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BASE STATION AND WIRELESS 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

0001. This invention relates to a wireless communication 
system which enables a plurality of base stations to cooperate 
with one another in transmitting and receiving data to and 
from at least one wireless communication terminal. 
0002. In wireless communication, a wireless communica 
tion terminal at the cell edge cannot obtain a sufficient user 
rate because the signal-to-interference-and-noise ratio 
(SINR) is deteriorated by the attenuation with distance of a 
desired wave power from a base station to which the wireless 
communication terminal belongs and by the influence of 
interference waves from adjacent base stations. 
0003. As a technology that solves this problem and 
improves the user rate of a wireless communication terminal 
at the cell edge, base station cooperation technology is known 
in which base stations cooperate with one another in trans 
mitting and receiving data to and from a wireless communi 
cation terminal. 
0004. The base station cooperation technology continues 

to be considered for Long Term Evolution (LTE) of 3rd Gen 
eration Partnership Project (3GPP) (see, for example, 3GPP 
TS 36.201 v8.1.0 (2007-11), and 3GPP TS 36.211, TS 
36.212, TS 36.213 v8.4.0 (2008-9)), which has been decided 
all over the world to be employed as 3.9-generation wireless 
communication systems, and is expected to be incorporated 
in the standards of Long Term Evolution-Advanced (LTE-A) 
(see, for example, 3GPP TR36.814 V0.0.1 (2008-9)), which 
is the successor of LTE and one of the candidates for the 
fourth-generation wireless communication systems. 
0005 Known concrete data transmission methods in 
which base stations cooperate with one another include inter 
ference avoidance and network Multiple Input Multiple Out 
put (MIMO) (see, for example, Laurence Mailaender, 
“Indoor Network MIMO Performance with Regularized 
Zero-Forcing Transmission.” IEEE ISSSTA 2008, pp. 129 
132, August 2008). 
0006 Interference avoidance is a technology in which 
base stations each use Beam Forming (BF) to give high direc 
tivity to transmission signals in a manner that prevents signals 
of adjacent base stations from overlapping one another, 
thereby avoiding interference and improving SINR. 
0007 Network MIMO is an expansion of conventional 
MIMO transmission, which uses a plurality of antennas pro 
vided in one base station. Network MIMO uses a plurality of 
antennas provided in a plurality of base stations to perform 
MIMO transmission. 
0008. The following description of this invention focuses 
on network MIMO. It should be noted, however, that this 
invention is not limited to network MIMO and is applicable to 
other methods. 
0009 Network MIMO operation described here is classi 
fied into single-user transmission (SU transmission) and 
multi-user MIMO transmission (MU-MIMO transmission). 
0010. The premise of this invention is that wireless 
resources are multiplexed by Orthogonal Frequency Division 
Multiple Access (OFDMA), which is employed for downlink 
(downstream) in LTE. However, this invention is not limited 
to OFDMA and is applicable to other multiplexing methods 
such as Time Division Multiple Access (TDMA) and Code 
Division Multiple Access (CDMA). 
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0011. In SU transmission, a base station selects one wire 
less communication terminal and transmits data to the 
selected wireless communication terminal. 

0012. A wireless communication terminal in SU transmis 
sion receives pilot signals from a base station to which the 
wireless communication terminal belongs and from adjacent 
base stations, and estimates the channel. 
0013 Based on the result of estimating the channel, the 
wireless communication terminal calculates the quality of the 
channel to be obtained in the case where network MIMO 
transmission is used, the number of MIMO ranks, and a 
desired precoding matrix. 
0014. The wireless communication terminal transmits at 
least one of the above-mentioned calculated items and a list of 
base stations that participate in cooperative transmission to 
the base station to which the wireless communication termi 
nal belongs, with the use of an uplink (upstream) control 
signal. 
0015 The base station that receives the control signal noti 
fies information contained in the received control signal to a 
cooperation scheduler, which executes wireless resource 
allocation in base station cooperation. 
0016. The cooperation scheduler selects an optimum wire 
less communication terminal, a data transmission method, a 
subcarrier to be used, and the like based on the notified 
information, and notifies the selection results to the base 
stations that participate in cooperative transmission. An opti 
mum wireless communication terminal can be selected for 
each Subcarrier of OFDMA. 

0017 For example, network MIMO transmission between 
base stations 1 and 2 and wireless communication terminals 1 
and 2 may be carried out such that the base stations 1 and 2 
transmit by network MIMO transmission to the wireless com 
munication terminal 1 on Subcarriers 1 to 12, and to the 
wireless communication terminal 2 on subcarriers 13 to 24. 

0018 Network MIMO transmission methods that can be 
employed in SU transmission may include a method that uses 
Open-Loop MIMO transmission where a wireless communi 
cation terminal does not need to specify a precoding matrix, 
and the wireless communication terminal uses Minimum 
Mean Square Error (MMSE) or Maximum Likelihood Detec 
tion (MLD) as in normal MIMO, a method that uses Closed 
Loop MIMO transmission such as Eigen Space Division 
Multiplexing (E-SDM), and a method that is used in, for 
example, transmit diversity Such as Space Time Transmit 
Diversity (STTD). 
0019. In any of the methods given above, base stations 
participating in cooperative transmission exchange data nec 
essary for cooperative transmission with one another before 
transmitting to a wireless communication terminal, generate 
signals in accordance with the employed method, and trans 
mit the generated signals to the target wireless communica 
tion terminal. The wireless communication terminal decodes 
the signals in accordance with the method selected by the base 
stations, and obtains the data. 
0020. The wireless communication terminal that is the 
target of network MIMO transmission receives a desired sig 
nal from the base stations participating in cooperation, and 
the channel capacity is therefore markedly improved in any of 
the methods given above. 
0021 MU-MIMO transmission is an application of 
MIMO in which data is transmitted to a plurality of wireless 
communication terminals. 
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0022. In MU-MIMO transmission, as in transmission to a 
single wireless communication terminal, a wireless commu 
nication terminal receives pilot signals from a base station to 
which the wireless communication terminal belongs and 
from adjacent base stations, and estimates the channel. 
0023 Based on the result of estimating the channel, the 
wireless communication terminal calculates the quality of the 
channel to be obtained in the case where network MIMO 
transmission is used, the number of MIMO ranks, a desired 
precoding matrix, and channel matrices of a plurality of base 
stations. 

0024. The wireless communication terminal transmits at 
least one of the above-mentioned calculated items and a list of 
base stations that participate in cooperative transmission to 
the base station to which the wireless communication termi 
nal belongs, with the use of an uplink control signal. 
0025. The base station that receives the control signal noti 

fies information contained in the received control signal to a 
cooperation scheduler, which executes wireless resource 
allocation in base station cooperation. 
0026. The cooperation scheduler selects an optimum com 
bination of wireless communication terminals, a data trans 
mission method, a Subcarrier to be used, and the like based on 
the notified information, and notifies the selection results to 
the base stations that participate in cooperative transmission. 
An optimum combination of wireless communication termi 
nals can be selected for each subcarrier of OFDMA. 

0027. For example, network MIMO transmission between 
base stations 1 and 2 and wireless communication terminals 
1, 2 and 3 may be carried out such that the base stations 1 and 
2 transmit by network MIMO transmission to the wireless 
communication terminals 1 and 2 on Subcarriers 1 to 12, and 
to the wireless communication terminals 2 and 3 on Subcar 
riers 13 to 24. 

0028 Network MIMO transmission methods that can be 
employed in MU-MIMO transmission may include a method 
that uses Zero Forcing (ZF) where the transmission side per 
forms precoding with the use of an inverse matrix of a channel 
matrix, and a method that uses Dirty Paper Coding (DPC) 
where the channel capacity is improved by utilizing informa 
tion about an interference signal. 
0029 ZF can be implemented based on a simple principle, 
but has a problem in that amplification exceeding the upper 
limit of transmission power is necessary depending on the 
inverse matrix of a channel matrix, which degrades the chan 
nel capacity. 
0030 DPC, on the other hand, is superior to ZF interms of 
channel capacity but has a problem in that the amount of 
calculation is large. One of known DPC implementation 
methods that alleviate the problem is a method that uses LQ 
decomposition. 
0031. In the method that uses LQ decomposition, a chan 
nel matrix is decomposed into a lower triangular matrix and a 
product of unitary matrices. The transmission side executes 
advance equalization processing based on the lower triangu 
lar matrix, and executes precoding through Hermitian trans 
position of the unitary matrices. This procedure requires an 
amount of calculation that can be implemented in practice 
and, because unitary matrices are used in precoding, does not 
cause the extreme amplification of signal amplitude as in ZF. 
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As a result, interference from adjacent cells is cancelled in a 
wireless communication terminal and the channel capacity is 
therefore improved. 

