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RADIO TRANSMISSION CONTROL 
METHOD, RADIO RECEIVER APPARATUS, 
AND RADIO TRANSMITTERAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a divisional application of 
and claims the benefit of priority under 35 U.S.C. S 120 from 
U.S. application Ser. No. 10/567,339, filed Nov.30, 2006, the 
entire contents of which is incorporated herein by reference. 
U. S. application Ser. No. 10/567,339 is a national stage of 
International Application No. PCT/JP04/10845, filed Jul. 29, 
2004, which is based upon and claims the benefit of prior 
Japanese Patent Application No. 2003-286.184, filed Aug. 4. 
2003. 

TECHNICAL FIELD 

0002 The present invention relates to a radio transmission 
control method for a MIMO system in which a radio receiver 
apparatus and a radio transmitter apparatus respectively use a 
plurality of antennas to perform SDM transmission, and a 
radio receiver apparatus and a radio transmitter apparatus. 

BACKGROUND ART 

0003 Recently, radio communications has come into 
widespread use remarkably owing to its convenience. As a 
result, there is an urgent demand for taking measures to deal 
with the shortage of use frequencies. As one of the techniques 
ofusing the use frequency effectively, there is a MIMO (Mul 
tiple-Input Multiple-Output) system for performing high 
speed signal transmission using a plurality of antennas in a 
transmitter/receiver, which is under active studies. In the 
MIMO system, it is known that a higher capacity can be 
achieved by using a plurality of antennas in a transmitter/ 
receiver, compared with the case where the transmitter/re 
ceiver has one antenna. 

0004. In the MIMO system, SDM (Space Division Multi 
plexing) transmission has been mostly studied, in which sig 
nals are sent individually from a plurality of transmission 
antennas, and each signal is extracted with signal processing 
ona receiving side. Hereinafter, a conventional technique will 
be described based on representative documents (for 
example, see Non-Patent Documents 1 and 2) related to the 
SDM transmission. 

0005 FIGS. 32 and 33 show a configuration of a transmit 
ter/receiver performing the SDM transmission. In the SDM 
transmission, time-series signals are sent individually from 
respective antennas of a transmitter, and as shown in FIG.33, 
a receiver receives the signals using beam formation corre 
sponding to each transmission signal. A configuration of this 
signal processing will be described below. The description 
will be made assuming that the number of transmission 
antenna is N, the number of reception antennas is M, the 
channel gain from a transmission antenna n to a reception 
antenna mish, and the propagation characteristics between 
the transmitter and the receiver is a matrix H=h. 
0006. As shown in FIG. 32, at a terminal A1 of the trans 
mitter, time-series transmission signals S, (p) (n=1,..., N) are 
transmitted from N transmission antennas 3. The transmis 
sion signals pass through a propagation path 5 to be received 
by M reception antennas 4. At a terminal B2 of the receiver, 
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reception weight multiplying parts 131, 132, 133 multiply the 
reception signals with a weight V, to thereby perform signal 
combining. 
0007 Hereinafter, the above-mentioned series of pro 
cesses will be shown using mathematical expressions. 
Assuming that a reception signal at the reception antenna 4 is 
X, (p), a reception vector X(p)=x (p),..., X, (p)' (T is a 
transposition) is given by the following expression. 

0008 Herein, Si (p),..., Sy (p) represents a transmission 
signal; h, hi. . . . , h, represents a propagation vector 
from the transmission antenna 3 to the M reception antennas 
4; Z(p)=Z (p),..., Z (p) represents a noise and interfer 
ence vector; and Z(p) represents a noise and interference 
component at the antenna 4. 
0009 Furthermore, the terminal B2 on the receiving side 
determines a weight V, V.,..., V, suitable for receiving 
the signal s(p) from the transmission antenna 3. An output 
y(p) after the signal combining is given by the following 
expression. 

0010 Although there are various methods for determining 
the reception weight V, each reception weight V, is deter 
mined to get the transmission signal s(p). For example, 
according to the weight determination based on a ZF (Zero 
Forcing) standard, the weight V, is determined so as to satisfy 
the following expressions. 

v, "ho-1 where n0=n. 

v.'ha-0 where n0 is other than n. O 

0011 (Expression 1) shows the condition under which a 
desired signal s(p) is received strongly, and the other signals 
so (p) (n0 is an integer other than n) are Suppressed. Thus, 
only the desired signal can be received satisfactorily. Further 
more, by receiving a signal using different weights V, with 
respect to different n, a plurality of signals can be separated to 
be taken out, and hence, division multiplexing can be per 
formed spatially. Herein, although a method for determining 
a weight based of the ZF standard has been described as an 
example, there is also a similar weight algorithm such as an 
MMSE synthesis method. The purpose of any weight algo 
rithm is basically to Suppress signals other than a desired one 
in the same way as in (Expression 1). 
0012. Thus, by suppressing signals other than a desired 
one among a plurality of signals at the terminal B2 on the 
receiving side, SDM (Space Division Multiplexing) can be 
realized. In the SDM transmission, a plurality of signals are 
transmitted simultaneously, so there is an advantage that 
high-speed signal transmission can be performed, compared 
with a conventional transmission system in which a transmit 
ter/receiver uses a single antenna. 
0013 However, actually, although (Expression 1) can be 
realized in the case where the number N of multiplexed sig 
nals is M or less (NsM), it cannot be realized in the case of 
N>M. In order to understand the contents thereof, more 
detailed description will be made. In (Expression 1), the 
vectors V, and ho can be respectively expressed as one vector 
on an M-dimensional space. Furthermore, V,'ho being a 
vector inner product, and V, he being 0 correspond to a state 
where V, and ho are orthogonal to each other on the M-di 
mensional space. Although one vector V, orthogonal to (M-1) 
independent vectors ho can be set on the M-dimensional 

