. This approach 
enables high-speed transmission and improves frequency 
efficiency. 
0004. In SC-FDMA, a frequency band is divided into mul 
tiple frequency bands and the frequency bands are allocated 
to different terminals for transmission in order to reduce 
interference between the terminals. Also, SC-FDMA reduces 
variation of the transmission power and therefore makes it 
possible to reduce power consumption of terminals and to 
achieve wide coverage. 
0005. A reference signal for uplink in E-UTRA indicates a 
pilot channel that is used for purposes such as Synchroniza 
tion, channel estimation for coherent detection, and measure 
ment of received SINR in transmission power control. The 
reference signal is a transmission signal known to the receiv 
ing end, i.e., the base station, and is embedded at intervals in 
each subframe. 
0006. In W-CDMA, a user-specific PN sequence, more 
precisely, a signal sequence obtained by multiplying a long 
cycle Gold sequence and an orthogonal sequence, is used as 
the reference signal (pilot channel). Since the PN sequence is 
long, it is possible to generate many different PN sequences. 
However, since the correlation properties of PN sequences are 
poor, the accuracy of channel estimation may become low. In 
other words, the interference between a pilot channel of a user 
and a pilot channel of another user may become high. Also, in 
a multipath environment, the autocorrelation between a pilot 
channel sequence and its delayed wave becomes high. In 
W-CDMA, simple reception processing such as RAKE 
reception is employed. Meanwhile, an E-UTRA system is 
designed to Suppress the multipath interference based on 
highly-accurate channel estimation using, for example, an 
equalizer. For this reason, in E-UTRA, a constant amplitude 
and Zero auto-correlation (CAZAC) sequence is used instead 
of a user-specific PN sequence. 
0007. The CAZAC sequence has excellent autocorrelation 
properties and cross-correlation properties and therefore 
enables highly-accurate channel estimation. In other words, 
compared with the PN sequence, the CAZAC sequence 
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makes it possible to greatly improve the demodulation accu 
racy. With the CAZAC sequence, the variation in the ampli 
tude of a signal is Small both in the frequency domain and the 
time domain, i.e., the amplitude of the signal becomes com 
paratively flat. Meanwhile, with the PN sequence, the varia 
tion in the amplitude of a signal is large in the frequency 
domain. Thus, using the CAZAC sequence makes it possible 
to accurately perform channel estimation for each frequency 
using an equalizer. Also, since the autocorrelation of a trans 
mitted CAZAC sequence becomes Zero, it is possible to 
reduce the influence of multipath interference. 
0008 Still, the CAZAC sequence has problems as 
described below. 

0009. The number of sequences is small. 
0010 Since it is not possible to assign unique CAZAC 
sequences to respective users, it is necessary to repeatedly or 
cyclically assign a limited number of CAZAC sequences to 
multiple cells (hereafter, this is called “cell reuse”). The num 
ber of sequences becomes particularly small when the trans 
mission band in SC-FDMA is narrow. In other words, when 
the transmission band in SC-FDMA is narrow, the symbol 
rate becomes low and the CAZAC sequence length decreases. 
In E-UTRA, a reference signal is time-division-multiplexed. 
Therefore, the symbol rate becomes low and the sequence 
length decreases when the transmission band is narrow. The 
number of sequences corresponds to the sequence length. For 
example, when the sequence length is 12 symbols in a trans 
mission band of 180 kHz, it is not possible to assign user 
specific sequences and therefore it is necessary to repeatedly 
or cyclically assign 12 sequences to multiple cells (may be 
greater than 12) Such that the same sequence is notassigned to 
neighboring cells. 

0.011 Cross-correlation between CAZAC sequences 
with different lengths varies rather greatly depending on 
the combination of the CAZAC sequences. When the 
cross-correlation is high, the accuracy of channel esti 
mation is reduced. 