SUMMARY OF THE INVENTION 

0032. In the case of MIMO transmission in a wireless 
communication system where base stations cooperate with 
one another to transmit data, a wireless communication ter 
minal needs to periodically transmit the quality of a channel 
between the wireless communication terminal and a base 
station to which the wireless communication terminal 
belongs, the quality of the channel in cooperative transmis 
sion, the number of MIMO ranks, and an index of a desired 
precoding matrix to the base station with the use of uplink 
wireless resources. 
0033. When the MIMO transmission is transmission to a 
plurality of wireless communication terminals, the wireless 
communication terminal further needs to transmit a matrix of 
channels between the wireless communication terminal and 
all base stations participating in cooperative transmission to 
the base station with the use of uplink wireless resources. 
0034. In the case of multicarrier transmission such as 
OFDMA, considering the influence of frequency-selective 
fading, information necessary for base station cooperation is 
desirably transmitted to base stations on a Subband-basis as 
described above. 
0035. A subband here means aband formed by bundling a 
plurality of consecutive Subcarriers together, and the entire 
band of the system can be divided into a plurality of subbands. 
At least one resource block is present in a single Subband. 
0036) Each wireless communication terminal spends 
uplink wireless resources to transmit information necessary 
for base station cooperation to the base station as described 
above. Accordingly, an increase in the number of wireless 
communication terminals belonging to the base station means 
a larger consumption of uplink wireless resources for the 
transmission of information necessary for base station coop 
eration, and cuts into uplink wireless resources that are used 
for user data transmission. This is a serious problem when the 
increasing popularity of Such applications as IP phone and 
Video uploading is taken into account. 
0037 Another problem of data transmission in which base 
stations cooperate with one another is that the amount of 
calculation for allocating wireless resources, namely, the pro 
cessing amount of the cooperation scheduler, increases. 
0038 Take as an example the allocation of wireless 
resources to one resource block. The term resource block here 
means the unit by which wireless resources are allocated, and 
each resource block is an aggregation of consecutive Subcar 
riers. 
0039. In non-cooperative data transmission which 
involves a single base station, the cooperation scheduler 
selects for SU transmission an optimum wireless communi 
cation terminal from among wireless communication termi 
nals that belong to the base station, and selects for MU 
MIMO transmission an optimum combination of wireless 
communication terminals from among the wireless commu 
nication terminals that belong to the base station. 
0040. In data transmission where base stations cooperate 
with one another, the cooperation scheduler needs to select an 
optimum wireless communication terminal, or an optimum 
combination of wireless communication terminals, from 
among all wireless communication terminals that belong to 
the respective base stations participating in the cooperation. 
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0041 Further, there is a plurality of possible combinations 
concerning which base stations are to participate in the coop 
eration, which of the cooperation methods described above is 
to be employed, and the like. The amount of calculation 
required for wireless resource allocation is therefore larger in 
cooperative transmission than in transmission from a single 
base station. 
0042. The increase in the amount of calculation for wire 
less resource allocation is a huge problem in putting coopera 
tive transmission into practice because the actual number of 
resource blocks is large (for example, a number of the maxi 
mum resource block in LTE is 110). 
0043. To summarize, data transmission in which base sta 
tions cooperate with one another has the following two prob 
lems. Firstly, the transmission of information necessary for 
base station cooperation from a wireless communication ter 
minal to a base station cuts into other uses of uplink wireless 
resources. Secondly, the cooperation scheduler needs to 
handle a larger amount of calculation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044 FIG. 1 is a sequence diagram illustrating processing 
that is executed after the sequence of FIG. 13, form a recep 
tion of user data destined to the wireless communication 
terminal by the base station from the gateway device, to a 
cooperative transmission through MU-MIMO transmission 
according to the first embodiment of this invention. 
0045 FIG. 2 is a diagram illustrating the configuration of 
a network according to the first embodiment of this invention. 
0046 FIG. 3 is a block diagram illustrating the configura 
tion of a base station according to the first embodiment of this 
invention. 
0047 FIG. 4 is a block diagram illustrating the configura 
tion of a wireless communication terminal according to the 
first embodiment of this invention. 
0048 FIG. 5A is a block diagram illustrating the configu 
ration of the cooperation scheduler according to the first 
embodiment of this invention. 
0049 FIG.5B is a diagram illustrating a database included 
in the cooperation scheduler according to the first embodi 
ment of this invention. 
0050 FIG. 6 is a flow chart illustrating processing that is 
executed when the in-station scheduler receives a scheduling 
request from the data signal processing module or the control 
signal processing module according to the first embodiment 
of this invention. 
0051 FIG. 7A is a flow chart illustrating processing that is 
executed when the control signal processing module receives 
a request to transmit a cooperation information request signal 
from the in-station scheduler according to the first embodi 
ment of this invention. 
0052 FIG. 7B is a flow chart illustrating processing that is 
executed when the control signal processing module receives 
a resource allocation result from the in-station scheduler 
according to the first embodiment of this invention. 
0053 FIG.7C is a flow chart illustrating processing that is 
executed when the control signal processing module receives 
a resource allocation request signal from the wireless com 
munication terminal according to the first embodiment of this 
invention. 
0054 FIG. 8A is a flow chart illustrating processing that is 
executed when the data signal processing module receives a 
resource allocation result from the in-station scheduler 
according to the first embodiment of this invention. 
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0055 FIG. 8B is a flow chart illustrating processing that is 
executed when the data signal processing module receives 
user data that is destined to one of the wireless communica 
tion terminals from the gateway device according to the first 
embodiment of this invention. 
0056 FIG.9A is a flow chart illustrating processing that is 
executed when the control signal processing module receives 
a resource allocation signal from the base station according to 
the first embodiment of this invention. 
0057 FIG.9B is a flow chart illustrating processing that is 
executed when the control signal processing module receives 
a cooperation information request signal from the base sta 
tions according to the first embodiment of this invention. 
0.058 FIG. 10 is a flow chart illustrating processing that is 
executed when the cooperation scheduler receives a coopera 
tion scheduling request from the in-station scheduler accord 
ing to the first embodiment of this invention. 
0059 FIG. 11A is a diagram illustrating the packet format 
of the cooperation information request signal according to the 
first embodiment of this invention. 
0060 FIG. 11B is a diagram illustrating the packet format 
of the resource allocation signal according to the first embodi 
ment of this invention. 
0061 FIG. 12A is a diagram illustrating the packet format 
of a cooperation information notification signal for Open 
Loop MIMO according to the first embodiment of this inven 
tion. 
0062 FIG.12B is a diagram illustrating the packet format 
of a cooperation information notification signal for 
MU-MIMO according to the first embodiment of this inven 
tion. 
0063 FIG. 13 is a sequence diagram illustrating process 
ing form a reception of pilot signals by the wireless commu 
nication terminal from the base station, to a transmission of 
information necessary for single-base station transmission by 
the wireless communication terminal to the base station 
according to the first embodiment of this invention. 
0064 FIG. 14 is a sequence diagram illustrating process 
ing form the reception of user data destined to the wireless 
communication terminal by the base station from the gateway 
device, to cooperative transmission through SU transmission 
according to the second embodiment of this invention. 
0065 FIG. 15 is a sequence diagram illustrating process 
ing that is executed in the case where the base station request 
information necessary for cooperative transmission before 
user data arrives at the wireless communication terminal 
according to the third embodiment of this invention. 
0.066 FIG. 16 is a sequence diagram illustrating process 
ing that is executed when the wireless communication termi 
nal that has been at the cell center at first and has used 
single-base station transmission moves to the cell edge and 
comes to need cooperative transmission according to the 
fourth embodiment of this invention. 
0067 FIG. 17 is a sequence diagram illustrating process 
ing according to the fifth embodiment of this invention that is 
executed in the case where the wireless communication ter 
minal that has at the cell edge at first and has used data 
transmission by cooperating transmission moves to the cell 
center and Switches to single-base station transmission. 
0068 FIG. 18 is a diagram for explaining a resource grid 
upon cooperative transmission according to the third embodi 
ment of this invention. 
0069 FIG. 19A is a diagram illustrating subbands accord 
ing to the sixth embodiment of this invention. 
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0070 FIG. 19B is a diagram illustrating an association 
relation between a number of the resource block and a number 
of the Subband according to the sixth embodiment of this 
invention. 
0071 FIG.20 is a diagram illustrating effects according to 
the first embodiment or the second embodiment of this inven 
tion. 
0072 FIG. 21A is a graph illustrating changes in the num 
ber of bits in an uplink wireless resource band that is used by 
one wireless communication terminal for one feedback trans 
mission session in the case where the cooperating wireless 
communication terminal ratio is changed based on the packet 
format of the cooperation information notification signal of 
FIG 12A. 
0073 FIG.21B is a graph illustrating changes in the num 
ber of bits in an uplink wireless resource band that is used by 
one wireless communication terminal for one feedback trans 
mission session in the case where the cooperating wireless 
communication terminal ratio is changed based on the packet 
format of the cooperation information notification signal of 
FIG. 12B. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0074 The premise of description given below on embodi 
ments of this invention is that the choice of multiplexing 
method follows the example of 3GPP LTE, specifically, 
OFDMA for downlink data transmission and Single Carrier 
Frequency Division Multiple Access (SC-FDMA) for uplink 
data transmission. However, this invention is not limited to a 
wireless communication system that uses these methods, and 
is applicable to other multiplexing methods including CDMA 
and TDMA. 

First Embodiment 

0075. In a first embodiment of this invention, a base station 
requests information necessary for cooperative transmission 
(hereinafter, referred to as cooperation information) from a 
wireless communication terminal that has failed to be allo 
cated a wireless resource through single-base station trans 
mission, a cooperation scheduler refers to the collected coop 
eration information and decides on MU-MIMO transmission, 
and the base station executes MU-MIMO transmission fol 
lowing the decision. This series of processing steps is 
described below. 
0076. Described first are the overall network configuration 
and the configurations of a base station and a wireless com 
munication terminal. 
0077 FIG. 2 is a diagram illustrating the configuration of 
a network according to the first embodiment of this invention. 
0078. The network includes a core network 1, a gateway 
device 2, base stations 100, and a cooperation scheduler 190. 
007.9 The base stations 100 each constitute a cell. Wire 
less communication terminals 200 are scattered within each 
cell constituted of one base station 100, and each wireless 
communication terminal 200 belongs to one of the base sta 
tions 100. 

0080. The base stations 100 are connected to the core 
network 1 via the gateway device 2. In the first embodiment of 
this invention, the base stations 100 and the gateway device 2 
are connected by cables with the use of optical fibers or the 
like. It should be noted that the connection between the base 
station 100 and the gateway device 2 may be wireless. 
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I0081. The cooperation scheduler 190 executes wireless 
resource allocation in data transmission where the base sta 
tions 100 cooperate with one another (hereinafter, referred to 
as cooperative transmission). 
0082 In the first embodiment of this invention, each base 
station 100 has a communication interface (IF) for commu 
nicating with the cooperation scheduler 190. 
I0083. This invention does not depend on where the coop 
eration scheduler 190 is set up. For instance, the cooperation 
scheduler 190 may be set up as an independent device or may 
be contained in each base station 100 or in the gateway device 
2. In the following description of the first embodiment of this 
invention, where the cooperation scheduler 190 is setup is not 
specified. 
I0084 FIG. 3 is a block diagram illustrating the configura 
tion of each base station 100 according to the first embodi 
ment of this invention. 
I0085. The base station 100 includes a data signal process 
ing module 101, a control signal processing module 102, an 
RF processing module 103, an antenna 104, an in-station 
scheduler 105, a cooperation scheduler interface (IF) 106, a 
cooperating base station interface (IF) 107, a signal transmit 
ter 110, a signal receiver 120, a channel estimation module 
131, and a CQI/PMI/RI calculating module 132. 
I0086. The signal transmitter 110 includes encoders 111, 
modulators 112, a layer mapping/precoding module 113, Sub 
carrier mapping modules 114, pilot inserting modules 115, 
and OFDM modulators 116. 
I0087. The signal receiver 120 includes decoders 121, 
demodulators 122, an layer demapping module 123, Subcar 
rier demapping modules 124, an MIMO receiver 125, and 
SC-FDMA demodulators 126. 
I0088 Processing of the respective components is 
described below. 
0089. User data destined to one of the wireless communi 
cation terminals 200 is received from the gateway device 2, 
accumulated in a buffer of the data signal processing module 
101, allocated a wireless resource, and then sent to the signal 
transmitter 110. 
0090. User data sent from the signal receiver 120 to the 
data signal processing module 101 is transmitted to the core 
network 1 via the gateway device 2. 
0091. The control signal processing module 102 transmits 
a control signal between the base station 100 and the wireless 
communication signals 200 via the signal transmitting mod 
ule 110, or receives the control signal via the signal receiver 
120, as the need arises. 
0092. The in-station scheduler 105 executes wireless 
resource allocation for single-base station transmission, per 
forms scheduling based on information received from the 
data signal processing module 101 and the control signal 
processing module 102, and notifies the result of the sched 
uling to the data signal processing module 101 and the control 
signal processing module 102. 
0093. The in-station scheduler 105 also communicates 
with the cooperation scheduler 190 via the cooperation 
scheduler IF 106 in order to implement cooperative transmis 
S1O. 

0094. The data signal processing module 101 communi 
cates with other base stations 100 participating in cooperative 
transmission via the cooperating base station IF 107. 
0.095 When the signal transmitter 110 receives a data sig 
nal from the data signal processing module 101 or a control 
signal from the control signal processing module 102, one of 
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the encoders 111 generate a code word by attaching a cyclic 
redundancy code (CRC) to the received data signal or control 
signal and Subsequently performing error correcting coding 
processing with the use of a turbo code, a convolutional code, 
or the like. 
0096. The modulators 112 each execute appropriate 
modulation to generate a modulation symbol sequence from 
a generated code word. 
0097. The layer mapping/precoding module 113 executes 
layer mapping processing for accomplishing antenna diver 
sity and precoding processing for improving the reception 
precision of the wireless communication terminals 200. 
0098. The subcarrier mapping modules 114 each allocate 
each symbol in a symbol series input from the layer mapping/ 
precoding module 113 to one of Subcarriers contained in an 
arbitrary OFDM symbol. 
0099. The pilot inserting modules 115 each insert a pilot 
symbol, which is used by the wireless communication termi 
nals 200 to estimate the downlink channel, in an appropriate 
place. 
0100. The OFDM modulators 116 each execute inverse 
discrete Fourier transform (IDFT) processing and cyclic pre 
fix (CP) insertion, and output a baseband OFDM signal. 
0101 The output baseband OFDM signal is transmitted to 
the RF processing module 103, which executes digital-analog 
conversion, upconverting, and amplification processing for 
each signal separately, and the signal which has been Sub 
jected to the processing given above is transmitted from the 
antenna 104 to the wireless communication terminals 200. 
0102 Meanwhile, signals received by the antenna 104 
from the wireless communication terminals 200 are sent to 
the RF processing module 103, which executes amplification 
processing, downconverting, and analog-digital conversion 
processing for each signal. The signals which have been 
Subjected to the processing given above are transmitted to the 
SC-FDMA demodulators 126. 