(Expression 1) 
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space, it is impossible to set a vector V, orthogonal to Mor 
more independent vectors hio. Thus, it is theoretically impos 
sible to satisfy the relationship V, "ho-0 with respect to Mor 
more independent vectors ho, and (Expression 1) does not 
hold for N>M. 
0014. Accordingly, in the case where the number N of 
multiplexed signals is larger than the number M of reception 
antennas, any weight V, used on the receiving side cannot 
Suppress other signals Sufficiently. Therefore, the quality of a 
reception signal degrades rapidly. In order to avoid this situ 
ation, there is required a method of performing space division 
multiplexing transmission Smoothly in an environment where 
the number of transmission antennas is larger than the number 
of reception antennas. However, Such solution measures have 
not been introduced as yet. 
0015 Non-Patent Document 1: A.V. Zelst, R.V. Nee, and 
G. A. Awater, “Space Division Multiplexing (SDM) for 
OFDM systems’” IEEE Proc. of VTC 2000 Spring, pp. 
1070 to 1074, 2000 

0016 Non-Patent Document 2: Kurosaki, Asai, Sug 
iyama, Umehira, “100 Mbit/s. SDM-COFDM over MIMO 
channel for broadband mobile communications' Technical 
Report, RCS 2001-135, October 2001 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0017. According to a beam formation method of a conven 
tional procedure, in the case where the number of transmis 
sion antennas is Smaller than the number of reception anten 
nas, Space Division Multiplexing can be performed 
Smoothly. However, in actual radio communication, there are 
a number of environments where the number of transmission 
antennas is larger than the number of reception antennas. In 
Such a case, when different signals are sent simultaneously 
from respective transmission antennas using a conventional 
transmission method, the signals cannot be separated from 
one another on a receiving side, which greatly degrades the 
quality of the reception signals. Thus, there is a demand for a 
method capable of separating signals from one another and 
transmitting a signal of high quality in an environment where 
the number of transmission antennas is larger than the number 
of reception antennas. 
0018. Furthermore, a method of sending signals using all 
the transmission antennas does not necessarily have a satis 
factory transmission efficiency even in the case where the 
number of transmission antennas is Smaller than the number 
of reception antennas. For example, in the case where two 
propagation vectors he and h are similar to each other, 
Suppressing one signal h may also Suppress the desired 
signal ho. In such a case, it may be better to stop one of the 
signals, rather than to send both signals, for performing signal 
transmission more satisfactory. 
0019. Thus, controlling a procedure for sending signals 
raises the possibility of attaining more efficient signal trans 
mission. There is a demand for a control method and a com 
munication system between a transmitter and a receiver, 
enabling more efficient signal transmission over the MIMO 
system. 

Means for Solving the Problem 
0020. According to the present invention, there is provided 
a radio transmission control method for a MIMO system 
including a radio transmitter apparatus having a plurality of 

May 31, 2012 

antennas and a radio receiver apparatus having a plurality of 
antennas for transmitting a plurality of signals to each other 
through SDM, the method including the steps of sending a 
pilot signal by the radio transmitter apparatus; receiving the 
pilot signal and estimating transmission-related information 
corresponding to the pilot signal by the radio receiver appa 
ratus; selecting a transmission signal to be used in the radio 
transmitter apparatus based on the estimated transmission 
related information; notifying the radio transmitter apparatus 
of a control signal describing the transmission signal to be 
used; and selecting an antenna to be used based on the control 
signal and sending the information signal from the selected 
antenna to the radio receiver apparatus, by the radio transmit 
ter apparatus. 
0021. Also, according to the present invention, there is 
provided a radio receiver apparatus for transmitting a signal 
with respect to a radio transmitter apparatus through SDM, 
including: a plurality of antennas for receiving a pilot signal 
sent from the radio transmitter apparatus; a pilot signal 
detecting part for estimating transmission-related informa 
tion corresponding to the pilot signal received at the plurality 
ofantennas; a transmission signal determining part for select 
ing a transmission signal to be used in the radio transmitter 
apparatus, based on the transmission-related information 
estimated by the pilot signal detecting part; and a control 
information transmitting part for notifying the radio transmit 
ter apparatus of a control signal describing the transmission 
signals to be used selected by the transmission signal deter 
mining part. 
0022. Further, according to the present invention, there is 
provided a radio transmitter apparatus for transmitting a sig 
nal with respect to a radio receiver apparatus through SDM, 
including: a signal sending part for sending pilot signals from 
a plurality of antennas to the radio receiver apparatus; a con 
trol information receiving part for receiving, from the radio 
receiver apparatus, a control signal describing a transmission 
signal to be used selected by the radio receiver apparatus 
based on the transmission-related information corresponding 
to the pilot signal; and a transmission signal determining part 
for selecting an antenna to be used, based on the control signal 
received by the control information receiving part, in which 
the signal sending part sends an information signal from the 
antenna selected by the transmission signal determining part 
to the radio receiver apparatus. 