0012 Next, SC-FDMA used as an uplink radio access 
method in E-UTRA is described with reference to FIG.1. In 
SC-FDMA, a system frequency band is divided into multiple 
resource blocks each of which includes one or more subcar 
riers. Each user device (user equipment: UE) is allocated one 
or more resource blocks. In frequency scheduling, to improve 
the transmission efficiency or the throughput of the entire 
system, resource blocks are allocated preferentially to user 
devices with good channel conditions according to received 
signal quality or channel quality indicators (CQIS) measured 
and reported based on downlink pilot channels for the respec 
tive resource blocks by the user devices. Frequency hopping 
where allocation of frequency blocks is varied according to a 
frequency hopping pattern may also be employed. 
0013. In FIG. 1, time and frequency resources allocated to 
different users are represented by different hatchings. For 
example, a relatively wide frequency band is allocated to UE2 
in the first subframe, but a relatively narrow frequency band is 
allocated to UE2 in the next subframe. Different frequency 
bands are allocated to the respective users such that the fre 
quency bands do not overlap. 
(0014. In SC-FDMA, different time and frequency 
resources are allocated to respective users in a cell for trans 
mission to achieve orthogonality between the users in the cell. 
Here, the minimum unit of the time and frequency resources 
is called a resource unit (RU). In SC-FDMA, a consecutive 
frequency band is allocated to each user to achieve single 
carrier transmission with a low peak-to-average power ratio 
(PAPR). Allocation of the time and frequency resources in 
SC-FDMA is determined by a scheduler of the base station 
based on propagation conditions of respective users and the 
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quality of service (QoS) of data to be transmitted. The QoS 
includes a data rate, a desired error rate, and a delay. Thus, in 
SC-FDMA, the system throughput is improved by allocating 
time and frequency resources providing good propagation 
conditions to respective users. 
0015 Respective base stations separately determine allo 
cation of time and frequency resources. Therefore, a fre 
quency band allocated in a cell may overlap a frequency band 
allocated in a neighboring cell. If frequency bands allocated 
in neighboring cells partly overlap, signals interfere with each 
other and their quality is reduced. 
0016. Next, a reference signal in uplink SC-FDMA is 
described with reference to FIG. 2. FIG. 2 shows an example 
of a subframe structure. 
0017. The packet length of a TTI called a subframe is 1 ms. 
One subframe includes 14 blocks to be submitted to FFT. Two 
of the 14 blocks are used for transmission of a reference signal 
and the remaining 12 blocks are used for transmission of data. 
0018. The reference signal is time-division-multiplexed 
with a data channel. The transmission bandwidth is dynami 
cally changed according to the results of frequency schedul 
ing by the base station. When the transmission bandwidth 
decreases, the symbol rate decreases and the sequence length 
of a reference signal to be transmitted in a fixed time period 
decreases. When the transmission bandwidth increases, the 
symbol rate increases and the sequence length of a reference 
signal to be transmitted in a fixed time period increases. When 
a reference signal is to be transmitted using a narrow band, for 
example, a 180 kHz band that equals one resource unit or 12 
subcarriers, the number of symbols becomes 12. In this case, 
both the sequence length and the number of sequences 
become about 12. When a reference signal is to be transmitted 
using a wide band, for example, a 4.5 MHz band that equals 
25 resource units or 300 subcarriers, the number of symbols 
becomes 300. In this case, both the sequence length and the 
number of sequences become about 300. 
0019. Meanwhile, orthogonalization of multiple reference 
signals by using cyclically-shifted CAZAC sequences is pro 
posed. As shown in FIG. 3, when cyclically-shifted CAZAC 
sequences are used and all multipaths are within the amount 
of cyclic shift (cyclic shift amount), it is possible to orthogo 
nalize reference signals of different users and antennas. Even 
when different users transmit the same sequence at the same 
timing using the same frequency band, it is possible to 
orthogonalize the users by cyclically shifting the sequence. 
0020. It is also proposed to orthogonalize two reference 
signals by employing orthogonal covering. In orthogonal 
covering, as shown in FIG. 4, users 1 and 2 may use different 
CAZAC sequences and different cyclic shift amounts as long 
as the same CAZAC sequence and the same cyclic shift 
amount are used for two reference signals in a subframe. With 
this approach, after the two reference signals are despread, the 
users become orthogonal with each other. 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 
0021 However, the above background art technologies 
have problems as described below. 
0022. When the same frequency band with the same band 
width is used in the base station's own cell and an interfering 
cell, the cross-correlation (interference) between reference 
signals using CAZAC sequences becomes very low and 
therefore the communication quality is improved. 
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(0023. However, in SC-FDMA, since the frequency band 
and the bandwidth allocated to a user change from time to 
time according to scheduling results, it is rare that the same 
frequency band with the same bandwidth is allocated to both 
the user and an interfering station. In other words, in most 
cases, even if the bandwidths are the same, different fre 
quency bands are allocated to the user and the interfering 
station. In Such a case, the interference or correlation between 
a certain combination of CAZAC sequences may become 
high and the communication quality may be reduced. As 
described above, since the number of CAZAC sequences 
usable for reference signals is Small, CAZAC sequences are 
assigned cell by cell. If one CAZAC sequence is always used 
for a bandwidth in a cell, interference may become continu 
ously high in all frames and the communication quality may 
be reduced greatly depending on the combination of the band 
width used in the cell and a bandwidth used in an interfering 
cell. In W-CDMA, the interval between reference signals is 
very long. Therefore, even if high interference is observed in 
a frame, it is expected that the interference decreases in a 
Succeeding frame. 
0024. To prevent interference from becoming continu 
ously high in temporally-consecutive frames, one of the fol 
lowing two methods may be employed: sequence hopping 
where different CAZAC sequences are used in the consecu 
tive frames; and cyclic-shift hopping where the amount of 
cyclically shifting the CAZAC sequence in the time direction 
is changed (hopped) for each frame. 
0025. With the cyclic-shift hopping, since the number of 
cyclic shift amounts is limited to about six when the CP length 
and the delay spread are taken into account, the effect of 
interference randomization is limited. With the sequence hop 
ping, a greater effect of interference randomization can be 
expected particularly when a wide frequency band is used, 
i.e., when a large number of sequences are available. How 
ever, when a narrow frequency band, for example, one 
resource unit (RU), is used, only about 12 sequences can be 
generated. Therefore, even if the CAZAC sequences are ran 
domly changed (hopped), the same CAZAC sequence may be 
used about once in 12 frames in neighboring cells and as a 
result, a packet error may be caused. 
0026. One object of the present invention is to solve or 
reduce one or more of the above problems and to provide a 
base station, a mobile station, a radio communication system, 
and a communication control method that make it possible to 
flexibly reuse CAZAC reference signal sequences for mul 
tiple cells in an E-UTRA system and thereby to reduce the 
influence of characteristic degradation caused by cross-cor 
relation. 

Means for Solving the Problems 
0027. An aspect of the present invention provides a base 
station for communicating with a mobile station transmitting 
an uplink signal according to a single-carrier Scheme. One of 
sequence groups each specifying reference signal sequences 
for respective radio resource bandwidths is assigned to the 
base station, a different one of the sequence groups is 
assigned to a neighboring cell, and the mobile station trans 
mits the uplink signal including one of the reference signal 
sequences specified by one of the sequence groups assigned 
to the base station. The base station includes a scheduler 
configured to allocate radio resources such that one or more 
resource units are allocated to the mobile station for commu 
nication; a reporting unit configured to report the allocated 



US 2010/0067464 A1 

radio resources and a cyclic shift amount to the mobile sta 
tion; and a demodulating unit configured to demodulate the 
uplink signal received from the mobile station based on one of 
the reference signal sequences corresponding to one of the 
radio resource bandwidths and the cyclic shift amount. Cell 
reuse is applied to the reference signal sequences to be trans 
mitted using one resource unit, and sequence hopping where 
different ones of the reference signal sequences are assigned 
to consecutive subframes is applied to the reference signal 
sequences to be transmitted using a bandwidth greater than 
one resource unit. 