(0103. The SC-FDMA demodulators 126 each execute CP 
removal, DFT processing, and IDFT processing for 
SC-FDMA reception for a signal received from the RF pro 
cessing module 103. 
0104. A pilot signal part of the signal which has been 
Subjected to the processing given above is transmitted to the 
channel estimation module 131, and the rest of the signal is 
input to the MIMO receiver 125. 
0105. The channel estimation module 131 estimates the 
uplink channel based on the received pilot signal, and trans 
mits the estimated channel matrix to the MIMO receiver 125 
and the CQI/PMI/RI calculating module 132. 
0106 Based on the received channel matrix, the MIMO 
receiver 125 executes MIMO reception processing with the 
use of MMSE and MLD for an input from one of the SC 
FDMA demodulators 126, and transmits layer-based outputs 
to the Subcarrier demapping modules 124. 
0107 The subcarrier demapping modules 124 execute 
processing reverse to processing executed by Subcarrier map 
ping modules 214 (illustrated in FIG. 4), which are included 
in each wireless communication terminal 200. Specifically, 
the Subcarrier demapping modules 124 each generate a recep 
tion symbol sequence from a Subcarrier contained in an arbi 
trary OFDMA symbol, and output the generated reception 
symbol sequence to the layer demapping module 123. 
0108. The layer demapping module 123 executes process 
ing reverse to layer mapping processing executed by a layer 
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mapping/precoding module 213 (illustrated in FIG. 4), which 
is included in each wireless communication terminal 200. 
0.109 The demodulators 122 each execute demodulation 
processing for a reception symbol sequence, and outputs a log 
likelihood ratio sequence to one of the decoders 121. 
0110. The decoders 121 each execute error correcting 
decoding processing and CRC check processing for a log 
likelihood ratio sequence that has been input, and notify the 
result of the CRC check to the control signal processing 
module 102. 
0111. When the CRC check resulted in a success, a user 
data signal is transmitted to the data signal processing module 
101, and the control signal is transmitted to the control signal 
processing module 102. 
(O112 The CQI/PMI/RI calculating module 132 calculates 
Channel Quality Indication (CQI, the channel quality), Pre 
coding Matrix Indicator (PMI, a precoding matrix desired by 
the wireless communication terminal), and Rank Indication 
(RI, the rank in MIMO transmission) for the uplink, based on 
a received channel matrix, and notifies calculation results to 
the control signal processing module 102. 
0113 Details of processing executed by the components 
of the base station 100 are described next. 
0114 FIG. 6 is a flow chart illustrating processing that is 
executed when the in-station scheduler 105 receives a sched 
uling request from the data signal processing module 101 or 
the control signal processing module 102 according to the 
first embodiment of this invention. 
0115 The in-station scheduler 105 receives a scheduling 
request (301) and determines whether the received schedul 
ing request is a downlink scheduling request or an uplink 
scheduling request (302). 
0116. The received scheduling request contains informa 
tion for identifying whether the scheduling request is for 
uplink or downlink, and the in-station scheduler 105 refers to 
this information to determine. 
0117. When it is determined that the scheduling request is 
for downlink, the in-station scheduler 105 allocates wireless 
resources for single-base station transmission, based on data 
information to be transmitted and on the Channel Quality 
Indication (CQI, the channel quality), Precoding Matrix Indi 
cator (PMI, a precoding matrix desired by the wireless com 
munication terminal), and Rank Indication (RI, the rank in 
MIMO transmission) of a downlink to one of the wireless 
communication terminals 200 that is the destination of the 
data information (303). Data information to be transmitted is, 
for example, the amount of data or a request for the quality of 
service (QoS) such as delay of data. 
0118. The in-station scheduler 105 determines whether or 
not the wireless resource allocation for single-base station 
transmission has succeeded or not (304). 
0119 When the wireless resource allocation for single 
base station transmission is determined as a success, the 
in-station scheduler 105 notifies the control signal processing 
module 102 and the data signal processing module 101 of the 
result of the resource allocation (311 and 312), and ends the 
processing (313). 
I0120 When the wireless resource allocation for single 
base station transmission is determined as a failure, the in 
station scheduler 105 decides that cooperative transmission is 
necessary, and requests the control signal processing module 
102 to transmit a signal that requests information necessary 
for cooperation (hereinafter, referred to as cooperation infor 
mation request signal) to the wireless communication termi 
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nal 200 that has failed to be allocated a wireless resource 
through single-base station transmission (306). 
0121. The in-station scheduler 105 receives from the con 
trol signal processing module 102 a request for wireless 
resource allocation for cooperative transmission (hereinafter, 
referred to as cooperation scheduling) (see 324 of FIG. 7A) 
(307). 
0122 Receiving the cooperation scheduling request, the 
in-station scheduler 105 requests cooperation scheduling 
from the cooperation scheduler 190 via the cooperation 
Scheduler IF 106. 

0123. The in-station scheduler 105 receives a cooperation 
scheduling result (see 409 of FIG. 10) from the cooperation 
scheduler 190 (309), notifies the received result to the control 
signal processing module 102 and the data signal processing 
module 101 (311 and 312), and ends the processing (313). 
(0.124. When it is determined in Step 302 that the received 
scheduling request is for uplink, the in-station scheduler 105 
allocates uplink wireless resources to the relevant wireless 
communication terminal 200 based on data information to be 
received and on the CQI, PMI, and RI of an uplink from the 
wireless communication terminal 200 (310). 
0.125. The in-station scheduler 105 subsequently executes 
the same processing as in the case of a downlink scheduling 
request, notifies a resource allocation result to the control 
signal processing module 102 and the data signal processing 
module 101 (311 and 312), and ends the processing (313). 
0126 FIG. 7A is a flow chart illustrating processing that is 
executed when the control signal processing module 102 
receives a request to transmit a cooperation information 
request signal from the in-station scheduler 105 according to 
the first embodiment of this invention. 

0127. The control signal processing module 102 receives 
from the in-station scheduler 105 a request to transmit a 
cooperation information request signal (see 306 of FIG. 6) 
(321), generates a cooperation information request signal, 
and transmits the generated cooperation information request 
signal to the relevant wireless communication terminal 200 
(322). Details of the packet format of the cooperation infor 
mation request signal are described later with reference to 
FIG 11 A. 

0128. The control signal processing module 102 receives a 
cooperation information notification signal (see 390 of FIG. 
9B) from the wireless communication terminal 200 (323). 
The cooperation information notification signal is a signal for 
notifying to the base station 100 information necessary to 
execute wireless resource allocation for cooperative trans 
mission. The cooperation information notification signal con 
tains a cooperative transmission method desired by the wire 
less communication terminal 200, a list of the base stations 
100 that participate in the cooperative transmission, and at 
least one type of information out of CQI and a channel matrix 
in cooperative transmission. Details of the packet format of 
the cooperation information notification signal are described 
later with reference to FIGS. 12A and 12B. 

0129. The control signal processing module 102 issues a 
request for cooperation scheduling to the in-station scheduler 
105 (324), and ends the processing (325). This request con 
tains the obtained cooperation information. 
0130 FIG. 7B is a flow chart illustrating processing that is 
executed when the control signal processing module 102 
receives a resource allocation result from the in-station sched 
uler 105 according to the first embodiment of this invention. 
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I0131 The control signal processing module 102 receives a 
resource allocation result (see 311 of FIG. 6) from the in 
station scheduler 105 (331), and repeatedly executes the fol 
lowing processing steps until every wireless communication 
terminal 200 that is specified in the received resource alloca 
tion result is processed (332). Specifically, the control signal 
processing module 102 selects one wireless communication 
terminal 200 from among the wireless communication termi 
nals 200 that are specified in the received resource allocation 
result, and executes the following processing steps. 
0.132. The control signal processing module 102 first 
determines whether or not a wireless resource has been allo 
cated to the selected wireless communication terminal 200 
(333). 
0.133 When it is determined that the selected wireless 
communication terminal 200 has been allocated a wireless 
resource, the control signal processing module 102 generates 
a resource allocation signal (334). The resource allocation 
signal is a signal for notifying the wireless communication 
terminal 200 of a wireless resource that has been allocated. 
Details of the packet format of the resource allocation signal 
are described later with reference to FIG. 11B. 

0.134. When it is determined that the selected wireless 
communication terminal 200 has not been allocated a wire 
less resource, the control signal processing module 102 holds 
off data transmission to this wireless communication terminal 
200 until the next transmission timing (335). The next trans 
mission timing may be, in the case of LTE, for example, the 
next time a subframe is transmitted. 
0.135 The control signal processing module 102 deter 
mines whether or not every wireless communication terminal 
200 specified in the received resource allocation result has 
been processed (336). 
0.136. When it is determined that not every wireless com 
munication terminal 200 specified in the received resource 
allocation result has been processed, the control signal pro 
cessing module 102 returns to Step 332 to repeat the subse 
quent processing steps. 
0.137 When it is determined that every wireless commu 
nication terminal 200 specified in the received resource allo 
cation result has been processed, the control signal processing 
module 102 transmits generated resource allocation signals to 
the wireless communication terminals 200 (337), and ends 
the processing (338). 
0.138 FIG.7C is a flow chart illustrating processing that is 
executed when the control signal processing module 102 
receives a resource allocation request signal from one of the 
wireless communication terminals 200 according to the first 
embodiment of this invention. 

0.139. The control signal processing module 102 receives a 
resource allocation request signal from one of the wireless 
communication terminals 200 (341), requests uplink sched 
uling from the in-station scheduler 105 (342), and ends the 
processing (343). 
0140 FIG. 8A is a flow chart illustrating processing that is 
executed when the data signal processing module 101 
receives a resource allocation result from the in-station sched 
uler 105 according to the first embodiment of this invention. 
0.141. The data signal processing module 101 receives a 
resource allocation result from the in-station scheduler 105 
(351) and determines whether the resource allocation is 
downlink resource allocation or uplink resource allocation 
(352). 
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0142. When it is determined that the resource allocation is 
for downlink, the data signal processing module 101 refers to 
the resource allocation result to determine whether or not to 
perform cooperative transmission (353). 
0143. When it is determined that cooperative transmission 

is not to be performed, the data signal processing module 101 
proceeds to Step 355. 
0144. When it is determined that cooperative transmission 

is to be performed, the data signal processing module 101 
exchanges necessary user data with other base stations 100 
that participate in the cooperative transmission (354), and 
proceeds to Step 355. 
0145 The data signal processing module 101 next trans 
fers necessary data from the buffer in the data signal process 
ing module 101 to the signal transmitting module 110 (355), 
and ends the processing (357). 
0146 When it is determined in Step 352 that the resource 
allocation is for uplink, the data signal processing module 101 
secures a buffer area in preparation for data reception (356), 
and ends the processing (357). 
0147 FIG.8B is a flow chart illustrating processing that is 
executed when the data signal processing module 101 
receives user data that is destined to one of the wireless 
communication terminals 200 from the gateway device 2 
according to the first embodiment of this invention. 
0148. The data signal processing module 101 receives 
from the gateway device 2 user data destined to one of the 
wireless communication terminals 200 (361), requests down 
link scheduling from the in-station scheduler 105 (362), and 
ends the processing (363). 
014.9 The configuration of each wireless communication 
terminal 200 is described next. 
0150 FIG. 4 is a block diagram illustrating the configura 
tion of each wireless communication terminal 200 according 
to the first embodiment of this invention. 
0151. The wireless communication terminal 200 includes 
a data signal processing module 201, a control signal process 
ing module 202, an RF processing module 203, an antenna 
204, a signal transmitter 210, a signal receiver 220, a channel 
estimation module 231, and a CQI/PMI/RI calculating mod 
ule 232. 
0152 The signal transmitter 210 includes encoders 211, 
modulators 212, the layer mapping/precoding module 213, 
the Subcarrier mapping modules 214, pilot inserting modules 
215, and SC-FDMA modulators 216. 
0153. The signal receiver 220 includes decoders 221, 
demodulators 222, an layer demapping module 223, Subcar 
rier demapping modules 224, an MIMO receiver 225, and 
OFDM demodulators 226. 
0154 Processing of the respective components is 
described below. 
0155 User data that is generated by an upper layer in the 
wireless communication terminal 200, such as the Medium 
Access Control (MAC) layer, is accumulated in a bufferin the 
data signal processing module 201, allocated wireless 
resources, and then transmitted to the signal transmitter 210. 
0156 User data that is sent from the signal receiver 220 to 
the data signal processing module 201 is handed over to an 
upper layer. 
0157. The control signal processing module 202 transmits 
a control signal between one of the base stations 100 and the 
wireless communication terminal 200 via the signal transmit 
ter 210, or receives the control signal via the signal receiver 
220, as the need arises. 
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0158 When the signal transmitter 210 receives a data sig 
nal from the data signal processing module 201 or a control 
signal from the control signal processing module 202, one of 
the encoders 211 generate a code word by attaching the CRC 
to the received data signal or control signal and Subsequently 
performing error correcting coding processing with the use of 
a turbo code, a convolutional code, or the like. 
0159. The modulators 212 each execute appropriate 
modulation to generate a modulation symbol sequence from 
a generated code word. 
0160 The layer mapping/precoding module 213 executes 
layer mapping processing for accomplishing antenna diver 
sity and precoding processing for improving the reception 
precision of the base station 100. 
0.161 The subcarrier mapping modules 214 each allocate 
each symbol in a symbol series input from the layer mapping/ 
precoding module 213 to one of Subcarriers contained in an 
arbitrary SC-FDMA symbol. 
0162 The pilot inserting modules 215 each insert a pilot 
symbol, which is used by the base station 100 to estimate the 
uplink channel, in an appropriate place. 
(0163 The SC-FDMA modulators 216 each execute DFT 
processing, IDFT processing, and CP insertion for 
SC-FDMA, and output a baseband SC-FDMA signal. 
0164. The output baseband SC-FDMA signal is transmit 
ted to the RF processing module 203, which executes digital 
analog conversion, upconverting, and amplification process 
ing for each signal separately, and the signal which has been 
Subjected to the processing given above is transmitted from 
the antenna 104 to the base station 100. 