EFFECTS OF THE INVENTION 

0023. According to a radio transmission control method of 
the present invention, a radio receiver apparatus selects a 
transmission signal to be used based on a pilot signal from a 
radio transmitter apparatus and notifies the radio transmitter 
apparatus of the transmission signal, and the radio transmitter 
apparatus sends an information signal to the radio receiver 
apparatus based on the transmission signal to be used. There 
fore, the radio receiver apparatus can receive an information 
signal that can be separated Smoothly, and a transmission 
efficiency can be enhanced. 
0024. Furthermore, a radio receiver apparatus of the 
present invention detects transmission-related information 
corresponding to a pilot signal sent from a radio transmitter 
apparatus, selects a transmission signal to be used based on 
the detected information, and notifies the radio transmitter 
apparatus of the selected transmission signal. Therefore, an 
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information signal that can be separated Smoothly in accor 
dance with a propagation environment, the number of trans 
mission/reception antennas, and the like, can be received, and 
a transmission efficiency can be enhanced. 
0025. Furthermore, a radio transmitter apparatus of the 
present invention sends a pilot signal from a plurality of 
antennas, receives a transmission signal to be used, which is 
selected by a receiver based on transmission-related informa 
tion corresponding to the pilot signal, and sends an informa 
tion signal with the transmission signal to be used. Therefore, 
on the radio receiver apparatus side, an information signal 
that can be separated Smoothly in accordance with a propa 
gation environment, the number of transmission/reception 
antennas, and the like, can be received, and a transmission 
efficiency can be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 A basic structural view of a transmitter/re 
ceiver for a MIMO system in Embodiment 1 of the present 
invention. 
0027 FIG. 2A flowchart showing a transmission control 
method in Embodiment 1. 
0028 FIG.3A view showing a situation in which a control 
signal is transmitted from a terminal B to a terminal A in 
Embodiment 1. 
0029 FIG. 4. A view showing a situation in which an 
information signal is transmitted from the terminal A to the 
terminal B in Embodiment 1. 
0030 FIG. 5A format view of a pilot signal and a control 
signal used in Embodiment 1. 
0031 FIG. 6 A structural view of a pilot signal detecting 
part of the terminal B in Embodiment 1. 
0032 FIG. 7 A schematic view of a transmission signal 
determining part in Embodiment 2. 
0033 FIG. 8 A flowchart showing a processing procedure 
in the transmission signal determining partin Embodiment 2. 
0034 FIG. 9 A schematic view of a transmission signal 
determining part in Embodiment 3. 
0035 FIG. 10 A flowchart showing a processing proce 
dure in the transmission signal determining part in Embodi 
ment 3. 
0036 FIG. 11 A schematic view of a transmission signal 
determining part in Embodiment 4. 
0037 FIG. 12 A flowchart showing a processing proce 
dure in the transmission signal determining part in Embodi 
ment 4. 
0038 FIG. 13 A view showing an SINR prediction method 
in Embodiment 4. 
0039 FIG. 14 A view of a table showing a relationship 
between an output SINR and an evaluation value in Embodi 
ment 4. 
0040 FIG. 15A view of a table showing a correspondence 
between a combination of signals and an evaluation value in 
Embodiment 4. 
0041 FIG. 16 A flowchart showing a control procedure in 
the transmission signal determining part in Embodiment 4. 
0042 FIG. 17 A view of a table showing a relationship 
among an output SINR, a transmission format, and an evalu 
ation value in Embodiment 5. 
0043 FIG. 18 A view of a table showing a relationship 
between an output SINR and an evaluation value in Embodi 
ment 5. 
0044 FIG. 19 A view showing an example of a format of 
a control signal used in Embodiment 5. 
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004.5 FIG. 20 A basic structural view of a multi-carrier 
communication system. 
0046 FIG.21A structural view of a transmitter/receiver of 
multi-carrier SDM transmission in Embodiment 6. 
0047 FIG.22A configuration view of a configuration of a 
transmission signal determining part in Embodiment 7. 
0048 FIG. 23 A flowchart showing a processing proce 
dure in the transmission signal determining part in Embodi 
ment 7. 

0049 FIG. 24. A view of a calculation method of an aver 
age output SINR in Embodiment 7. 
0050 FIG. 25 A basic structural view of a transmitter/ 
receiver for a MIMO system in Embodiment 8. 
0051 FIG. 26 A flowchart showing a transmission control 
method in Embodiment 8. 
0052 FIG. 27 A conceptual view of a transmitter/receiver 
for a MIMO system in Embodiment 9. 
0053 FIG. 28 A flowchart showing a transmission control 
method in Embodiment 9. 
0054 FIG. 29 A view of a table showing a correspondence 
between a combination of signal powers and an evaluation 
value in Embodiment 10. 
0055 FIG. 30 A flowchart showing a processing proce 
dure in the transmission signal determining part in Embodi 
ment 10. 
0056 FIG. 31 A view showing one example of a format of 
a control signal used in Embodiment 10. 
0057 FIG. 32 A structural view of a transmitter/receiver 
during SDMA transmission according to prior art. 
0058 FIG.33 A conceptual view of a transmitter/receiver 
configuration, and of reception beam formation during 
SDMA transmission according to prior art. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0059. Hereinafter, each embodiment of the present inven 
tion will be described with reference to the drawings. 