0028. Another aspect of the present invention provides a 
mobile station transmitting an uplink signal according to a 
single-carrier scheme. The mobile station includes a storage 
unit configured to store sequence groups each specifying 
reference signal sequences for respective radio resource 
bandwidths; a transmitting unit configured to determine one 
of the reference signal sequences corresponding to one of the 
radio resource bandwidths based on radio resources allocated 
by a base station, to shift the determined one of the reference 
signal sequences by a cyclic shift amountassigned by the base 
station, and to transmit the uplink signal including the shifted 
one of the reference signal sequences. Cell reuse is applied to 
the reference signal sequences to be transmitted using one 
resource unit, and sequence hopping where different ones of 
the reference signal sequences are assigned to consecutive 
Subframes is applied to the reference signal sequences to be 
transmitted using a bandwidth greater than one resource unit. 
0029. Another aspect of the present invention provides a 
radio communication system including a mobile station con 
figured to transmit an uplink signal according to a single 
carrier scheme; and a base station configured to communicate 
with the mobile station. One of sequence groups each speci 
fying reference signal sequences for respective radio resource 
bandwidths is assigned to the base station, and a different one 
of the sequence groups is assigned to a neighboring cell. The 
mobile station is configured to transmit the uplink signal 
including one of the reference signal sequences specified by 
one of the sequence groups assigned to the base station. The 
base station includes a scheduler configured to allocate radio 
resources such that one or more resource units are allocated to 
the mobile station for communication, a reporting unit con 
figured to report the allocated radio resources and a cyclic 
shift amount to the mobile station, and a demodulating unit 
configured to demodulate the uplink signal received from the 
mobile station based on one of the reference signal sequences 
corresponding to one of the radio resource bandwidths and 
the cyclic shift amount. The mobile station includes a storage 
unit configured to store the sequence groups; and a transmit 
ting unit configured to determine one of the reference signal 
sequences corresponding to one of the radio resource band 
widths based on the radio resources allocated by the base 
station, to shift the determined one of the reference signal 
sequences by the cyclic shift amount reported by the base 
station, and to transmit the uplink signal including the shifted 
one of the reference signal sequences. Cell reuse is applied to 
the reference signal sequences to be transmitted using one 
resource unit, and sequence hopping where different ones of 
the reference signal sequences are assigned to consecutive 
Subframes is applied to the reference signal sequences to be 
transmitted using a bandwidth greater than one resource unit. 
0030 Still another aspect of the present invention provides 
a communication control method used in a radio communi 
cation system including a mobile station transmitting an 
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uplink signal according to a single-carrier scheme and a base 
station communicating with the mobile station. One of 
sequence groups each specifying reference signal sequences 
for respective radio resource bandwidths is assigned to the 
base station and a different one of the sequence groups is 
assigned to a neighboring cell. The method including a radio 
resource allocation step, performed by the base station, of 
allocating radio resources such that one or more resource 
units are allocated to the mobile station for communication; a 
reporting step, performed by the base station, of reporting the 
allocated radio resources and a cyclic shift amount to the 
mobile station; a transmitting step, performed by the mobile 
station, of transmitting the uplink signal based on the radio 
resources and the cyclic shift amount reported by the base 
station; and a demodulating step, performed by the base sta 
tion, of demodulating the uplink signal received from the 
mobile station based on one of the reference signal sequences 
corresponding to one of the radio resource bandwidths and 
the cyclic shift amount. Cell reuse is applied to the reference 
signal sequences to be transmitted using one resource unit, 
and sequence hopping where different ones of the reference 
signal sequences are assigned to consecutive subframes is 
applied to the reference signal sequences to be transmitted 
using a bandwidth greater than one resource unit. 

ADVANTAGEOUSEFFECT OF THE INVENTION 

0031. An aspect of the present invention provides a base 
Station, a mobile station, a radio communication System, and 
a communication control method that make it possible to 
flexibly reuse CAZAC reference signal sequences for mul 
tiple cells in an E-UTRA system and thereby to reduce the 
influence of characteristic degradation caused by cross-cor 
relation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 is a drawing illustrating single-carrier 
FDMA; 
0033 FIG. 2 is a drawing illustrating reference signals 
used in single-carrier FDMA; 
0034 FIG. 3 is a drawing illustrating reference signals 
used in single-carrier FDMA; 
0035 FIG. 4 is a drawing illustrating reference signals 
used in single-carrier FDMA; 
0036 FIG. 5 is a drawing illustrating a radio communica 
tion system according to an embodiment of the present inven 
tion; 
0037 FIG. 6 is a table showing exemplary assignment of 
reference signal sequences according to an embodiment of 
the present invention; 
0038 FIG. 7 is a partial block diagram of a base station 
according to an embodiment of the present invention; 
0039 FIG. 8 is a partial block diagram of a mobile station 
according to an embodiment of the present invention; 
0040 FIG. 9 is a drawing illustrating an exemplary 
method of assigning reference signal sequences according to 
an embodiment of the present invention; 
0041 FIG. 10 is a drawing illustrating selective use of 
orthogonalization and interference randomization for base 
stations according to an embodiment of the present invention; 
and 
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0042 FIG. 11 is a flowchart showing a process in a radio 
communication system according to an embodiment of the 
present invention. 

EXPLANATION OF REFERENCES 

0043 50 Cell 
0044 100, 100, 100, 100, Mobile station 
0045 102 OFDM signal demodulation unit 
0046) 104 Uplink-scheduling-grant-signal demodula 
tion/decoding unit 

0047 106 Broadcast-channel demodulation/decoding 
unit 

0048, 108 Other-control-and-data-signals demodula 
tion/decoding unit 

0049. 110 Radio-frame-number-and-subframe-number 
COunter 

0050. 112 Cyclic-shift-amount determining unit 
0051) 114 Memory for storing RS sequence numbers 
associated with bandwidths in RS sequence groups 

0.052 116 Demodulation RS generating unit 
0053 118 Channel coding unit 
0054 120 Data modulation unit 
0055 122 SC-FDMA modulation unit 
0056 200 Base station 
0057 202 Broadcast channel generating unit 
0058. 204 OFDM signal generating unit 
0059 206 Radio-frame-number-and-subframe-number 
management unit 

0060) 208 Uplink-scheduling-grant-signal-transmis 
sion-control-signal generating unit 

0061. 210 Memory for storing RS sequence numbers 
associated with bandwidths in RS sequence groups 

0062. 212 Cyclic-shift-number determining unit 
0063. 214 Demodulation RS generating unit 
0064. 216 Synchronization-detection/channel-estima 
tion unit 

0065. 218 Channel decoding unit 
0066 220 Coherent detection unit 
0067 222 Uplink-channel-condition estimation unit 
0068 224 Scheduler 
0069. 300 Access gateway 
0070 400 Core network 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0071 Embodiments of the present invention are described 
below with reference to the accompanying drawings. 
Throughout the accompanying drawings, the same reference 
numbers are used for parts having the same functions, and 
overlapping descriptions of those parts are omitted. 
0072 A radio communication system 1000 including 
mobile stations and a base station according to an embodi 
ment of the present invention is described below with refer 
ence to FIG.S. 

0073. The radio communication system 1000 is based on, 
for example, Evolved UTRA and UTRAN (also called Long 
Term Evolution or Super 3G). The radio communication sys 
tem 1000 includes a base station (eNode B: eNB) 200 and 
mobile stations 100 (100, 100, 100. . . . 100; n is an 
integergreater than 0). The base station 200 is connected to an 
upper node such as an access gateway 300 and the access 
gateway 300 is connected to a core network 400. The mobile 
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stations 100, are in a cell 50 and communicate with the base 
station 200 according to Evolved UTRA and UTRAN. 
(0074 The mobile stations 100, (100,100,100, ...100) 
have the same configuration and functions and are therefore 
called the mobile station 100 or the mobile stations 100, in 
the descriptions below unless otherwise mentioned. In the 
descriptions below, mobile stations are used as examples of 
user equipment (UE) communicating with a base station. 
However, user equipment communicating with a base station 
may also include fixed terminals. 
0075. In the radio communication system 1000, orthogo 
nal frequency division multiplexing (OFDM) is used as the 
downlink radio access method and single-carrier frequency 
division multiple access (SC-FDMA) is used as the uplink 
radio access method. As described above, OFDM is a multi 
carrier transmission scheme where a frequency band is 
divided into multiple narrow frequency bands (subcarriers) 
and data are mapped to the Subcarriers for transmission. 
Meanwhile, SC-FDMA is a single-carrier transmission 
scheme where a frequency band is divided into multiple fre 
quency bands and the frequency bands are allocated to dif 
ferent terminals in order to reduce interference between the 
terminals. 