0.165 Meanwhile, signals received by the antenna 204 
from the base station 100 are sent to the RF processing mod 
ule 203, which executes amplification processing, downcon 
Verting, and analog-digital conversion processing for each 
signal. The signals which have been Subjected to the process 
ing given above are transmitted to the OFDM demodulators 
226. 

(0166 The OFDM demodulators 226 each execute CP 
removal and DFT processing for a signal received from the 
RF processing module 203. 
0.167 A pilot signal part of the signal which has been 
Subjected to the processing given above is transmitted to the 
channel estimation module 231, and the rest of the signal is 
input to the MIMO receiver 225. 
(0168 The channel estimation module 231 estimates the 
downlink channel based on the received pilot signal, and 
transmits the estimated channel matrix to the MIMO receiver 
225 and the CQI/PMI/RI calculating module 232. 
(0169 Based on the received channel matrix, the MIMO 
receiver 225 executes MIMO reception processing with the 
use of MMSE and MLD for an input from one of the OFDM 
demodulators 226, and transmits layer-based outputs to the 
Subcarrier demapping modules 224. 
0170 The subcarrier demapping modules 224 execute 
processing reverse to the processing executed by the Subcar 
rier mapping modules 114, which are included in each base 
station 100. Specifically, the subcarrier demapping modules 
224 each generate a reception symbol sequence from a Sub 
carrier contained in an arbitrary SC-FDMA symbol, and out 
put the generated reception symbol sequence to the layer 
demapping module 223. 
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0171 The layer demapping module 223 executes process 
ing reverse to the layer mapping processing executed by the 
layer mapping/precoding module 113, which is included in 
each base station 100. 
0172. The demodulators 222 each execute demodulation 
processing for a reception symbol sequence, and outputs a log 
likelihood ratio sequence to one of the decoders 221. 
0173 The decoders 221 each execute error correcting 
decoding processing and CRC check processing for a log 
likelihood ratio sequence that has been input, and notify the 
result of the CRC check to the control signal processing 
module 202. 
0174. When the CRC check resulted in a success, a user 
data signal is transmitted to the data signal processing module 
201, and the control signal is transmitted to the control signal 
processing module 202. 
(0175. The CQI/PMI/RI calculating module 232 calculates 
CQI, PMI, and RI for the downlink, based on a received 
channel matrix, and notifies calculation results to the control 
signal processing module 202. 
0176) Details of processing executed by the components 
of the wireless communication terminals 200 are described 
neXt. 

0177 FIG. 9A is a flow chart illustrating processing 
according to the first embodiment of this invention that is 
executed when the control signal processing module 202 
receives a resource allocation signal from one of the base 
stations 100. 
0178 The control signal processing module 202 receives a 
resource allocation signal from one of the base stations 100 
(371), and determines whether the received resource alloca 
tion signal is about downlink resource allocation or uplink 
resource allocation (372). 
0179 When it is determined that the received resource 
allocation signal is about downlink resource allocation, the 
control signal processing module 202 notifies the data signal 
processing module 201 of the need to prepare for data recep 
tion (373), and ends the processing (375). 
0180. When it is determined that the received resource 
allocation signal is about uplink resource allocation, the con 
trol signal processing module 202 requests the data signal 
processing module 201 to transmit data (374), and ends the 
processing (375). 
0181 FIG. 9B is a flow chart illustrating processing 
according to the first embodiment of this invention that is 
executed when the control signal processing module 202 
receives a cooperation information request signal from one of 
the base stations 100. 
0182. In this flow chart, cooperation information is gener 
ated for every target Subband to transmit a cooperation infor 
mation notification signal. 
0183 The control signal processing module 202 receives a 
cooperation information request signal from one of the base 
stations 100 (381), and repeatedly executes the following 
processing steps until every target Subband is processed 
(382). Specifically, the control signal processing module 202 
selects one Subband from among all target Subbands, and 
executes the following processing steps. 
0184 The control signal processing module 202 deter 
mines whether or not to use MU-MIMO transmission as the 
transmission method to be used in cooperative transmission 
(383). 
0185. For example, in the case where the cooperation 
information request signal contains a field that indicates a 
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transmission method to be used in cooperative transmission, 
the control signal processing module 202 determines whether 
or not to use MU-MIMO transmission by referring to this 
field. Alternatively, whether or not to use MU-MIMO trans 
mission may be determined by the wireless communication 
terminal 200 based on a channel matrix of the downlink and 
on settings of the wireless communication terminal 200 itself. 
0186. When it is determined that MU-MIMO transmis 
sion is to be used as the transmission method of the coopera 
tive transmission, the control signal processing module 202 
obtains a channel matrix from every base station 100 that 
participates in the cooperative transmission (384). 
0187. When it is determined that MU-MIMO transmis 
sion is not to be used as the transmission method of the 
cooperative transmission, the control signal processing mod 
ule 202 proceeds to Step 385. 
0188 The control signal processing module 202 next 
determines whether or not to use Closed-Loop transmission 
as the transmission method of the cooperative transmission 
(385). As in Step 383, whether or not to use Closed-Loop 
transmission is determined by referring to a field in the coop 
eration information request signal, or based on a determina 
tion result of the wireless communication terminal 200. 

0189 When it is determined that Closed-Loop transmis 
sion is to be used as the transmission method of the coopera 
tive transmission, the control signal processing module 202 
obtains CQI, PMI, and RI that are based on the employed 
transmission method from the CQI/PMI/RI calculating mod 
ule 232 (386). 
0190. When it is determined that Closed-Loop transmis 
sion is not to be used as the transmission method of the 
cooperative transmission, the control signal processing mod 
ule 202 proceeds to Step 387. 
0191 The control signal processing module 202 next 
determines whether or not to use Open-Loop transmission as 
the transmission method of the cooperative transmission 
(387). As in Step 383, whether or not to use Open-Loop 
transmission is determined by referring to a field in the coop 
eration information request signal, or based on a determina 
tion result of the wireless communication terminal 200. 

0.192 When it is determined that Open-Loop transmission 
is to be used as the transmission method of the cooperative 
transmission, the control signal processing module 202 
obtains CQI and RI that are based on the employed transmis 
sion method from the CQI/PMI/RI calculating module 232 
(388). 
0193 When it is determined that Open-Loop transmission 

is not to be used as the transmission method of the cooperative 
transmission, the control signal processing module 202 pro 
ceeds to Step 389. 
0194 The control signal processing module 202 next 
determines whether or not every target subband has been 
processed (389). 
0.195. When it is determined that not every target subband 
has been processed, the control signal processing module 202 
returns to Step 382 to repeat the Subsequent processing steps. 
0196. When it is determined that every target subband has 
been processed, the control signal processing module 202 
generates a cooperation information notification signal based 
on the obtained cooperation information, transmits the gen 
erated cooperation information notification signal to the base 
station 100 (390), and ends the processing (391). 
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(0197) The cooperation scheduler 190 is described next. 
0198 FIG. 5A is a block diagram illustrating the configu 
ration of the cooperation scheduler 190 according to the first 
embodiment of this invention. 
(0199 The cooperation scheduler 190 is connected to the 
cooperation scheduler IF 106 of each base station 100 via one 
of IFs 191 to communicate with the in-station scheduler 105. 
The connection between the IFs 191 and the cooperation 
scheduler IFs 106 may be cable connection or may be wire 
less. 
0200 FIG.5B is a diagram illustrating a database included 
in the cooperation scheduler 190 according to the first 
embodiment of this invention. 
0201 The cooperation scheduler 190 refers to this data 
base, which is denoted by 550, when allocating wireless 
SOUCS. 

0202 The database 550 contains in each entry a terminal 
551, a data arrival time 552, a data amount 553, and coopera 
tion instantaneous throughput 554, and average throughput 
555. 

0203 The terminal 551 stores an identifier for uniquely 
identifying each wireless communication terminal 200. 
Stored as the data arrival time 552 is a time at which user data 
destined to the wireless communication terminal 200 that is 
associated with the terminal 551 arrives at the relevant base 
Station 100. 

0204. The data amount 553 includes the data amount of 
the user data destined to the wireless communication terminal 
200 that is associated with the terminal 551. The cooperation 
instantaneous throughput 554 includes the instantaneous 
throughput in cooperative transmission. The average 
throughput 555 includes the average throughput in the trans 
mission of user data destined to the wireless communication 
terminal 200 that is associated with the terminal 551. 

0205 The cooperation scheduler 190 calculates the 
amount of wireless resource necessary to transmit user data 
based on the data arrival time 552 and the data amount 553, 
and determines the priority of each wireless communication 
terminal 200 based on the cooperation instantaneous through 
put 554 and the average throughput 555. 
0206. The priority may be determined by a method that 
uses proportional fairness to select first the wireless commu 
nication terminal 200 that has the largest quotient of the 
cooperation instantaneous throughput 554 divided by the 
average throughput 555. The database 550 of FIG. 5B is an 
example, and the database 550 may have other configura 
tions. 
0207 FIG. 10 is a flow chart illustrating processing 
according to the first embodiment of this invention that is 
executed when the cooperation scheduler 190 receives a 
cooperation scheduling request from the in-station scheduler 
105. 

0208. The cooperation scheduling 190 receives a coopera 
tion scheduling request from the in-station scheduler 105 
(401), and selects at least one wireless communication termi 
nal 200 that has high priority (402). The selection may be 
made by, for example, a method that uses proportional fair 
ness and the database of FIG. 5B. 
0209. The cooperation scheduler 190 repeatedly executes 
the following processing steps until every selected wireless 
communication terminal 200 is processed (400). Specifically, 
the cooperation scheduling 190 selects one wireless commu 
nication terminal 200 from among the wireless communica 
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tion terminals 200 that have been selected in Step 402, and 
executes the following processing steps. 
0210. The cooperation scheduling 190 first refers to the 
database of FIG.SB to determine whether or not MU-MIMO 
transmission is possible (404). 
0211 When it is determined that MU-MIMO transmis 
sion is possible, the cooperation scheduler 190 allocates wire 
less resources for MU-MIMO transmission (407) and pro 
ceeds to Step 408. 
0212. When it is determined that MU-MIMO transmis 
sion is not possible, the cooperation scheduler 190 determines 
whether or not SU transmission is possible (405). 
0213 When it is determined that SU transmission is pos 
sible, the cooperation scheduler 190 allocates wireless 
resources for SU transmission (406) and proceeds to Step 
408. 