Embodiment 1 

0060. This embodiment relates to an efficient signal trans 
mission method and communication system in a MIMO sys 
tem in which a plurality of signals are subjected to space 
division multiplexing (SDM) transmission. In the following 
description, a transmitting side of an information signal will 
be referred to as a terminal A, and a receiving side thereof will 
be referred to as a terminal B. 
0061 FIG. 1 is a most basic transmission/reception struc 
tural view showing this embodiment. FIG. 2 is a flowchart 
showing a control procedure of this embodiment. FIG. 3 
shows how the terminal B notifies the terminal A of a control 
signal (control information). 
0062 FIG. 4 shows how the terminal Atransmits an infor 
mation signal to the terminal B. In FIG. 5, (a) represents a 
pilot signal sent from the terminal A, and (b) represents a 
control signal transmitted from the terminal B to the terminal 
A. FIG. 6 shows a configuration of a pilot signal detecting part 
at the terminal B. Hereinafter, this embodiment will be 
described with reference to FIGS. 1 to 6. 
0063. This embodiment relates to a high efficient signal 
transmission method that is applicable to a MIMO system 
irrespective of the number of transmission/reception anten 
nas in the system. 
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0064 Referring to FIG.2, a basic control procedure of this 
embodiment will be described. First, in this embodiment, the 
terminal A sends a pilot signal from each antenna 3 before 
sending an information signal (S101). When receiving the 
pilot signals, the terminal B estimates a propagation vector of 
each pilot signal as transmission-related information (S102). 
Although there are various specific methods of estimating a 
propagation vector, a specific example thereof will be 
described later. The terminal B determines, based on the 
estimated propagation vector, a transmission signal (trans 
mission channel) to be used for sending an information signal 
(S103), and notifies the terminal A of the transmission signal 
to be used with a control signal (S104). When receiving the 
control signal, the terminal A Selects the antenna 3 to be used 
based on the transmission signal to be used, and sends an 
information signal to the terminal B (S105). 
0065. By performing control in accordance with such a 
procedure, a transmission antenna can be selected in accor 
dance with a propagation environment, and efficient signal 
transmission can be performed. This embodiment is appli 
cable to any cases irrespective of the transmission/reception 
antennas. Particularly, in the case where the number N of the 
transmission antennas is larger than the number M of the 
reception antennas, by reducing the number of the transmis 
sion antennas used for sending, the information signal can 
smoothly be separated and received at the terminal B. 
0066 FIG. 1 shows a transmitter/receiver configuration in 
this control. In the figure, the terminal A1 (radio transmitter 
apparatus) includes a signal sending part 6, a control infor 
mation receiving part 7, and a transmission signal determin 
ing part 8. On the other hand, the terminal B2 (radio receiver 
apparatus) includes a pilot signal detecting part 9, a transmis 
sion signal determining part 10, a control information trans 
mitting part 11, and an information signal receiving part 12. 
0067. Furthermore, the terminal A1 includes Nantennas 3. 
and the terminal B2 includes Mantennas 4. The propagation 
characteristics of a propagation path 5 between a transmitter 
and a receiver are represented as a matrix H= 
0068 An operation of this embodiment will be described 
in detail with reference to FIGS. 1 and 2. The signal sending 
part 6 of the terminal A1 sends a pilot signal from each 
antenna 3 before sending an information signal (S101). The 
pilot signal detecting part 9 of the terminal B detects (i.e., 
receives) the pilot signals from the terminal A through the 
antennas 4, and estimates a propagation vector of each pilot 
signal (S102). Although there are various specific methods of 
estimating a propagation vector, a specific example thereof 
will be described later. The transmission signal determining 
part 10 judges (i.e., determines) a transmission signal to be 
used for sending an information signal based on the estimated 
propagation vector. In this embodiment, a combination of 
transmission signals used for transmitting an information 
signal is determined (S103). The control information trans 
mitting part 11 notifies the terminal A of the determined 
combination of transmission signals through the antennas 4 
with a control signal (S104). FIG. 3 shows transmission of a 
control signal from the terminal B2 to the terminal A1. The 
terminal A1 receives the control signal from the terminal B2 
through the antennas 3 at the control information receiving 
part 7, and the transmission signal determining part 8 deter 
mines a transmission signal to be used, based on the control 
signal, i.e., selects the antenna 3 to be used. After this, as 
shown in FIG. 4, the signal sending part 6 of the terminal A1 
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sends an information signal from the selected antenna 3 
(S105), and the terminal B receives an information signal at 
the information signal receiving part 12. 
0069. In FIG. 5, (a) represents a pilot signal 20 of this 
control, and (b) represents an example of each format of the 
control signal 21. The terminal A sends pilot signals S, (p). 
which are different from one another, from each antenna 3. 
Furthermore, in the control signal from the terminal B to the 
terminal A, the terminal A is notified of “1” in the case where 
transmission is performed with respect to antennas numbered 
#1 to HN, and notified of “0” in the case where transmission is 
not performed. Various types of signal formats are consid 
ered, and this format is merely an example. Any signal format 
may be used, as long as it is a pilot signal that can be used for 
estimating a propagation vector or a control signal that can 
notify the terminal A of a transmission signal to be used. 
0070 FIG. 6 shows a configuration of estimating a propa 
gation vectorat the pilot signal detecting part 9 of the terminal 
B. The estimation of a propagation vector can be performed 
by obtaining a correlation between the received pilot signal 
and the known pilot signal s(p) previously stored in the pilot 
signal detecting part 9 for each antenna. 
(0071 More specifically, a propagation vector hih, 
h;1, ... hill can be estimated by the following expression 
with respect to a reception vector X(p)=x(p), ..., X(p). 