0076 Communication channels used in Evolved UTRA 
and UTRAN are described below. 
0077. For downlink, a physical downlink shared channel 
(PDSCH) shared by the mobile stations 100, and a physical 
downlink control channel (PDCCH) are used. The physical 
downlink control channel is also called a downlink L1/L2 
control channel. The physical downlink shared channel is 
used to transmit user data, i.e., a normal data signal. 
0078 For uplink, a physical uplink shared channel 
(PUSCH) shared by the mobile stations 100, and a physical 
uplink control channel are used. The physical uplink shared 
channel is used to transmit user data, i.e., a normal data signal. 
The physical uplink control channel is used to transmit a 
downlink channel quality indicator (CQI) used for scheduling 
and adaptive modulation and coding (AMC) of the physical 
downlink shared channel, and acknowledgement information 
for the physical downlink shared channel. The acknowledge 
ment information includes either acknowledgement (ACK) 
indicating normal reception of a transmitted signal or nega 
tive acknowledgement (NACK) indicating abnormal recep 
tion of a transmitted signal. 
007.9 The physical uplink control channel may also be 
used to transmit, in addition to the CQI and the acknowledge 
ment information, a scheduling request for requesting alloca 
tion of resources of an uplink shared channel and a release 
request used in persistent scheduling. Here, allocation of 
resources of an uplink shared channel indicates a process 
where a base station reports to a mobile station by using the 
physical downlink control channel in a subframe that the 
mobile station is allowed to communicate using the uplink 
shared channel in a Subsequent Subframe. 
0080. In the radio communication system 1000 of this 
embodiment, cell reuse is applied but sequence hopping is not 
applied to sequences used for reference signals (RS) using a 
narrow bandwidth. Meanwhile, sequences used for reference 
signals using a wide bandwidth are divided into groups the 
number of which is the same as the total number of sequences 
used for reference signals using a narrow bandwidth. The 
sequences in each group are assigned to different subframes, 
i.e., sequence hopping is performed using the sequences in 
each group. The total number of sequences used for reference 



US 2010/0067464 A1 

signals using a narrow bandwidth is equal to the cell reuse 
number. Hereafter, the groups of reference signal sequences 
associated with various bandwidths are called sequence 
groups. The number of the sequence groups is the same as the 
total number of sequences used for reference signals using a 
narrow bandwidth. This approach makes it possible to assign 
one of the sequence groups to a cell and to assign another one 
of the sequence groups to a neighboring cell. 
0081. Thus, in this embodiment, sequence hopping is not 
employed for reference signals using a narrow bandwidth, 
and sequence hopping is employed for reference signals 
using a wide bandwidth. As a result, the combination of used 
sequences changes from subframe to subframe. This in turn 
makes it possible to prevent continuous occurrence of high 
interference and thereby to reduce the probability of succes 
sive packet errors. 
0082 Let us assume that the number of reference signal 
(RS) sequences for the narrowest bandwidth W is N and the 
number of RS sequences for a bandwidth W that is X times 
greater than W is XN. The number of sequences depends on 
the sequence length when CAZAC sequences are used, and 
the sequence length is in proportion to the bandwidth in 
E-UTRA where the transmission interval of the reference 
signal is constant regardless of the bandwidth. Therefore, in 
E-UTRA, the number of sequences is proportional to the 
bandwidth. 

I0083. In this embodiment, N RS sequence groups are 
generated and a kth RS sequence group (kis an integergreater 
than or equal to 1 and less than or equal to N) for abandwidth 
W includes (W/W) sequences with sequence numbers k, 
k+N. . . . . and k+(W/W)N. With this method, an RS 
sequence does not belong to multiple RS sequence groups at 
the same time. In each cell, one of the NRS sequence groups 
is selected and used. Sequence hopping is performed using 
only the RS sequences assigned to the same bandwidth in the 
selected RS sequence group. 
0084. In the example shown in FIG. 6, one resource unit 
(RU) is the narrowest bandwidth and one RS sequence is 
provided for each RU in each of RS sequence groups 1-12. In 
FIG. 6, RS sequence A, B indicates the Bth sequence of RS 
sequences for a transmission bandwidth A. 
0085 For example, RS sequence group 1 is assigned to 
base station #1, RS sequence group 2 is assigned to base 
station #2,..., and RS sequence group 12 is assigned to base 
station #12. Thus, cell reuse where a set of sequence groups 
are cyclically assigned to different cells is employed in this 
embodiment. When a narrow bandwidth, for example, 1 RU, 
is used, sequence hopping is not employed, but cell reuse 
where a set of RS sequences are cyclically assigned to differ 
ent cells is employed. For example, RS sequence 1 is assigned 
to base station #1, RS sequence 2 is assigned to base station 
#2,..., and RS sequence 12 is assigned to base station #12. 
When 2 RUs are used, i.e., when the bandwidth of the refer 
ence signal is doubled, the number of sequences is also 
doubled. The doubled sequences are divided into groups the 
number of which equals the minimum number of sequences 
(12) Such that each group includes a pair of sequences to be 
assigned to a cell. The pair of sequences in a group do not 
belong to other groups at the same time. Sequence hopping is 
performed between the pair of sequences. For example, in a 
base station to which RS sequence group 1 is assigned, 
sequence 1 is used when the bandwidthis 1 RU and sequences 
1 and 13 are used when the bandwidth is 2 RUs. Similarly, in 
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a neighboring cell, sequence 2 is used when the bandwidth is 
1 RU and sequences 2 and 14 are used when the bandwidth is 
2 RUS. 

I0086. This approach makes it possible to prevent use of the 
same RS sequence in neighboring cells and also to randomize 
the interference by sequence hopping. 
0087 Next, the base station 200 of this embodiment is 
described with reference to FIG. 7. 