0214. When it is determined that SU transmission is not 
possible, the cooperation scheduler 190 proceeds to Step 408. 
0215. The cooperation scheduler 190 determines whether 
or not every wireless communication terminal 200 selected in 
Step 402 has been processed, or whether or not every wireless 
resource that is available for allocation has been put into use 
(408). 
0216. When it is determined that the criterion given above 

is not satisfied, the cooperation scheduler 190 returns to Step 
402 to repeat the Subsequent processing steps. 
0217. When it is determined that the criterion given above 

is satisfied, the cooperation scheduler 190 notifies the result 
of the wireless resource allocation as a cooperation schedul 
ing result to the in-station scheduler 105 (409), and ends the 
processing (410). 
0218. The flow chart of the processing of the cooperation 
scheduler 190 is an example, and the cooperation scheduler 
190 may process a cooperation scheduling request based on 
other scheduling standards. 
0219. The formats of packets necessary for data transmis 
sion in which the base stations 100 cooperate with one 
another are described next with reference to FIGS. 11A and 
11B and FIGS. 12A and 12B. 
0220 FIG. 11A is a diagram illustrating the packet format 
of the cooperation information request signal according to the 
first embodiment of this invention. 

0221) A packet format 500 of the cooperation information 
request signal contains a format identifier field 501, an allo 
cated resource block specification field 502, an MCS field 
503, a pilot location specification field 504, a power control 
field 505, a COI request bit field 506, a cooperation informa 
tion request bit field 507, a cooperation method field 508, a 
cooperation subband field 509, and an option field 510. 
0222. The format identifier field 501 is a field for distin 
guishing the packet format from other wireless resource allo 
cation formats. The allocated resource block specification 
field 502 is a field for specifying the location of an uplink 
resource block that is used to transmit cooperation informa 
tion. A resource block in this case equals a plurality of con 
secutive SC-FDMA symbols and a plurality of consecutive 
subcarriers in the SC-FDMA symbols, and uplink wireless 
resources are allocated on a resource block basis. 

0223. The MCS field 503 is a field for specifying a modu 
lation and coding scheme, and MCS stands for Modulation 
and Coding Scheme. The pilot location specification field 504 
is a field for information about where a pilot is to be inserted 
by the destination wireless communication terminal 200. 
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0224. The power control field 505 is a field for information 
about power control of the wireless communication terminal 
200. The CQI request bit field 506 is a field for requesting 
feedback of CQI from the wireless communication terminal 
200. Specifically, “1” is stored in the power control field 505 
in the case of a cooperation information request signal. 
0225. The cooperation information request bit field 507 is 
a field for indicating whether or not this signal is a coopera 
tion information request signal. Specifically, “1” is stored in 
the cooperation information request bitfield 507 in the case of 
a cooperation information request signal. 
0226. The packet format 500 contains the cooperation 
method field 508 and the cooperation subband field 509 when 
“1” is stored in the cooperation information request bit field 
507, and does not contain the cooperation method field 508 
and the cooperation subband field 509 when “0” is stored in 
the cooperation information request bit field 507. 
0227. The cooperation method field 508 is used in the case 
where the sender base station 100 or the cooperation sched 
uler 190 specifies a transmission method to be employed for 
cooperation. The cooperation subband field 509 is used in the 
case where the sender base station 100 or the cooperation 
scheduler 190 specifies a subband to be employed for coop 
eration. The option field 510 can be used for other expansions. 
0228 FIG. 11B is a diagram illustrating the packet format 
of the resource allocation signal according to the first embodi 
ment of this invention. 

0229. A packet format 520 of the resource allocation sig 
nal contains a format identifier field 521, an allocated 
resource block specification field 522, a power control filed 
523, a HARQ information field 524, a transport block-based 
information field 525, a cooperation information field 526, 
and a precoding information field 527. 
0230. The format identifier field 521 is a field for distin 
guishing the packet format from other wireless resource allo 
cation formats. The allocated resource block specification 
field 522 is a field for specifying the location of a downlink 
resource block that is used to transmit data to the destination 
wireless communication terminal 200 through cooperation 
among the base stations 100. A resource block in this case 
equals a plurality of consecutive OFDMA symbols and a 
plurality of consecutive subcarriers in the OFDMA symbols, 
and downlink wireless resources are allocated on a resource 
block basis. 

0231. The power control field 523 is a field for information 
about power control of the wireless communication terminal 
200. The HARQ information field 524 is a field for notifying 
a process number in Hybrid Automatic Repeat Request 
(HARQ) transmission. 
0232. The packet format 520 contains as many transport 
block-based information fields 525 as the number of transport 
blocks to be transmitted. Each transport block-based infor 
mation field 525 contains an MCS field 525-1 for specifying 
a modulation and coding scheme for each transport block and 
a new HARQ field 525-2 for distinguishing whether or not the 
transmission in question is new HARQ transmission. 
0233. The cooperation information field 526 is a field for 
information about which base stations participate in the coop 
erative transmission and what transmission method is used in 
the cooperative transmission. The precoding information 
field 527 is a field for information about the index and quan 
tized values of a precoding matrix that is used in the coopera 
tive transmission. 
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0234 FIG. 12A is a diagram illustrating the packet format 
of a cooperation information notification signal for Open 
Loop MIMO according to the first embodiment of this inven 
tion. 
0235 A packet format 530 of the cooperation information 
notification signal for Open-Loop MIMO contains a coopera 
tion method field 531, a cooperating base station set field 532, 
a cooperation wideband CQI field 533, and a subband-based 
information field 534. 
0236. The cooperation method field 531 is a field for 
specifying a transmission method to be used in the coopera 
tive transmission. The cooperating base station set field 532 is 
a field for notifying a set of the base stations 100 that partici 
pate in the cooperative transmission. The cooperation wide 
band CQI field 533 is a field for notifying CQI on every 
OFDMA subcarrier in the cooperative transmission that uses 
the method specified in the cooperation method field 531. 
0237. The packet format 530 contains as many subband 
based information fields 534 as the number of subbands. Each 
subband-based information field 534 contains a cooperation 
subband CQI field 534-1 for storing the CQI of each subband 
in cooperative transmission, and a cooperation Subband RI 
field 534-2 for storing the RI of each subband in cooperative 
transmission. 
0238 FIG.12B is a diagram illustrating the packet format 
of a cooperation information notification signal for 
MU-MIMO according to the first embodiment of this inven 
tion. 
0239. A packet format 540 of the cooperation information 
notification signal for MU-MIMO contains a cooperation 
method field 541, a cooperating base station set field 542, a 
cooperation wideband CQI field 543, and a subband-based 
information field 544. 
0240. The cooperation method field 541 is a field for 
specifying a transmission method to be used in the coopera 
tive transmission. The cooperating base station set field 542 is 
a field for notifying a set of base stations that participate in the 
cooperative transmission. The cooperation wideband CQI 
field 543 is a field for notifying CQI on every OFDMA 
Subcarrier in the cooperative transmission that uses the 
method specified in the cooperation method field 541. 
0241 The packet format 540 contains as many subband 
based information fields 544 as the number of subbands. Each 
subband-based information field 544 contains a channel 
matrix field 544-1 for storing values of a quantized propaga 
tion matrix between the base stations 100 that are specified in 
the cooperating base station set field 542 and the wireless 
communication terminals 200. 

0242. Described next with reference to FIGS. 1 and 13 is a 
sequence of data transmission through MU-MIMO transmis 
sion in which the base stations 100 cooperate with one 
another. 
0243 FIG. 13 is a sequence diagram illustrating process 
ing form the reception of pilot signals by the wireless com 
munication terminals 200-1 to 200-6 from the base stations 
100-1 and 100-2 to the transmission of information necessary 
for single-base station transmission by the wireless commu 
nication terminals 200-1 to 200-6 to the base stations 100-1 
and 100-2 according to the first embodiment of this invention. 
Each of the wireless communication terminals 200-1 to 200-6 
belongs to one of the base stations 100-1 and 100-2, and 
transmits the necessary information to the base station 100-1 
or 100-2 to which the each of the wireless communication 
terminals 200-1 to 200-6 belongs. 
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0244. By the time this sequence starts, the wireless com 
munication terminals 200-1 to 200-6 have obtained informa 
tion necessary for data transmission to the base stations 100-1 
and 100-2, such as synchronization information cell IDs of 
the base stations 100-1 and 100-2, through an analysis of 
synchronization signals. 
0245. The wireless communication terminals 200-1 to 
200-3 belong to the base station 100-1, and the wireless 
communication terminals 200-4 to 200-6 belong to the base 
station 100-2. 

0246 The base stations 100-1 and 100-2 periodically 
transmit pilot signals to their respective wireless communi 
cation terminals 200-1 to 200-6 (621-1 and 621-2). The wire 
less communication terminals 200-1 to 200-6 monitor the 
received pilot signals and calculate channel matrices from the 
base stations 100-1 and 100-2. 

0247. When channel matrix calculation is performed in 
each of the wireless communication terminals 200-1 to 200-6, 
interference components from the base station to which the 
wireless communication terminal does not belong (for 
example, the base station 100-2 in the case of the wireless 
communication terminal 200-1) sometimes hinder the calcu 
lation. The interference components can be avoided by tak 
ing, for example, the following measures. 
0248 Examples of known avoidance measures include 
one in which other base stations 100 are kept from transmit 
ting data with a resource that is used by one base station 100 
to transmit a pilot signal, and one in which SINR is improved 
by executing diffusion processing for a pilot signal and then 
having the wireless communication terminal execute inverse 
diffusion. This invention is not limited to those measures and 
other avoidance measures may be employed. 
0249 Based on the calculated channel matrix, each of the 
wireless communication terminals 200-1 to 200-6 calculates 
CQI, PMI, and RI in single-base station transmission 
executed by the base station 100-1 or 100-2 to which the each 
of the wireless communication terminals 200-1 to 200-6 
belongs, and feeds back the result of the calculation to the 
base station 100-1 or 100-2 to which the each of the wireless 
communication terminals 200-1 to 200-6 belongs via a con 
trol signal channel (622-1 to 622-6). 
0250 In the example of FIG. 13, the wireless communi 
cation terminals 200-1 to 200-3 feed back the calculation 
results to the base station 100-1, and the wireless communi 
cation terminals 200-4 to 200-6 feed back the calculation 
results to the base station 100-2. 
0251 FIG. 1 is a sequence diagram illustrating processing 
that is executed after the sequence of FIG. 13, from the 
reception of user data destined to the wireless communication 
terminals 200-1 to 200-6 by the base stations 100-1 and 100-2 
from the gateway device 2, to the cooperative transmission 
through MU-MIMO transmission according to the first 
embodiment of this invention. 