0072 Herein, * represents a complex conjugate. Gener 
ally, this operation is realized using an MF (Matched Filter). 
Although FIG. 6 shows an example in which a propagation 
vector is estimated, any configuration other than this may be 
used, as long as propagation information that is transmission 
related information regarding a reception signal to a pilot 
signal is detected. Furthermore, any parameter other than a 
propagation vector may be used, as long as the parameter 
serves as effective propagation information regarding a pilot 
signal. 
0073. When the pilot signal detecting part 9 calculates 
propagation information (estimation of a propagation vec 
tor), the transmission signal determining part 10 selects a 
transmission signal using the information. Various methods 
of selecting a transmission signal are considered. Hereinafter, 
in Embodiments 2 to 5, some examples will be shown regard 
ing the method of selecting a transmission signal. The present 
invention is not limited to examples of a selection method 
described in Embodiments 2 to 5, and any selection method 
may be used as long as the transmission of an information 
signal is controlled using propagation information that is 
transmission-related information, whereby the efficiency of 
transmission is enhanced. 

Embodiment 2 

0074 This embodiment relates to an efficient transmission 
control method and communication system for a MIMO sys 
tem in which a plurality of signals are subjected to space 
division multiplexing (SDM) transmission. In particular, this 
embodiment shows one specific method regarding a method 
of selecting a transmission signal for the terminal B in 
Embodiment 1. 
0075 FIG.7 shows a transmission signal determining part 
10 in this embodiment. FIG. 8 is a flowchart showing a control 
procedure in the transmission signal determining part 10. 
Hereinafter, a method of selecting a transmission signal in 
this embodiment will be described with reference to FIGS. 7 
and 8. 
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0076. As shown in FIG. 7, the transmission signal deter 
mining part 10 selects R signals having power as large as 
possible from among a plurality of transmission signals. Spe 
cifically, when received a propagation vectorh, from the pilot 
signal detecting part 9, the transmission signal determining 
part 10 of the terminal B selects R signals in a decreasing 
order of norm h (S201). Then, the transmission signal 
determining part 10 notifies the control information transmit 
ting part 11 of numbers n of the selected signals (S202). 
0077 According to the above selection, a channel having 
a satisfactory propagation environment can be selected to be 
used. Furthermore, by setting the number R of signals to be 
selected to be smaller than the number M of reception anten 
nas, each information signal can also be separated and 
received at the terminal B. 
0078 Thus, according to this embodiment, a transmission 
signal (transmission channel) having a satisfactory propaga 
tion environment is selected to perform signal transmission. 
Furthermore, each information signal can Smoothly be sepa 
rated and received at the receiver. 

Embodiment 3 

0079. This embodiment relates to an efficient transmission 
control method and communication system for a MIMO sys 
tem in which a plurality of signals are subjected to space 
division multiplexing (SDM) transmission. In particular, this 
embodiment relates to one method regarding a method of 
selecting a transmission signal at the terminal B in Embodi 
ment 1, which is different from that of Embodiment 2. 
0080 FIG.9 shows a transmission signal determining part 
10 in this embodiment, and FIG. 10 is a flowchart showing a 
control procedure in the transmission signal determining part 
10. Hereinafter, a method of selecting a transmission signal in 
this embodiment will be described with reference to FIGS. 9 
and 10. 
0081. As shown in FIG. 9, the transmission signal deter 
mining part 10 selects R signals from among a plurality of 
transmission signals such that the spatial correlation becomes 
as Small as possible. Herein, the spatial correlation refers to a 
parameter defined by 

as this parameter is Smaller, signals n1, n2 are in a state close 
to a spatially orthogonal relationship. As the relationship 
between the signals is close to an orthogonal relationship, it is 
easy to separate two signals at the terminal B. According to 
this selection, signal transmission can be performed in an 
environment in which signals are likely to suppress one 
another. Accordingly, each information signal can easily be 
separated at the terminal B. 
0082. As a specific control procedure, when the propaga 
tion vector his estimated in the pilot signal detecting part 9 
of the terminal B, first, the transmission signal determining 
part 10 selects a signal n at which a norm his maximum 
(S301). Then, the selected signal n is added to a group of a 
variable n1 (S302). In an initial state, the group of n1 does not 
have elements. In a case where the number of elements of the 
variable n1 is smaller than R (S303), a signal n at which the 
Sum of spatial correlation of the signal belonging to the group 
n1 and the signal n: 

is minimum is newly selected from the group other than the 
group of the variable n1 (S305), and the signal n is added to 
the group n1 as an element (S302). Furthermore, in a case 
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where the number of elements of n1 is equal or larger than R 
at the end of Step S302 (S303), the control information trans 
mitting part 11 is notified of the number selected as the group 
n1 (S304), and the processing is completed. 
I0083. According to such a series of processing, a combi 
nation of signals having a small spatial correlation can be 
selected, and each information signal can Smoothly be sepa 
rated and received at the terminal B. Accordingly, high-effi 
cient signal transmission can be performed. Furthermore, 
even in a case where the number N of transmission antennas 
is larger than the number M of reception antennas, by setting 
the number R of signals to be selected to be smaller than the 
number M of reception antennas, each information signal can 
be separated and received at the terminal B. 

Embodiment 4 

0084. This embodiment relates to an efficient transmission 
control method and communication system in a MIMO sys 
tem in which a plurality of signals are subjected to space 
division multiplexing (SDM) transmission. In particular, this 
embodiment relates to one method of selecting a transmission 
signal at the terminal B in Embodiment 1, which is different 
from those of Embodiment 2 and Embodiment 3. 