0088. The base station 200 of this embodiment includes a 
broadcast channel generating unit 202, an OFDM signal gen 
erating unit 204, a radio-frame-number-and-Subframe-num 
ber management unit 206, an uplink-scheduling-grant-sig 
nal-transmission-control-signal generating unit 208, a 
memory 210 for storing RS sequence numbers associated 
with bandwidths in RS sequence groups, a cyclic-shift-num 
ber determining unit 212, a demodulation RS generating unit 
214, a synchronization-detection/channel-estimation unit 
216, a channel decoding unit 218, a coherent detection unit 
220, an uplink-channel-condition estimation unit 222, and a 
scheduler 224. 

I0089. When cells are designed (base stations are 
installed), an uplink RS sequence group (number) is assigned 
to each cell. For each sequence group, sequence hopping 
patterns based on subframe numbers are predetermined by 
specifications for bandwidths of two or more RUs. Accord 
ingly, different RS sequence groups (numbers) are assigned 
to neighboring base stations. This approach makes it possible 
to randomize the interference. 

0090. An RS sequence group number assigned to the base 
station 200 is input to the broadcast channel generating unit 
202 and the memory 210. 
0091. The broadcast channel generating unit 202 gener 
ates a broadcast channel including the input RS sequence 
group number and a system frame number input from the 
radio-frame-number-and-Subframe-number management 
unit 206 described later, and inputs the broadcast channel to 
the OFDM signal generating unit 204. The OFDM signal 
generating unit 204 generates an OFDM signal including the 
broadcast channel and inputs the OFDM signal to a radio 
transmitter. As a result, the assigned uplink RS sequence 
group is reported via the broadcast channel to all users in the 
cell. 

0092. Meanwhile, uplink channels received from the 
mobile stations 100, are input to the synchronization-detec 
tion/channel-estimation unit 216, the coherent detection unit 
220, and the uplink-channel-condition estimation unit 222. 
0093. The synchronization-detection/channel-estimation 
unit 216 performs synchronization detection for the input 
received signals to estimate their reception timings, performs 
channel estimation based on demodulation reference signals 
input from the demodulation RS generating unit 214 
described later, and inputs the channel estimation results to 
the coherent detection unit 220. 

0094. The coherent detection unit 220 performs coherent 
detection for the received signals based on the channel esti 
mation results and allocated frequencies and bandwidths 
input from the scheduler 224 described later, and inputs the 
demodulated received signals to the channel decoding unit 
218. The channel decoding unit 218 decodes the demodulated 
received signals and generates reproduced data signals cor 
responding to selected user numbers input from the scheduler 
224. The generated reproduced data signals are transmitted to 
a network. 
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0095. The uplink-channel-condition estimation unit 222 
estimates uplink channel conditions of respective users based 
on the input received signals and inputs the estimated uplink 
channel conditions to the scheduler 224. 
0096. The scheduler 224 performs, for example, fre 
quency scheduling based on the input uplink channel condi 
tions of the respective users and QoS information of the users 
Such as requested data rates, buffer statuses, desired error 
rates, and delays. Then, the scheduler 224 inputs allocated 
frequencies and bandwidths to the uplink-scheduling-grant 
signal-transmission-control-signal generating unit 208, the 
memory 210, and the coherent detection unit 220, and inputs 
selected user numbers to the uplink-scheduling-grant-signal 
transmission-control-signal generating unit 208 and the 
channel decoding unit 218. 
0097. The cyclic-shift-number determining unit 212 
determines cyclic shift numbers based on, for example, coop 
erative control signals transmitted between synchronized 
cells and inputs the cyclic shift numbers to the uplink-sched 
uling-grant-signal-transmission-control-signal generating 
unit 208 and the demodulation RS generating unit 214. The 
cyclic shift numbers are associated with cyclic shift amounts. 
Assignment of the cyclic shift numbers is reported to the 
mobile stations 100, via, for example, a broadcast channel. 
0098. The radio-frame-number-and-subframe-number 
management unit 206 manages radio frame numbers and 
Subframe numbers, inputs a system frame number to the 
broadcast channel generating unit 202, and inputs the radio 
frame numbers and the subframe numbers to the memory 
210. 
0099. The memory 210 stores the correspondence 
between RS sequence group numbers, bandwidths in respec 
tive RS sequence groups, and RS sequence numbers as shown 
in FIG. 6. Also, the memory 210 selects RS sequence num 
bers corresponding to the allocated bandwidths input from 
the scheduler 224 and inputs the selected RS sequence num 
bers to the demodulation RS generating unit 214. 
0100. The demodulation RS generating unit 214 generates 
demodulation RSS based on the RS sequence numbers input 
from the memory 210 and the cyclic shift numbers input from 
the cyclic-shift-number determining unit 212, and inputs the 
demodulation RSs to the synchronization-detection/channel 
estimation unit 216. 
0101 The uplink-scheduling-grant-signal-transmission 
control-signal generating unit 208 generates a control signal 
(uplink-scheduling-grant-signal transmission control signal) 
including the allocated frequencies and bandwidths, the 
selected user numbers, and the assigned cyclic shift numbers, 
and inputs the control signal to the OFDM signal generating 
unit 204. The OFDM signal generating unit 204 generates an 
OFDM signal including the control signal and inputs the 
OFDM signal to the radio transmitter. As a result, the control 
signal is transmitted to scheduled users via a downlink control 
channel. 
0102 The OFDM signal generating unit 204 also gener 
ates an OFDM signal including downlink channels other than 
the broadcast channel and the control channel Such as a down 
link reference signal, a data channel, and a paging channel, 
and inputs the OFDM signal to the radio transmitter. As a 
result, the downlink channels are transmitted to the users. 
0103) Next, the mobile station 100, of this embodiment is 
described with reference to FIG. 8. 

0104. The mobile station 100 of this embodiment 
includes an OFDM signal demodulation unit 102, an uplink 
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scheduling-grant-signal demodulation/decoding unit 104, a 
broadcast-channel demodulation/decoding unit 106, an 
other-control-and-data-signals demodulation/decoding unit 
108, a radio-frame-number-and-subframe-number counter 
110, a cyclic-shift-amount determining unit 112, a memory 
114 for storing RS sequence numbers associated with band 
widths in RS sequence groups, a demodulation RS generating 
unit 116, a channel coding unit 118, a data modulation unit 
120, and an SC-FDMA modulation unit 122. The mobile 
station 100, decodes an uplink scheduling grant signal and if 
a selected user number corresponding to the mobile station 
100, is included in the uplink scheduling grant signal, gener 
ates and transmits a transmission signal. 
0105. A received signal from the base station 200 is input 
to the OFDM signal demodulation unit 102. The OFDM 
signal demodulation unit 102 demodulates the received sig 
nal, inputs the uplink-scheduling-grant-signal transmission 
control signal to the uplink-scheduling-grant-signal demodu 
lation/decoding unit 104, inputs the broadcast channel to the 
broadcast-channel demodulation/decoding unit 106, and 
inputs control and data signals other than the uplink-sched 
uling-grant-signal transmission control signal and the broad 
cast channel to the other-control-and-data-signals demodula 
tion/decoding unit 108. 
0106 The broadcast-channel demodulation/decoding unit 
106 demodulates and decodes the input broadcast channel, 
inputs the RS sequence group number to the memory 114, and 
inputs the system frame number to the radio-frame-number 
and-subframe-number counter 110. 