0252 From the gateway device 2, the base station 100-1 
receives user data destined to the wireless communication 
terminals 200-1, 200-2, and 200-3 (601-1), and the base sta 
tion 100-2 receives user data destined to the wireless com 
munication terminals 200-4, 200-5, and 200-6 (601-2). 
Receiving the user data, the in-station scheduler 105 of each 
of the base stations 100-1 and 100-2 executes scheduling for 
single-base station transmission. 
0253) At this point, the base stations 100-1 and 100-2 may 
exchange, via the cooperating base station IFs 107, informa 
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tion about Beam Forming (BF) beams such as a beam forming 
pattern (602) to be used for the scheduling. 
0254 The following description is given on the assump 
tion that, as a result of the scheduling for single-base station 
transmission, the base station 100-1 has determined that wire 
less resource allocation for single-base station transmission is 
possible with respect to the wireless communication termi 
nals 200-1 and 200-2, whereas the base station 100-2 has 
determined that wireless resource allocation for single-base 
station transmission is possible with respect to the wireless 
communication terminals 200-4 and 200-6. 
0255. In this case, the base station 100-1 transmits to the 
wireless communication terminals 200-1 and 200-2, through 
single-base station transmission, resource allocation signals 
and user data destined to the wireless communication termi 
nals 200-1 and 200-2 (603-1 and 603-2). 
0256 Receiving the signals given above, the wireless 
communication terminals 200-1 and 200-2 transmit ACK 
signals indicating reception results to the base station 100-1 
in response (604-1 and 604-2). 
0257 Similarly, the base station 100-2 transmits to the 
wireless communication terminals 200-4 and 200-6, through 
single-base station transmission, resource allocation signals 
for single-base station transmission and user data destined to 
the wireless communication terminals 200-4 and 200-6 
(603-4 and 603-6). 
0258 Receiving the signals given above, the wireless 
communication terminals 200-4 and 200-6 transmit ACK 
signals indicating reception results to the base station 100-2 
in response (604-4 and 604-6). 
0259 Meanwhile, the base station 100-1 transmits a coop 
eration information request signal to the wireless communi 
cation terminal 200-3 (605-3), and the base station 100-2 
transmits a cooperation information request signal to the 
wireless communication terminal 200-5 (605-5). The coop 
eration information request signals to be transmitted have the 
packet format of FIG. 11A. 
0260 Receiving the cooperation information request sig 
nal from the base station 100-1, the wireless communication 
terminal 200-3 transmits a cooperation information notifica 
tion signal to the base station 100-1 (606-3). Receiving the 
cooperation information request signal from the base station 
100-2, the wireless communication terminal 200-5 transmits 
a cooperation information notification signal to the base sta 
tion 100-2 (606-5). The cooperation information notification 
signals to be transmitted have the packet format of FIG.12B. 
0261 The base station 100-1 receives the cooperation 
information notification signal from the wireless communi 
cation terminal 200-3 and the base station 100-2 receives the 
cooperation information notification signal from the wireless 
communication terminal 200-5. The base stations 100-1 and 
100-2 then separately issue requests for cooperation sched 
uling to the cooperation scheduler 190 via the cooperation 
scheduler IFs 106 (607-1 and 607-2). Therequests contain the 
received cooperation information notification signals. 
0262 Based on the received cooperation information noti 
fication signals, the cooperation scheduler 190 allocates wire 
less resources for cooperative transmission and, at the same 
time, refers to the result of the wireless resource allocation to 
determine a transmission method to be used in cooperative 
transmission. 
0263. In this embodiment, the cooperation scheduler 190 
that has received the request for cooperation scheduling allo 
cates wireless resources for cooperative transmission. The 
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following description assumes that, as a result of the wireless 
resource allocation, the cooperation scheduler 190 deter 
mines that cooperative transmission through MU-MIMO 
transmission is to be performed for the wireless communica 
tion terminals 200-3 and 200-5. 
0264. The cooperation scheduler 190 notifies the determi 
nation result and information necessary for cooperative trans 
mission, Such as a precoding matrix, to the base stations 100-1 
and 100-2 as a cooperation scheduling result (608-1 and 
608-2). 
0265 Receiving the cooperation scheduling result, the 
base stations 100-1 and 100-2 exchange user data necessary 
for the cooperative transmission specified by the cooperation 
scheduling result via the cooperating base station IFs 107 
(609). 
0266 Based on the precoding matrices that are specified in 
the cooperation scheduling results 608-1 and 608-2, the base 
station 100-1 and the base station 100-2 transmit resource 
allocation signals and user data to the wireless communica 
tion terminal 200-3 and the wireless communication terminal 
200-5, respectively, through MU-MIMO transmission such 
as DPC (610-3 and 610-5). 
0267. The wireless communication terminals 200-3 and 
200-5 execute user data reception processing in a manner 
instructed in the resource allocation signals upon receiving 
the resource allocation signal and the user data. Thereafter, 
the wireless communication terminal 200-3 transmits an 
ACK signal that indicates the result of the reception to the 
base station 100-1 in response (611-3), and the wireless com 
munication terminal 200-5 transmits an ACK signal that indi 
cates the result of the reception to the base station 100-2 in 
response (611-5). 
0268 According to the first embodiment of this invention, 
only the wireless communication terminals 200-3 and 200-5 
which need cooperative transmission feedback cooperation 
information to the base stations 100-1 and 100-2, thereby 
implementing cooperative transmission. 
0269. Uplink wireless resources are thus used more effi 
ciently than in the case where the wireless communication 
terminals 200-1 to 200-6 all feedback cooperation informa 
tion, and can be saved for other uplink user data transmission 
sessions. 
0270. In addition, processing required for cooperation 
scheduling is reduced because the cooperation scheduler 190 
needs to execute cooperation scheduling processing only for 
the wireless communication terminals 200-3 and 200-5. 

Second Embodiment 

0271. A second embodiment of this invention is described 
below. 
0272. In the second embodiment of this invention, the 
network configuration and the configurations of the base sta 
tions 100 and the wireless communication terminals 200 are 
the same as in the first embodiment of this invention, and 
descriptions thereof are therefore omitted. The components 
of each base station 100 and each wireless communication 
terminal 200 in the second embodiment of this invention 
execute the same processing as in the first embodiment, and 
therefore a description thereof is also omitted. 
0273. The second embodiment is described below, with 
the focus on differences from the first embodiment. 
0274 FIG. 14 is a sequence diagram illustrating process 
ing form the reception of user data destined to the wireless 
communication terminals 200-1 to 200-6 by the base stations 
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100-1 and 100-2 from the gateway device 2, to cooperative 
transmission through SU transmission according to the sec 
ond embodiment of this invention. 
0275. In the second embodiment, which channels are used 
to transmit respective signals in communication between the 
base stations 100 and the wireless communication terminals 
200 that conforms to 3GPP LTE is also described. 
0276. The following description is given on the assump 
tion that, prior to this sequence, the wireless communication 
terminals 200-1 to 200-6 have received pilot signals and 
information for single-base station transmission have been 
fed back to the base stations 100-1 and 100-2, following the 
sequence of FIG. 13. 
(0277. The step in which the base stations 100-1 and 100-2 
receive user data (601-1 and 601-2), the step in which the base 
stations 100-1 and 100-2 exchange BF beam information 
(602), and the step in which the base station 100-1 determines 
that wireless resource allocation for single-base station trans 
mission is possible with respect to the wireless communica 
tion terminals 200-1 and 200-2, the base station 100-2 deter 
mines that wireless resource allocation for single-base station 
transmission is possible with respect to the wireless commu 
nication terminals 200-4 and 200-6, and the base stations 
100-1 and 100-2 transmit resource allocation signals and user 
data to these wireless communication terminals 200 (603-1, 
603-2, 603-4, and 603-6) are the same as those in the first 
embodiment. 
(0278. However, Downlink Control Information (DCI) on 
Physical Downlink Control Channel (PDCCH) of LTE is 
used as the resource allocation signals. A DCI format appro 
priate for the employed transmission method is selected. 
0279. The user data signals are transmitted on Physical 
Downlink Shared Channel (PDSCH). 
0280. The transmission of the ACK signals which are 
transmitted in response to the resource allocation signals and 
the user data signals (604-1, 604-2, 604-4, and 604-6) uses 
Physical Uplink Control Channel (PUCCH). 
(0281 An expansion of DCI (format 0) on PDCCH to the 
packet format of FIG. 11A is used for the cooperation infor 
mation request signals (605-3 and 605-5). 
0282. The wireless communication terminal 200-3 
receives the cooperation information request signal (605-3) 
and transmits a cooperation information notification signal to 
the base station 101-1 (631-3). The wireless communication 
terminal 200-5 receives the cooperation information request 
signal (605-5) and transmits a cooperation information noti 
fication signal to the base station 100-2 (631-5). 
0283. The cooperation information notification signals 
(631-3 and 631-5) have the packet format of FIG. 12A, and 
are transmitted on Physical Uplink Shared Channel 
(PUSCH). 
0284. Receiving the cooperation information notification 
signals (631-3 and 631-5), the base station 100-1 and the base 
station 100-2 separately issue requests for cooperation sched 
uling to the cooperation scheduler 190 via the cooperation 
scheduler IFs 106 (607-1 and 607-2). The requests for coop 
eration scheduling contain the received cooperation informa 
tion notification signals. 
0285 Receiving the cooperation scheduling requests, the 
cooperation scheduler 190 allocates wireless resources for 
cooperative transmission. 
0286 The assumption of this embodiment is that, as a 
result of the wireless resource allocation, the cooperation 
scheduler 190 has decided to execute cooperative transmis 
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sion through SU transmission for the wireless communica 
tion terminal 200-3, and to hold off wireless resource alloca 
tion to the wireless communication terminal 200-5 until the 
next transmission timing. 
0287. The cooperation scheduler 190 notifies information 
necessary for cooperative transmission, including this deci 
sion, to the base stations 100-1 and 100-2 as a cooperation 
scheduling result (632-1 and 632-2). 
0288 The base station 100-1 transfers to the base station 
100-2, via the cooperating base station IF 107, user data 
necessary to carry out the specified cooperative transmission 
upon receiving the cooperation scheduling result (633). 
0289. The base stations 100-1 and 100-2 transmit a 
resource allocation signal, and transmit user data through SU 
transmission such as Open-Loop MIMO, to the wireless con 
nection terminal 200-3 (634-1 and 634-2). 
0290. It should be noted that, for the resource allocation 
signal, DCI on PDCCH is used. A DCI format appropriate for 
the employed transmission method is selected. The user data 
signal is transmitted on PDSCH. 
0291 Receiving the resource allocation signal and the 
user data, the wireless communication terminal 200-3 per 
forms user data reception processing in a manner instructed in 
the resource allocation signal. 
0292. The wireless communication terminal 200-3 trans 
mits an ACK signal that indicates the result of the reception to 
the base station 100-1 in response (635). 
0293 According to the second embodiment of this inven 

tion, only the wireless communication terminal 200-3 which 
needs cooperative transmission feeds back cooperation infor 
mation, and uplink wireless resources are thus saved as in the 
first embodiment. This also reduces the processing executed 
by the cooperation scheduler 190 for cooperation scheduling. 
0294. In addition, in the second embodiment of this inven 
tion where the wireless communication terminal 200-3 alone 
uses two base stations 100-1 and 100-2, the throughput in 
cooperative transmission is improved even more. 

Third Embodiment 

0295 A third embodiment of this invention is described 
below. 
0296. In the third embodiment of this invention, the net 
work configuration and the configurations of the base stations 
100 and the wireless communication terminals 200 are the 
same as in the first embodiment of this invention, and descrip 
tions thereof are therefore omitted. The components of each 
base station 100 and each wireless communication terminal 
200 in the third embodiment of this invention execute the 
same processing as in the first embodiment, and therefore a 
description thereof is also omitted. 
0297. The third embodiment is described below, with the 
focus on differences from the first embodiment. 
0298 FIG. 15 is a sequence diagram illustrating process 
ing that is executed in the case where the base stations 100-1 
and 100-2 request information necessary for cooperative 
transmission before user data arrives at the wireless commu 
nication terminals 200 according to the third embodiment of 
this invention. 
0299 The following description is given on the assump 
tion that, prior to this sequence, the wireless communication 
terminals 200-1 to 200-6 have received pilot signals and 
information for single-base station transmission have been 
fed back to the base stations 100-1 and 100-2, following the 
sequence of FIG. 13. 
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0300. The assumption of this embodiment is that the base 
station 100-1 has determined, from CQI information for 
single-base station transmission or from traffic at the wireless 
communication terminals 200-1 to 200-6, that cooperative 
transmission is to be used for the wireless communication 
terminal 200-3, while the base station 100-2 has similarly 
determined that cooperative transmission is to be used for the 
wireless communication terminal 200-5. 
0301 In this case, the base station 100-1 transmits a coop 
eration information request signal to the wireless communi 
cation terminal 200-3 (641-3). Receiving the cooperation 
information request signal, the wireless communication ter 
minal 200-3 transmits a cooperation information notification 
signal to the base station 100-1 in response (642-3). 
0302. In the same manner, the base station 100-2 transmits 
a cooperation information request signal to the wireless com 
munication terminal 200-5 (641-5). Receiving the coopera 
tion information request signal, the wireless communication 
terminal 200-5 transmits a cooperation information notifica 
tion signal to the base station 100-2 in response (642-5). 
0303. In the case where the base stations 100-1 and 100-2 
Subsequently receive user data from the gateway device 2 
(601-1 and 602-2), the base stations 100-1 and 100-2 
exchange BF beam information with each other (602), and 
transmit cooperation scheduling requests (607-1 and 607-2) 
to the cooperation scheduler 190. 
0304 Receiving the cooperation scheduling requests, the 
cooperation scheduler 190 notifies cooperation scheduling 
results to the base stations 100-1 and 100-2 (608-1 and 608 
2). Receiving the cooperation scheduling results, the base 
stations 100-1 and 100-2 exchange information necessary for 
cooperation with each other (609), and transmit resource 
allocation signals and user data to the wireless communica 
tion terminals 200-1 to 200-6, respectively (643-1 to 643-6). 
Single-base station transmission is used for the wireless com 
munication terminals 200-1, 200-2, 200-4, and 200-6, and 
cooperative transmission is used for the wireless communi 
cation terminals 200-3 and 200-5. 
0305 Through the processing described above, data trans 
mission to the wireless communication terminals 200-3 and 
200-5, which need cooperative transmission, can be synchro 
nized with data transmission to the other wireless communi 
cation terminals 200-1, 200-2, 200-4, and 200-6. 
0306 This allows the wireless communication terminals 
200-1 to 200-6 to transmit ACK signals at the same time in 
response to received user data (644-1 to 644-6). 
0307 Wireless resource allocation in this embodiment is 
described below. 
0308 FIG. 18 is a diagram for explaining a resource grid 
upon cooperative transmission according to the third embodi 
ment of this invention. 
0309 The resource grid is a pattern obtained by sectioning 
wireless resources that are allocated for one transmission 
timing by OFDMA symbol and subcarrier. 
0310. In the example of FIG. 18, a horizontal grid line 
separates one Subcarrier from another and a vertical grid line 
separates one OFDM symbol from another. 
0311 Resource girds 800 and 810 illustrated in FIG. 18 
represent the resource grids of the base stations 100-1 and 
100-2, respectively. 
0312. The resource grid 800 has a block 801, a block 802, 
and a block 803, which corresponds to a resource block 1, a 
resource block 2, and a resource block 3, respectively. The 
resource grid 810 has a block 811, a block 812, and a block 
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813, which correspond to the resource block 1, the resource 
block 2, and the resource block 3, respectively. 
0313. In the sequence of FIG. 15, for example, the wireless 
communication terminals 200-1 and 200-2 are allocated the 
resource blocks 801 and 802, respectively, and the wireless 
communication terminals 200-4 and 200-6 are allocated the 
resource blocks 811 and 812, respectively. 
0314. The resource blocks 803 and 813 are allocated for 
cooperative transmission that is executed for the wireless 
communication terminals 200-3 and 200-5 through 
MU-MIMO transmission. 
0315. The resource blocks 801 to 803 and 811 to 813 are 
transmitted at the same time in the sequence of FIG. 15. 
0316. According to the third embodiment of this inven 