I0085 FIG. 11 shows a configuration of the transmission 
signal determining part 10 in this embodiment. FIG. 12 is a 
flowchart showing a control procedure in the transmission 
signal determining part 10. FIG. 13 shows an example of an 
SINR prediction method used in this embodiment, and FIG. 
14 shows a correspondence table of an SINR for determining 
an evaluation value and an evaluation value in the transmis 
sion signal determining part 10. FIG. 15 shows results 
obtained by calculating an evaluation value with respect to 
various combinations of signals. A method of selecting a 
transmission signal of this embodiment will be described 
with reference to FIGS. 11 to 15. 

I0086. As shown in FIG. 11, the transmission signal deter 
mining part 10 includes a signal candidate selecting part 31, 
an output signal to interference-plus-noise ratio (SINR) cal 
culating part (hereinafter, referred to as an output SINR cal 
culating part) 32, a transmission evaluating part 33, and a use 
signal determining part 34. 
I0087. In the transmission signal determining part 10, first, 
the signal candidate selecting part 31 selects a candidate 
combination of transmission signals (S401). The output 
SINR calculating part 32 predicts an output SINR at the 
terminal B obtained in the case of sending a combination of 
transmission signals (S402). A specific example of a predic 
tion method will be described later. The transmission evalu 
ating part 33 determines an evaluation value with respect to 
the candidate combination of transmission signals from the 
predicted output SINR (S403). This evaluation is performed 
with respect to all various candidate combinations of trans 
mission signals (S404). Finally, the use signal determining 
part 34 selects a combination of transmission signals whose 
evaluation value is highest, and notifies the control informa 
tion transmitting part 11 of the combination (S405). 
I0088 FIG. 13 shows a method of predicting an output 
SINR of each signal performed in Step S402 in the output 
SINR calculating part 32. 
I0089. In calculation of the predicted SINR, a reception 
weight V, is first calculated using an estimated propagation 
vector h. 
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0090. For example, in the case of a ZF standard and an 
MMSE synthesis standard, the reception weight V, is given by 
the following expression. 

v, -(X.ohioho") "ho (in the case of the ZF standard) 

v, -(X.ohioho'+PI) 'ho (in the case of the MMSE 
standard) 

0091. By calculating power of a desired signal and an 
interference noise component with respect to the operated 
reception weight, an output SINR can be obtained by the 
following (Expression 2). 

where P is noise power, which is a value previously esti 
mated. 
0092. The reception weight V, may be a weight operation 
other than the ZF standard and the MMSE standard. The 
SINR prediction expression of (Expression 2) is applicable to 
any weight V, 
0093. When the output SINR is thus obtained, the trans 
mission evaluating part 33 determines a transmission evalu 
ation value based on the SINR. Herein, as a specific example, 
a method of setting an evaluation value to 0 or 1 in accordance 
with the SINR will be described. However, this embodiment 
is not limited to the transmission evaluating method based on 
the SINR, and a combination of signals can be selected based 
on various evaluation standards. 

(0094) The present invention is applicable to any MIMO 
system in which a candidate combination of signals is 
assumed, transmission evaluation is performed, and trans 
mission control is performed using results thereof. 
0095. The transmission evaluating part 33 has a table for 
determining an evaluation value with respect to an SINR as 
shown in FIG. 14. Herein, in the case where the SINR is 4 dB 
or more, an evaluation value is set to 1, and otherwise, set to 
0. This evaluation is executed respectively with respect to an 
output SINR of each signal. 
0096 FIG. 15 shows results obtained by performing the 
above evaluation with respect to various combinations 51 of 
signals. In this embodiment, various combinations of signals 
sent by three antennas are used. Herein, results obtained by 
performing the prediction of the output SINR 52, the calcu 
lation of the evaluation value 53 of each signal, and the 
calculation of the total 54 of the evaluation values (total 
evaluation value) are summarized. Thus, the total 54 of the 
evaluation values is calculated with respect to a combination 
of each signal, and a combination 55 of signals in which the 
total 54 of the evaluation values becomes maximum in the use 
signal determining part 34. 
0097. In the example shown in FIG. 15, in the case where 
the antennas #1 and #2 are used, and the antenna #3 is not 
used, the total of evaluation values becomes maximum, and 
this combination 55 is selected. In the case where a plurality 
of combinations reaching the maximum evaluation value are 
present, any one of them is selected. The terminal A is notified 
of the selected combination of signals through the control 
information transmitting part 11. 
0098. According to such a control method, a transmission 
efficiency can be evaluated from various transmission envi 
ronments, and a combination of signals having the most 
excellent transmission efficiency among them can be 
selected. As a result, compared with the conventional MIMO 
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system in which transmission control is not performed, a 
communication system having a high transmission efficiency 
can be built. 
0099. This embodiment can be used for enhancing the 
transmission efficiency with respect to any number of trans 
mission/reception antennas. In particular, when the number N 
of transmission antennas is larger than the number M of 
reception antennas, the transmission speed can be improved 
while achieving the state where signal division can be per 
formed at the terminal B, thereby producing a great applica 
tion effect. 