0.107 The radio-frame-number-and-subframe-number 
counter 110 counts radio frame numbers and subframe num 
bers and inputs the radio frame numbers and the subframe 
numbers to the memory 114. 
0108. The uplink-scheduling-grant-signal demodulation/ 
decoding unit 104 demodulates and decodes the input uplink 
scheduling grant signal, inputs the assigned cyclic shift num 
ber to the cyclic-shift-amount determining unit 112, inputs 
the allocated frequency to the SC-FDMA modulation unit 
122, and inputs the allocated bandwidth to the memory 114. 
0109 The memory 114 stores the correspondence 
between bandwidths in respective RS sequence groups and 
RS sequence numbers as shown in FIG. 6. The memory 114 
also stores the correspondence between RS sequence num 
bers and bandwidths in an RS sequence group assigned to the 
serving cell and reported by the base station 200. Further, the 
memory 114 selects an RS sequence number based on the RS 
sequence group number input from the broadcast-channel 
demodulation/decoding unit 106 and the allocated bandwidth 
input from the uplink-scheduling-grant-signal demodulation/ 
decoding unit 104, and inputs the selected RS sequence num 
ber to the demodulation RS generating unit 116. 
0110. The cyclic-shift-amount determining unit 112 deter 
mines a cyclic shift amount corresponding to the assigned 
cyclic shift number input from the uplink-scheduling-grant 
signal demodulation/decoding unit 104, and inputs the deter 
mined cyclic shift amount to the demodulation RS generating 
unit 116. 

0111. The demodulation RS generating unit 116 generates 
a demodulation RS based on the input RS sequence number 
and cyclic shift amount, and inputs the demodulation RS to 
the SC-FDMA modulation unit 122. 

0112 Meanwhile, the channel coding unit 118 performs 
channel coding on user data. Then, the data modulation unit 
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120 performs data modulation on the channel-coded user data 
and inputs the modulated user data to the SC-FDMA modu 
lation unit 122. 
0113. The SC-FDMA modulation unit (DFT-spread 
OFDM) 122 modulates the input demodulation RS and the 
user data based on the allocated frequency and outputs a 
transmission signal. 
0114. Next, an exemplary method of assigning reference 
signal sequences is described with reference to FIG. 9. 
0115. In FIG.9, it is assumed that RS sequence group 2 has 
already been assigned to a base station 200 and an RS 
sequence group is to be assigned to a base station 200. 
0116. An RS sequence group different from RS sequence 
group 2 assigned to the base station 200 is selected for the 
base station 200 to randomize the interference (step S902). 
For example, RS sequence group 1 is selected for the base 
station 200. 
0117 Uplink RS sequence groups are assigned to respec 

tive cells when the cells are designed (base stations are 
installed) (step S904). For each sequence group, sequence 
hopping patterns based on subframe numbers are predeter 
mined by specifications. 
0118. The base station 200 reports the assigned uplink RS 
sequence group via abroadcast channel to all users in the cell 
(step S906). 
0119 The base station 200 also reports cyclic shift 
amounts together with bandwidth allocation information to 
scheduled users via a downlink control channel (step S908). 
0120 Each scheduled mobile station (terminal) 100, 
determines an RS sequence used for the allocated bandwidth 
based on a table (FIG. 6) corresponding to the reported RS 
sequence group and an allocated subframe number, shifts the 
determined RS sequence by the cyclic shift amount reported 
via the control channel, and transmits an uplink channel 
including the shifted RS sequence (step S910). 
0121. In this embodiment, assigned reference signal 
sequence numbers are reported to terminals by reporting a 
sequence group number assigned to the serving cell to the 
terminal. Alternatively, cell IDs may be associated with 
sequence group numbers in advance, or reference signal 
sequence numbers may be reported from the serving cell to 
scheduled terminals together with control information indi 
cating a scheduling grant (uplink-scheduling-grant-signal 
transmission control signal). Associating cell IDs with 
sequence group numbers in advance eliminates the need to 
report the sequence group numbers to terminals. 
0122. In this embodiment, hopping patterns used for each 
sequence group are predetermined, i.e., sequence hopping 
patterns based on subframe numbers are predetermined by 
specifications for each sequence group. Alternatively, hop 
ping patterns may be reported to terminals from the base 
station. For example, hopping patterns may be reported via a 
broadcast channel, or hopping patterns determined by 
dynamic hopping control may be reported. 
0123. Also in this embodiment, the cyclic shift amount is 
reported as a part of format information for the uplink refer 
ence signal. More specifically, cyclic shift amounts associ 
ated with cyclic shift numbers are predetermined by the base 
station taking into account the cell radius and the delay spread 
and reported to terminals via a broadcast channel; and 
assigned cyclic shift amounts are reported dynamically to the 
terminals together with the scheduling grant. For example, 
the correspondence between cyclic shift numbers and cyclic 
shift amounts is predetermined and reported via broadcast 
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information, and after cyclic shift amounts are assigned, the 
corresponding cyclic shift numbers are reported to the termi 
nals. 
0.124. Also, orthogonal covering sequences may be 
reported as the format information for uplink reference sig 
nals. Orthogonal covering may be used for orthogonalization 
of multiple antennas of a MIMO user. When a user is 
requested to use MIMO, the user orthogonalizes reference 
signals from multiple antennas by orthogonal covering with 
out additional signaling. With orthogonal covering, the same 
CAZAC sequence and the same cyclic shift amount are used 
for two reference signals in a subframe. The orthogonal cov 
ering may also be used for orthogonalization of users. In this 
case, orthogonal covering sequences are reported dynami 
cally together with the scheduling grant. 
0.125. Next, selective use of orthogonalization and inter 
ference randomization is described with reference to FIG.10. 
I0126. In FIG. 10, it is assumed that uplink transmission 
timings of base station #1, base station #2, and base station #3 
are asynchronous. Each base station covers two sectors and 
transmission timings of sectors belonging to the same base 
station can be synchronized. 
I0127. The sectors can be orthogonalized by using different 
cyclic shift amounts even if the same RS sequence group is 
assigned. For example, although the same RS sequence group 
1 is assigned to sectors 1 and 2 of base station #1, sectors 1 and 
2 can be orthogonalized because different cyclic shift 
amounts are used. Similarly, although the same RS sequence 
group is assigned to sectors 1 and 2 of base station #2, sectors 
1 and 2 can be orthogonalized because different cyclic shift 
amounts are used. 
0128. Also, the interference between base stations #1 and 
#2 can be randomized by assigning different RS sequence 
groups to base stations #1 and #2. In this example, the inter 
ference is randomized by assigning RS sequence group 1 to 
base station #1 and assigning RS sequence group 2 to base 
station #2. 
I0129. In the case of a MIMO terminal, multiple antennas 
can be orthogonalized by orthogonal covering or by cyclic 
shifting. 
0.130. Also, different RS sequence groups may be assigned 
even to synchronized cells (e.g., sectors 1 and of base station 
#3) to achieve interference randomization. 
I0131. As described above, in this example, it is assumed 
that the base stations are not synchronized. In a case where 
base stations are synchronized, the same RS sequence group 
and different cyclic shift amounts may be assigned to the base 
stations to orthogonalize users using the same frequency band 
with the same bandwidth. 
0.132. Next, a process in the radio communication system 
1000 of this embodiment is described with reference to FIG. 
11. 
0.133 Here, it is assumed that an RS sequence group is 
assigned in advance to the base station 200. In each user 
terminal, information regarding all RS sequence groups 
available in the system (correspondence between sequence 
groups and RS sequences and correspondence between RS 
sequences and Subframe/radio frame numbers (hopping pat 
terns)) is stored in advance. User terminal 2 employs multi 
antenna MIMO. 