tion, a delay in transmitting user data necessary for coopera 
tive transmission is eliminated. Specifically, because the base 
stations 100-1 and 100-2 have already obtained cooperation 
information by the time the base stations 100-1 and 100-2 
receive user data from the gateway device 2, the user data can 
be transmitted immediately through cooperative transmission 
without spending time on requesting cooperation information 
and waiting for a cooperation information notification. 

Fourth Embodiment 

0317. A fourth embodiment of this invention is described 
below. 
0318. In the fourth embodiment of this invention, the net 
work configuration and the configurations of the base stations 
100 and the wireless communication terminals 200 are the 
same as in the first embodiment of this invention, and descrip 
tions thereof are therefore omitted. The components of each 
base station 100 and each wireless communication terminal 
200 in the fourth embodiment of this invention execute the 
same processing as in the first embodiment, and therefore a 
description thereof is also omitted. 
0319 FIG. 16 is a sequence diagram illustrating process 
ing that is executed when the wireless communication termi 
nal 200 that has been at the cell center at first and has used 
single-base station transmission moves to the cell edge and 
comes to need cooperative transmission according to the 
fourth embodiment of this invention. 
0320. The base station 100-1 receives from the gateway 
device 2 user data destined to the wireless communication 
terminal 200 (651), exchanges BF beam information with the 
base station 100-2 if necessary (652), and allocates wireless 
resources for single-base station transmission. 
0321. In the case where the wireless resources for single 
base station transmission are allocated as a result of the wire 
less resource allocation, the base station 100-1 transmits a 
resource allocation signal and user data to the wireless com 
munication terminal 200 (653). 
0322 Receiving the resource allocation signal and the 
user data, the wireless communication terminal 200 performs 
reception processing and transmits an ACK signal to the base 
station 100-1 (654). 
0323. The wireless communication terminal 200 then 
moves to the cell edge (655). 
0324. The wireless communication terminal 200 calcu 
lates CQI and others based on pilot signals (656-1 and 656-2) 
that are periodically transmitted from the base stations 100-1 
and 100-2, and periodically feeds back the calculated CQI 
and other values to the base station 100-1 as information 
necessary for single-base station transmission (657). 
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0325 Receiving from the wireless communication termi 
nal 200 the information necessary for single-base station 
transmission, the base station 100-1 determines that sufficient 
wireless resources cannot be allocated through data transmis 
sion from a single base station, and transmits a cooperation 
information request signal to the wireless communication 
terminal 200 (658). 
0326 Receiving the cooperation information request sig 
nal, the wireless communication terminal 200 transmits a 
cooperation information notification signal to the base station 
100-1 in response (659). 
0327 Receiving the cooperation information notification 
signal, the base station 100-1 issues a request for cooperation 
scheduling to the cooperation scheduler 190 (660). The 
request for cooperation scheduling contains the received 
cooperation information notification signal. 
0328. Receiving the request for cooperation scheduling, 
the cooperation scheduler 190 allocates wireless resources to 
the wireless communication terminal 200 for cooperative 
transmission through SU transmission, and notifies the result 
of the wireless resource allocation to the base stations 100-1 
and 100-2 as a cooperation scheduling result (661-1 and 
661-2). 
0329. The base station 100-1 receives the cooperation 
scheduling result and transfers user data necessary for the 
cooperative transmission to the base station 100-2 (662). 
0330. The base station 100-1 and 100-2 transmit resource 
allocation signals, and transmit user data by cooperative 
transmission through SU transmission, to the wireless com 
munication terminal 200 (663-1 and 663-2). 
0331 Receiving the resource allocation signals and the 
user data, the wireless communication terminal 200 performs 
reception processing and transmits an ACK signal to the base 
station 100-1 in response (664). 
0332. According to the fourth embodiment of this inven 
tion, the wireless communication terminal 200 needs to trans 
mit cooperation information only when the wireless commu 
nication terminal 200 moves to a place that necessitates 
cooperative transmission, and uplink wireless resources can 
therefore be saved. 

Fifth Embodiment 

0333. A fifth embodiment of this invention is described 
below. 

0334. In the fifth embodiment of this invention, the net 
work configuration and the configurations of the base stations 
100 and the wireless communication terminals 200 are the 
same as in the first embodiment of this invention, and descrip 
tions thereof are therefore omitted. The components of each 
base station 100 and each wireless communication terminal 
200 in the fifth embodiment of this invention execute the same 
processing as in the first embodiment, and therefore a descrip 
tion thereof is also omitted. 
0335 FIG. 17 is a sequence diagram illustrating process 
ing that is executed when the wireless communication termi 
nal 200 that has at the cell edge at first and has used data 
transmission by cooperating transmission moves to the cell 
center and Switches to single-base station transmission 
according to the fifth embodiment of this invention. 
0336. The base station 100-1 receives from the gateway 
device 2 user data destined to the wireless connection termi 
nal 200 (671), and transfers the user data to the base station 
100-2 in order to execute cooperative transmission (672). 
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0337 The base station 100-1 and 100-2 transmit resource 
allocation signals, and transmit user data by cooperative 
transmission through SU transmission, to the wireless com 
munication terminal 200 (673-1 and 673-2). 
0338 Receiving the resource allocation signals and the 
user data, the wireless communication terminal 200 performs 
reception processing and transmits an ACK signal to the base 
station 100-1 in response (674). 
0339. The wireless communication terminal 200 then 
moves to the cell center (675). 
0340. The wireless communication terminal 200 calcu 
lates CQI and others based on pilot signals (676-1 and 676-2) 
that are periodically transmitted from the base stations 100-1 
and 100-2, and periodically feeds back the calculated CQI 
and other values as information necessary for single-base 
station transmission (677). 
0341 The base station 100-1 receives the information 
from the wireless communication terminal 200 and, if neces 
sary, exchanges BF beam information with the base station 
100-2 (678). 
0342. The assumption of this embodiment is that the base 
station 100-1 determines that sufficient wireless resources 
can be allocated through data transmission from a single base 
station. 
0343. The base station 100-1 in this case notifies, if nec 
essary, the cooperation scheduler 190 of the cessation of 
cooperative transmission to the wireless communication ter 
minal 200 (679). 
0344. The base station 100-1 transmits resource allocation 
signals, and transmits user data by single-base station trans 
mission, to the wireless communication terminal 200 (680). 
0345 Receiving the resource allocation signals and the 
user data, the wireless communication terminal 200 performs 
reception processing and transmits an ACK signal to the base 
station 100-1 in response (681). 
0346 According to the fifth embodiment of this invention, 
the wireless communication terminal ceases to transmit coop 
eration information when the wireless communication termi 
nal 200 moves to a place that does not necessitate cooperative 
transmission, and uplink wireless resources can therefore be 
saved. 

Sixth Embodiment 

0347 A sixth embodiment of this invention is described 
below. 
0348. The sixth embodiment describes a method of reduc 
ing the amount of cooperation information that is transmitted 
from the wireless communication terminals 200 in the first to 
fifth embodiments described above by using a preselected 
subband fixedly to feedback cooperation information. 
0349 FIG. 19A is a diagram illustrating subbands accord 
ing to the sixth embodiment of this invention. 
0350. As illustrated in FIG. 19A, subbands are constituted 
of consecutive resource blocks. 
0351. A resource grid 820 in the example of FIG. 19A is 
divided into five subbands 821 to 825, each of which is 
constituted of two consecutive resource blocks. 
0352 FIG. 19B is a diagram illustrating an association 
relation between a number of the resource block and a number 
of the Subband according to the sixth embodiment of this 
invention. 

0353. The number of resource blocks per subband can be 
changed by changing the total number of resource blocks. 
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0354 As illustrated in FIG. 19B, a table representing the 
association relation between the number of the resource block 
and the number of the subband includes in each entry a 
number of a total resource block 561, a subband size 562, and 
a number of a subband 563. 
0355 The number of the total resource block 561 includes 
the total number of resource blocks. The Subband size 562 
includes the number of resource blocks per subband. The 
number of the subband 563 includes the total number of 
subbands. The example of FIG. 19A corresponds to an entry 
564 of FIG. 19B. 
0356. In the examples of FIGS. 12A and 12B, a coopera 
tion information notification signal fed back by the wireless 
communication terminals 200 needs to contain as many 
pieces of cooperation information as the number of Subbands. 
Using a preselected Subband fixedly for cooperative transmis 
sion in the wireless communication system reduces the 
amount of cooperation information contained in the coopera 
tion information notification signal and accordingly saves 
uplink wireless resources. 
0357 For example, in the case where two subbands, the 
subband 824 and the subband 825, are used fixedly for coop 
erative transmission in FIG. 19A, necessary cooperation 
information is 2/s of the amount required when a different 
Subband is used each time. 
0358 Instead of using a preselected subband fixedly for 
cooperative transmission, the cooperation scheduler 190 may 
dynamically determine a Subband optimum for cooperative 
transmission. The determined Subband is contained in the 
cooperation subband field 509 within the cooperation infor 
mation request signal as illustrated in FIG. 11A, thereby 
allowing the base station 100 to give the destination wireless 
communication terminal 200 an instruction about which sub 
band to use. 
0359 According the sixth embodiment of this invention, 
uplink wireless resources for feeding back cooperation infor 
mation can be saved and, if the option of dynamically select 
ing a Subband is chosen, a Subband optimum for cooperative 
transmission can be selected. 

Seventh Embodiment 

0360. A seventh embodiment is described below. 
0361. The seventh embodiment describes a method of 
using NACK for a switch between data transmission through 
single-base station transmission and data transmission 
through cooperative transmission. 
0362. In the embodiments described above, whether or not 
to perform cooperative transmission is determined based on 
the success/failure of downlink wireless resource allocation 
or on CQI, PMI, and RI. However, other standards such as the 
following ones may be used for the determination: 
0363 Each base station 100 decides to use cooperative 
transmission for the wireless communication terminal 200 
that has used single-base station transmission if an NACK 
signal indicating a reception failure is received from the wire 
less communication terminal 200 a reference number of 
times, which is determined in advance, or more. In other 
words, whether or not to perform cooperative transmission is 
determined based on information about the success/failure of 
data reception which is transmitted from the wireless com 
munication terminal 200. 
0364. According to the seventh embodiment, the base sta 
tions 100 can salvage data that has failed to be received by 
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determining whether or not to use cooperative transmission 
based on the actual success/failure of data reception. 