Embodiment 5 

0100. This embodiment relates to an efficient transmission 
control method and communication system in a MIMO sys 
tem in which a plurality of signals are subjected to Spatial 
Division Multiplexing (SDM) transmission. This embodi 
ment has the same configuration of a transmitter/receiver as 
that of Embodiment 1. However, the control signal notified 
from the terminal B to the terminal A is different, and in this 
embodiment, a transmission format number of each transmis 
sion signal is notified. 
0101 FIG. 16 shows a flowchart of a control procedure in 
the transmission signal determining part 10 in this embodi 
ment. FIG. 17 is a correspondence table of an output SINR for 
determining an evaluation value and an evaluation value in 
the transmission signal determining part 10. FIG. 18 shows 
results obtained by calculating an evaluation value with 
respect to various combinations of signals. FIG. 19 shows an 
example of a frame format of a control signals transmitted 
from the terminal B to the terminal A. Hereinafter, this 
embodiment will be described with reference to FIGS. 16 to 
19. 
0102 The transmission signal determining part 10 of this 
embodiment has the configuration in FIG. 11 in the same way 
as in Embodiment 4, and is composed of a signal candidate 
selecting part 31, an output SINR calculating part 32, a trans 
mission evaluating part 33, and a use signal determining part 
34. As a control procedure, first, the signal candidate selecting 
part 31 selects a candidate combination of transmission sig 
nals (S501), and the output SINR calculating part 32 predicts 
an output SINR of a signal with respect to the combination 
(S502). The transmission evaluating part 33 determines an 
evaluation value based on the results of the output SINR 
(S503). This evaluation value is calculated with respect to all 
various candidate combinations of signals (S504), and finally, 
a combination of transmission signals having a highest evalu 
ation value is selected by the use signal determining part 34. 
In this case, the use signal determining part 34 determines a 
transmission format Suitable for sending a combination of 
signals, and notifies the control information transmitting part 
11 of a transmission format number (S505). 
0103 FIG. 17 is a table for determining an evaluation 
value with respect to an output SINR predicted value. This 
table shows a transmission format and a transmission speed 
that realize predetermined communication quality with 
respect to the output SINR predicted value. Herein, the pre 
determined communication quality refers to a required stan 
dard regarding a Bit Error Rate (BER), a Packet Error Rate 
(PER), or the like. More specifically, a format such as an 
encoding method (coding ratio, constraint length, etc.) and a 
modulation scheme is set to cause a transmission speed to be 
as high as possible within a range satisfying BER or PER of 
the required standard. 
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0104 FIG. 17 shows the modulation scheme 63, the cod 
ingratio 64, and the like to be used under a certain SINR 62. 
In general, as the SINR increases, the endurance to a bit error 
becomes higher, so that a coding ratio can be set to be larger. 
Furthermore, multi-value modulation can also be used. As a 
result, the transmission speed 65 increases with the enhance 
ment of the SINR. 

0105. By using this table, it is possible to determine a 
transmission format for achieving predetermined required 
quality under a certain SINR, and a transmission speed 
thereof. Furthermore, if the transmission speed is used as an 
evaluation value, an evaluation value can also be calculated 
with respect to various combinations of signals. 
0106 FIG. 18 shows results obtained by calculating a total 
74 of evaluation values, using a transmission speed as an 
evaluation value 73 of each signal with respect to various 
combinations 71 of signals. The use signal determining part 
34 selects a combination of signals at which the total 74 of 
evaluation values becomes maximum in FIG. 18. In this 
embodiment, a combination (1, 1, 0) of signals at which the 
total of evaluation values becomes 10.5 is selected. 

0107. By selecting a combination at which the total of 
evaluation values becomes maximum, a transmission speed 
can be enhanced while a required quality standard is being 
satisfied in a MIMO system. 
0108. When a combination of signals is thus selected, a 
transmission format number is determined with reference to 
FIG. 17, and the terminal A is notified of the transmission 
format number through the control information transmitting 
part 11. FIG. 19 is an example showing a configuration of the 
control signal 81, and a transmission format number is speci 
fied for each signal. In this figure, “0” represents a transmis 
sion format number that is not used as a transmission signal. 
Furthermore, “8”, “15”, and “6” represent transmission for 
mat numbers when used as transmission signals, and in this 
embodiment, as shown in FIG. 17, transmission specification 
numbers “1” to “31 are selected in accordance with an SINR 
of each signal of the selected combination. 
0109 As described above, the terminal B selects a trans 
mission format number corresponding to a combination of 
transmission signals, and notifies the terminal A of the trans 
mission format number. The terminal A that is notified of the 
transmission format number transmits an information signal 
in accordance with a transmission format and a transmission 
speed corresponding to the notified transmission format num 
ber. 

0110. According to this procedure, communication with a 
higher transmission speed can be realized while satisfying 
required communication quality, compared with the conven 
tional MIMO system in which transmission control is not 
performed and the above-mentioned Embodiments 1 to 4. 
Thus, by adding a degree of freedom to the transmission 
format, more detailed system design can be performed, which 
can enhance a transmission speed. 
0111. In the above description, although a transmission 
speed is used as an evaluation value, a parameter other than 
the transmission speed may be used as an evaluation value. 