I0134. The base station 200 transmits system information 
via a broadcast channel (step S1102). For example, the base 
station 200 broadcasts an RS sequence group number and a 
system frame number. 
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0135 The base station 200 also transmits a paging channel 
(step S1104). For example, the base station 200 transmits a 
paging channel to page user terminals 1 and 2, i.e., when there 
are incoming calls for the user terminals 1 and 2. 
0136. In response to the paging channel, the user terminals 
1 and 2 transmit random access channels for initial access 
(steps S1106 and S1108), The base station 200 and the user 
terminals 1 and 2 exchange control channels (steps S1110 and 
S1112). As a result, radio links are established between the 
base station 200 and the user terminals 1 and 2. At this stage, 
the base station 200 recognizes that the user terminal 2 is a 
MIMO terminal. 
0.137 After the above steps are conducted, packet commu 
nications based on downlink scheduling are enabled. The user 
terminals 1 and 2 transmit wideband Sounding reference sig 
nals for CQI measurement at predetermined intervals. 
0.138. The base station 200 performs scheduling for the 
user terminal 1 (step S1114). 
0.139. The base station 200 transmits an uplink scheduling 
grant signal to the user terminal 1 (step S1116). The uplink 
scheduling grant signal includes a selected user number, an 
allocated frequency band for uplink, and an assigned cyclic 
shift number. 
0140. The user terminal 1 determines an assigned RS 
sequence based on the allocated bandwidth, the subframe 
number, and the radio frame number used for transmission. 
The user terminal 1 shifts the RS sequence by a cyclic shift 
amount corresponding to the cyclic shift number reported by 
the uplink scheduling grant signal and transmits an uplink 
channel including the shifted RS sequence (step S1118). 
0141. The base station 200 performs scheduling for the 
user terminal 2 (step S1120). 
0142. The base station 200 transmits an uplink scheduling 
grant signal to the user terminal 2 (step S1122). The uplink 
scheduling grant signal includes a selected user number, an 
allocated frequency band for uplink, and an assigned cyclic 
shift number. 
0143. The user terminal 2 determines an assigned RS 
sequence based on the allocated bandwidth, the subframe 
number, and the radio frame number used for transmission. 
The user terminal 2, which is a MIMO terminal, shifts the RS 
sequence by a cyclic shift amount corresponding to the cyclic 
shift number reported by the uplink scheduling grant signal 
and transmits the shifted RS sequence from respective anten 
nas 1 and 2 after multiplying the RS sequence by the corre 
sponding orthogonal covering sequence predetermined by 
the system (step S1124). 
0144. The descriptions and drawings in the above embodi 
ments should not be construed to be limiting the present 
invention. A person skilled in the art may think of variations 
of the above embodiments from the descriptions. 
0145. In other words, the present invention may also 
include various embodiments not disclosed above. Therefore, 
the technical scope of the present invention should be deter 
mined based on proper understanding of the claims with 
reference to the above descriptions. 
0146 Although the present invention is described above in 
different embodiments, the distinctions between the embodi 
ments are not essential for the present invention, and the 
embodiments may be used individually or in combination. 
Although specific values are used in the above descriptions to 
facilitate the understanding of the present invention, the val 
ues are just examples and different values may also be used 
unless otherwise mentioned. 

Mar. 18, 2010 

0147 The present invention is not limited to the specifi 
cally disclosed embodiments, and variations and modifica 
tions may be made without departing from the scope of the 
present invention. Although functional block diagrams are 
used to describe apparatuses in the above embodiments, the 
apparatuses may be implemented by hardware, Software, or a 
combination of them. 
0.148. The present international application claims priority 
from Japanese Patent Application No. 2007-073728 filed on 
Mar. 20, 2007, the entire contents of which are hereby incor 
porated herein by reference. 

1. A base station for communicating with a mobile station 
transmitting an uplink signal according to a single-carrier 
scheme, wherein one of sequence groups each specifying 
reference signal sequences for respective radio resource 
bandwidths is assigned to the base station, a different one of 
the sequence groups is assigned to a neighboring cell, and the 
mobile station transmits the uplink signal including one of the 
reference signal sequences specified by the one of the 
sequence groups assigned to the base station, the base station 
comprising: 

a scheduler configured to allocate radio resources such that 
one or more resource units are allocated to the mobile 
station for communication; 

a reporting unit configured to report the allocated radio 
resources and a cyclic shift amount to the mobile station; 
and 

a demodulating unit configured to demodulate the uplink 
signal received from the mobile station based on the one 
of the reference signal sequences corresponding to one 
of the radio resource bandwidths and the cyclic shift 
amount, wherein 

cell reuse is applied to the reference signal sequences to be 
transmitted using one resource unit; and 

sequence hopping where different ones of the reference 
signal sequences are assigned to consecutive subframes 
is applied to the reference signal sequences to be trans 
mitted using a bandwidth greater than one resource unit. 