Eighth Embodiment 

0365. An eighth embodiment is described below. 
0366. The eighth embodiment describes a method in 
which each base station 100 transmits all cooperation infor 
mation request signals at once. In the first to seventh embodi 
ments, the base station 100 separately transmits a cooperation 
information request signal destined to one wireless commu 
nication terminal 200 and a cooperation information request 
signal destined to another wireless communication terminal 
200. In this embodiment, on the other hand, the base station 
100 transmits cooperation information request signals 
through one-to-many transmission Such as broadcast trans 
mission or multicast transmission. For example, in the case 
where the number of wireless communication terminals 200 
that cannot be allocated wireless resources through single 
base station transmission exceeds a certain threshold, the base 
station 100 transmits cooperation information request signals 
to these wireless communication terminals 200 at once. The 
wireless communication terminals 200 receive the coopera 
tion information request signals transmitted at once and trans 
mit cooperation information notification signals to the base 
Station 100. 
0367. According to the eighth embodiment, there is 
obtained an effect of being able to save downlink wireless 
resources necessary for cooperation information request sig 
nals when the number of wireless communication terminals 
200 that need cooperative transmission is large. 
0368 Lastly, effects of this invention are described taking 
as an example an association relation between the ratio of the 
wireless communication terminals 200 that use cooperative 
transmission to all wireless communication terminals 200 
(hereinafter, referred to as cooperating wireless communica 
tion terminal ratio) and the amount of feedback transmitted 
by a single wireless communication terminal 200 when the 
first embodiment or second embodiment of this invention is 
applied. The same effects are obtained from the third to eighth 
embodiment of this invention. 

0369 FIG. 20 is a diagram illustrating effects that are 
obtained when the first embodiment or second embodiment 
of this invention is applied. 
0370. A frame 6000 illustrates information that is fed back 
from the wireless communication terminals 200 to the base 
stations 100 when conventional cooperative transmission is 
executed. Conventionally, as illustrated in the frame 6000, all 
wireless communication terminals 200-1 to 200-6 periodi 
cally feedback information for single-base station transmis 
sion and cooperation information to the base stations 100-1 
and 100-2 (625-1 to 625-6). 
0371. A frame 6001 illustrates information that is fed back 
from the wireless communication terminals 200 to the base 
stations 100 when the first embodiment or second embodi 
ment of this invention is applied. 
0372 According to this invention, only the wireless com 
munication terminals 200-3 and 200-5 which need coopera 
tive transmission feedback cooperation information to the 
base stations 100-1 and 100-2 in response to requests from the 
base stations 100-1 and 100-2 (606-3 and 606-5). The only 
information the wireless communication terminals 200-1 to 
200-6 need to feed back periodically to the base stations 
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100-1 and 100-2 is information for single-base station trans 
mission (622-1 to 622-6). The amount offeedback is reduced 
as a result. 
0373 FIG. 21A is a graph illustrating changes in the num 
ber of bits in an uplink wireless resource band that is used by 
one wireless communication terminal 200 for one feedback 
transmission session in the case where the cooperating wire 
less communication terminal ratio is changed based on the 
packet format of the cooperation information notification 
signal of FIG. 12A. 
0374. It should be noted that, in the following description, 
the cooperation method field 531 and the cooperating base 
station set field 532 together take up four bits in the packet 
format of the cooperation information notification signal. The 
cooperationwideband CQI field 533 uses four bits. The coop 
eration subband CQI field 534-1 and the cooperation subband 
RI field 534-2 combined use three bits. 
0375 Graphs 901, 902,903, and 904 of FIG. 21A respec 
tively represent results observed when the number of the 
subband is 5, 13, 21, and 28. 
0376 Values at a cooperating wireless communication ter 
minal ratio of “1.0 represent results of the conventional case. 
It is understood from FIG. 21A that applying this invention 
decreases the number of the feedback bit. 
0377 FIG.21B is a graph illustrating changes in the num 
ber of bits in an uplink wireless resource band that is used by 
one wireless communication terminal 200 for one feedback 
transmission session in the case where the cooperating wire 
less communication terminal ratio is changed based on the 
packet format of the cooperation information notification 
signal of FIG. 12B. 
0378. It should be noted that, in the following description, 
the cooperation method field 541 and the cooperating base 
station set field 542 together take up four bits in the packet 
format of the cooperation information notification signal. The 
cooperationwideband CQI field 543 uses four bits. The chan 
nel matrix field 544-1 uses twelve (6x2) bits. Graphs 911, 
912,913, and 914 of FIG.21B respectively represent results 
observed when the number of the subband is 5, 13, 21, and 28. 
0379 Values at a cooperating wireless communication ter 
minal ratio of “1.0 represent results of the conventional case. 
It is understood from FIG. 21B that applying this invention 
decreases the number of the feedback bit. 

1. A wireless communication system comprising a plural 
ity of base stations that transmit data to a communication 
terminal with cooperation by the plurality of base stations, 
wherein 

the communication terminal communicates with the plu 
rality of base stations, 

the communication terminal periodically transmits, to one 
of the plurality of base stations, information necessary 
for data transmission from a single base station out of the 
plurality of base stations, 

each of the plurality of base stations is configured to: 
determine whether the communication terminal needs data 

transmission through a cooperation among the plurality 
of base stations; and 

transmit a cooperation information transmission instruc 
tion to the communication terminal, which includes 
information necessary to execute the data transmission 
in order to cooperate among the plurality of base stations 
in the case where it is determined that the communica 
tion terminal needs the data transmission through the 
cooperation among the plurality of base stations, and 
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the communication terminal transmits the cooperation 
information to the plurality of base stations in a case of 
receiving the cooperation information transmission 
instruction. 

2. The wireless communication system according to claim 
1, wherein 

the each of the plurality of base stations is configured to: 
determine whether the data transmission from the single 

base station is executable for the communication termi 
nal in the case where determining whether the commu 
nication terminal needs the data transmission through 
the cooperation among the plurality of base stations; 

transmit the cooperation information transmission instruc 
tion to the communication terminal in the case where it 
is determined that the data transmission from the single 
base station is not executable for the communication 
terminal; and 

allocate wireless resources for the data transmission from 
the single base station to the communication terminal, 
based on the received information necessary for the data 
transmission from the single base station in the case 
where it is determined that the data transmission from 
the single base station is executable for the communica 
tion terminal. 

3. The wireless communication system according to claim 
2, further comprising a cooperation scheduler, which is con 
figured to: 

allocate the communication terminal wireless resources for 
the data transmission through the cooperation among the 
plurality of base stations, based on the cooperation infor 
mation received by the plurality of base stations; and 

transmit a result of the wireless resource allocation for the 
data transmission through the cooperation among the 
plurality of base stations to the plurality of cooperating 
base stations. 

4. The wireless communication system according to claim 
3, wherein, 

the communication terminal transmits the cooperation 
information to the plurality of base stations which 
includes information necessary to execute data trans 
mission to one communication terminal through the 
cooperation among the plurality of base stations, and 
information necessary to execute data transmission to a 
plurality of the communication terminals through the 
cooperation among the plurality of base stations, and 

the each of the plurality of base stations is configured to 
determine whether the data transmission to the one com 
munication terminal through the cooperation among the 
plurality of base stations or the data transmission to the 
plurality of communication terminals through the coop 
eration among the plurality of base stations is to be 
executed based on the received cooperation information. 

5. The wireless communication system according to claim 
3, wherein, 

the each of the plurality of base stations is configured to: 
determine which of information necessary to execute data 

transmission to one communication terminal through 
the cooperation among the plurality of base stations and 
information necessary to execute data transmission to a 
plurality of the communication terminals through the 
cooperation among the plurality of base stations is 
needed, and 

transmit the cooperation information transmission instruc 
tion based on the determination. 
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6. The wireless communication system according to claim 
3, wherein, 

the wireless resources are divided into a plurality of sub 
channels, 

the cooperation scheduler is configured to allocate a pre 
determined specific subchannel to the communication 
terminal as the wireless resources for the data transmis 
sion through the cooperation among the plurality of base 
stations, and 

the base station is configured to set information about the 
predetermined specific subchannel in the cooperation 
information transmission instruction. 

7. The wireless communication system according to claim 
3, wherein, 

the wireless resources are divided into a plurality of sub 
channels, 

the cooperation scheduler is configured to determine at 
least one of the plurality of subchannels which is to be 
allocated as the wireless resources for the data transmis 
sion through the cooperation among the plurality of base 
stations, and 

the base station is configured to transmit the cooperation 
information transmission instruction which includes 
information about the determined subchannel. 

8. The wireless communication system according to claim 
2, wherein the each of the plurality of base stations is config 
ured to refer to a result of the wireless resource allocation to 
the communication terminal for the data transmission from 
the single base station, and determine whether the data trans 
mission from the single base station is executable for the 
communication terminal. 

9. The wireless communication system according to claim 
2, wherein the each of the plurality of base stations is config 
ured to refer to the information necessary for the data trans 
mission from the single base station which is transmitted 
from the communication terminal, and determine whether the 
data transmission from the single base station is executable 
for the communication terminal. 

10. The wireless communication system according to 
claim 2, wherein the each of the plurality of base stations is 
configured to refer to traffic information of the communica 
tion terminal, and determine whether the data transmission 
from the single base station is executable for the communi 
cation terminal. 

11. The wireless communication system according to 
claim 2, wherein the each of the plurality of base stations is 
configured to refer to ACK information and NACK informa 
tion which are transmitted from the communication terminal, 
and determine whether the data transmission from the single 
base station is executable for the communication terminal. 

12. The wireless communication system according to 
claim 2, wherein the cooperation information includes at least 
one of a channel quality, the number of MIMO ranks, a 
precoding matrix desired by the communication terminal, 
and a channel matrix in the data transmission through the 
cooperation among the plurality of base stations. 

13. A base station installed in a wireless communication 
system that transmits data to a communication terminal 
through cooperation among a plurality of the base stations, 
wherein, 

the communication terminal communicates with the base 
station, 
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the communication terminal periodically transmits, to the 
base station, information necessary for data transmis 
sion from a single base station out of the plurality of base 
stations, 

the base station is configured to: 
determine whether the communication terminal needs data 

transmission through the cooperation among the plural 
ity of base stations; and 

transmit a cooperation information transmission instruc 
tion to the communication terminal, which includes 
information necessary to execute the data transmission 
order to cooperate among the plurality of base stations in 
the case where it is determined that the communication 
terminal needs the data transmission through the coop 
eration among the plurality of base stations. 

14. The base station according to claim 13, wherein the 
base station is further configured to: 

determine whether the data transmission from the single 
base station is executable for the communication termi 
nal in the case where determining whether the commu 
nication terminal needs the data transmission through 
the cooperation among the plurality of base stations; 

transmit the cooperation information transmission instruc 
tion to the communication terminal in the case where it 
is determined that the data transmission from the single 
base station is not executable for the communication 
terminal; 

receive the cooperation information transmitted from the 
communication terminal; 

Nov. 24, 2011 

allocate wireless resources for the data transmission 
through the cooperation among the plurality of base 
stations based on the received cooperation information; 

transmit a result of the wireless resource allocation for the 
data transmission through the cooperation among the 
plurality of base stations to the other base stations that 
cooperate with the base station; and 

allocate wireless resources for the data transmission from 
the single base station to the communication terminal, 
based on the received information necessary for the data 
transmission from the single base station in the case 
where it is determined that the data transmission from 
the single base station is executable for the communica 
tion terminal. 

15. The base station according to claim 14, 
wherein the cooperation information includes information 

necessary to execute data transmission to one commu 
nication terminal through the cooperation among the 
plurality of base stations, and information necessary to 
execute data transmission to a plurality of the commu 
nication terminals through the cooperation among the 
plurality of base stations, and 

wherein, the base station is configured to determine 
whether the data transmission to the one communication 
terminal through the cooperation among the plurality of 
base stations or the data transmission to the plurality of 
communication terminals through the cooperation 
among the plurality of base stations is to be executed 
based on the received cooperation information. 

16. (canceled) 