2. The base station as claimed in claim 1, further compris 
ing: 

a broadcasting unit configured to broadcast the one of the 
sequence groups assigned to the base station to the 
mobile station. 

3. The base station as claimed in claim 1, wherein 
one of the reference signal sequences to be transmitted 

using one resource unit is statically assigned to the base 
station; 

the reference signal sequences to be transmitted using the 
bandwidth greater than one resource unit are divided 
into sequence groups the number of which equals a total 
number of the reference signal sequences to be transmit 
ted using one resource unit; and 

the reference signal sequences in each one of the sequence 
groups are assigned to different subframes. 

4. The base station as claimed in claim 3, wherein 
when one resource unit is a minimum bandwidth W, a 

number of the reference signal sequences using the 
minimum bandwidth W is N, and a number of the 
reference signal sequences using a bandwidth W that is 
X times greater than the minimum bandwidth W is 
XN, N sequence groups are generated; and 

a kth sequence group (k is an integer greater than or equal 
to 1 and less than or equal to N) includes (W/W) 



US 2010/0067464 A1 

reference signal sequences with sequence numbers k, 
k+N. . . . . and k+(W/W)N for the bandwidth W. 

5. The base station as claimed inclaim 4, wherein one of the 
N sequence groups is assigned to the base station. 

6. The base station as claimed in claim 4, wherein when a 
radio resource bandwidth allocated to the mobile station is 
W, the sequence hopping is performed using the (W/W) 
reference signal sequences with sequence numbers k, k+N,. 
... and k+(W/W)N. 

7. The base station as claimed in claim 6, wherein one or 
more hopping patterns are predetermined for each of the N 
Sequence groups. 

8. The base station as claimed in claim 1, wherein the 
reference signal sequences are CAZAC sequences. 

9. A mobile station transmitting an uplink signal according 
to a single-carrier scheme, comprising: 

a storage unit configured to store sequence groups each 
specifying reference signal sequences for respective 
radio resource bandwidths: 

a transmitting unit configured to determine one of the ref 
erence signal sequences corresponding to one of the 
radio resource bandwidths based on radio resources 
allocated by a base station, to shift the determined one of 
the reference signal sequences by a cyclic shift amount 
assigned by the base station, and to transmit the uplink 
signal including the shifted one of the reference signal 
sequences, wherein 

cell reuse is applied to the reference signal sequences to be 
transmitted using one resource unit; and 

sequence hopping where different ones of the reference 
signal sequences are assigned to consecutive subframes 
is applied to the reference signal sequences to be trans 
mitted using a bandwidth greater than one resource unit. 

10. The mobile station as claimed in claim 9, wherein 
one of the reference signal sequences to be transmitted 

using one resource unit is statically assigned to the base 
station; 

the reference signal sequences to be transmitted using the 
bandwidth greater than one resource unit are divided 
into sequence groups the number of which equals a total 
number of the reference signal sequences to be transmit 
ted using one resource unit; and 

the reference signal sequences in each one of the sequence 
groups are assigned to different subframes. 

11. The mobile station as claimed in claim 10, wherein one 
or more hopping patterns are predetermined for each of the 
Sequence groups. 

12. The mobile station as claimed in claim 9, wherein 
the mobile station includes multiple antennas; and 
the transmitting unit is configured to use the same one of 

the reference signal sequences for two reference signals 
in a subframe. 

13. The mobile station as claimed in claim 9, wherein the 
reference signal sequences are CAZAC sequences. 

14. A radio communication system, comprising: 
a mobile station configured to transmit an uplink signal 

according to a single-carrier scheme; and 
a base station configured to communicate with the mobile 

station, wherein 
one of sequence groups each specifying reference signal 

sequences for respective radio resource bandwidths is 
assigned to the base station; 

a different one of the sequence groups is assigned to a 
neighboring cell; 
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the mobile station is configured to transmit the uplink 
signal including one of the reference signal sequences 
specified by one of the sequence groups assigned to the 
base station; 

the base station includes 

a scheduler configured to allocate radio resources such that 
one or more resource units are allocated to the mobile 
station for communication, 

a reporting unit configured to report the allocated radio 
resources and a cyclic shift amount to the mobile station, 
and 

a demodulating unit configured to demodulate the uplink 
signal received from the mobile station based on the one 
of the reference signal sequences corresponding to one 
of the radio resource bandwidths and the cyclic shift 
amount; 

the mobile station includes 

a storage unit configured to store the sequence groups, and 
a transmitting unit configured to determine the one of the 

reference signal sequences corresponding to the one of 
the radio resource bandwidths based on the radio 
resources allocated by the base station, to shift the deter 
mined one of the reference signal sequences by the 
cyclic shift amount reported by the base station, and to 
transmit the uplink signal including the shifted one of 
the reference signal sequences; 

cell reuse is applied to the reference signal sequences to be 
transmitted using one resource unit; and 

sequence hopping where different ones of the reference 
signal sequences are assigned to consecutive subframes 
is applied to the reference signal sequences to be trans 
mitted using a bandwidth greater than one resource unit. 

15. A communication control method used in a radio com 
munication system including a mobile station transmitting an 
uplink signal according to a single-carrier scheme and a base 
station communicating with the mobile station, wherein one 
of sequence groups each specifying reference signal 
sequences for respective radio resource bandwidths is 
assigned to the base station and a different one of the 
sequence groups is assigned to a neighboring cell, the method 
comprising: 

a radio resource allocation step, performed by the base 
station, of allocating radio resources such that one or 
more resource units are allocated to the mobile station 
for communication; 

a reporting step, performed by the base station, of reporting 
the allocated radio resources and a cyclic shift amount to 
the mobile station; 

a transmitting step, performed by the mobile station, of 
transmitting the uplink signal based on the radio 
resources and the cyclic shift amount reported by the 
base station; and 

a demodulating step, performed by the base station, of 
demodulating the uplink signal received from the 
mobile station based on one of the reference signal 
sequences corresponding to one of the radio resource 
bandwidths and the cyclic shift amount, wherein 

cell reuse is applied to the reference signal sequences to be 
transmitted using one resource unit; and 

sequence hopping where different ones of the reference 
signal sequences are assigned to consecutive subframes 
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is applied to the reference signal sequences to be trans 
mitted using a bandwidth greater than one resource unit. 

16. The mobile station as claimed in claim 10, wherein 
the mobile station includes multiple antennas; and 
the transmitting unit is configured to use the same one of 

the reference signal sequences for two reference signals 
in a subframe. 
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17. The mobile station as claimed in claim 11, wherein 
the mobile station includes multiple antennas; and 
the transmitting unit is configured to use the same one of 

the reference signal sequences for two reference signals 
in a subframe. 