Embodiment 6 

0112. This embodiment relates to an efficient transmission 
control method and communication system in a MIMO sys 
tem in which a plurality of signals are subjected to space 
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division multiplexing (SDM) transmission. In particular, this 
embodiment shows SDM transmission performing multi-car 
rier transmission. 
0113 FIG.20 is a basic structural view illustrating general 
multi-carrier transmission. FIG. 21 is a structural view of 
transmission/reception in the case of applying the MIMO 
system to multi-carrier transmission. Hereinafter, this 
embodiment will be described with reference to FIGS. 20 and 
21. 
0114 Recently, in radio communication, there is a great 
demand for a system capable of performing higher-speed 
transmission and higher-speed movement, which necessitates 
broadband radio transmission. Regarding the transmission of 
a broadband signal, in particular, attention is being paid to a 
multi-carrier system performing parallel transmission of sig 
nals simultaneously using a plurality of carriers. According to 
the multi-carrier transmission system, low-speed data are 
arranged in parallel on a frequency, and sent simultaneously 
using different carriers. An attempt is made to enhance the 
transmission speed by performing parallel transmission of 
signals. 
0115 FIG. 20 is a basic structural view of a multi-carrier 
communication system. As shown in the figure, in a multi 
carrier signal sending part 91, a plurality of signals are mul 
tiplexed (93 to 96) with a plurality of different frequencies, 
whereby signal transmission is performed. Furthermore, in 
the multi-carrier signal receiving part 92 on a receiving side, 
signals multiplexed (93 to 96) with a plurality of different 
frequencies are separated to obtain a reception signal of each 
carrier. As shown in this figure, the signals multiplexed in the 
multi-carrier signal sending part 91 are transmitted under the 
condition of being multiplexed (93 to 96) with a plurality of 
frequencies. In this case, signals transmitted by each carrier 
can be dealt with independently. More specifically, individual 
signal processing can be performed for each carrier in the 
same way as in single-carrier transmission. Thus, in Embodi 
ments 1 to 5, although the case of the single-carrier transmis 
sion has been described, the similar access control method 
can also be applied to the multi-carrier transmission system. 
0116 FIG. 21 shows a configuration of signal processing 
in which the MIMO system of the present invention is applied 
to the multi-carrier transmission system. As shown in this 
figure, by configuring the MIMO system shown in Embodi 
ments 1 to 5 for each carrier, the MIMO system of the present 
invention can be applied to even the multi-carrier transmis 
sion system. That is, the terminal A1 includes multi-carrier 
signal sending parts 101 to 103, and the terminal B2 includes 
multi-carrier signal receiving parts 104 to 106. 

Embodiment 7 

0117. This embodiment shows a transmission control 
method and a communication system different from those of 
Embodiment 6, in particular, regarding the SDM transmis 
sion performing multi-carrier transmission. 
0118. By performing transmission control independently 
for each sub-carrier (each carrier) as shown in Embodiment 6, 
the control similar to that in the case of a single carrier can be 
performed. However, when independent control is performed 
with respect to all the sub-carriers, there is a problem in that 
a control amount increases. Then, in this embodiment, a 
method of enabling efficient signal transmission in a MIMO 
system while reducing a control amount will be described. 
0119 FIG. 22 is a structural view of the transmission 
signal determining part 10, and FIG. 23 is a flowchart show 
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ing control performed in the transmission signal determining 
part 10. FIG. 24 shows an average SINR calculation method 
used in the transmission signal determining part 10. Herein 
after, this embodiment will be described with reference to 
FIGS 22 to 24. 

0120 In Embodiment 6, although the evaluation and the 
selection of a signal are performed for each Sub-carrier, in this 
embodiment, one transmission evaluation and selection of a 
signal are performed with respect to all the sub-carriers. More 
specifically, an evaluation value with respect to all the sub 
carriers is set, and the selection of a transmission signal of all 
the sub-carriers is performed in accordance with the evalua 
tion value. As the evaluation value, various parameters such 
as average signal power, an average spatial correlation, and an 
average SINR can be used. Herein, the case of using an 
average SINR will be described as the use of one of the 
parameters. 
0121 FIG. 22 shows a configuration of the transmission 
signal determining part 10 in the case of performing one 
transmission evaluation and signal selection with respect to 
all the Sub-carriers. According to this procedure, first, the 
signal candidate selecting part 31 selects a candidate combi 
nation of transmission signals (S601), and the average output 
SINR calculating part 35 predicts an average output SINR 
(S602). A method of predicating and calculating an average 
output SINR will be described later. The transmission evalu 
ating part 33 determines an evaluation value with respect to 
the candidate combination of transmission signals from the 
prediction results of an average output SINR (S603). This 
evaluation is performed with respect to all various combina 
tions of transmission signals (S604), and finally, the use sig 
nal determining part 34 selects a combination of transmission 
signals having a highest evaluation value and notifies the 
control information transmitting part 11 of the combination 
(S605). 
0122) This procedure is configured in the same way as in 
Embodiment 4, except for using an average output SINR in 
place of output SINR. Furthermore, by using average signal 
power, an average spatial correlation, and an average SINR, 
even Embodiments 2, 3, and 5 can be extended to a control 
method of this embodiment during multi-carrier transmis 
Sion. 
0123 FIG. 24 shows a method of calculating average 
SINR. Herein, T., (n: transmission antenna number, l: sub 
carrier number) that is an SINR of each sub-carrier is calcu 
lated in the same way as in Embodiment 4 with respect to a 
signal candidate. After this, by averaging an SINR among 
sub-carriers, T that is an average SINR with respect to all the 
sub-carriers is calculated by the following Expression. 

T, ET, 

where EOI represents performing average regarding 1. 
0124. In the multi-carrier transmission, encoding/decod 
ing is generally performed over a plurality of Sub-carriers 
inmost cases. In this case, the multi-carrier reception charac 
teristics greatly depend upon an average SINR, and the trans 
mission characteristics can be substantially grasped based on 
the average SINR. Thus, in the multi-carrier transmission, by 
using an averaging parameter with respect to all the Sub 
carriers, efficient signal selection can be performed with a 
Small control amount. 

0.125. In this embodiment, a combination of signals to be 
used is selected using an average SINR, and the terminal A is 
notified of the combination with a control signal. In this case, 
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the control signal is common to all the Sub-carriers, and the 
control amount can be greatly reduced compared with 
Embodiment 6 in which a control method is required for each 
Sub-carrier. 

Embodiment 8 

0.126 This embodiment shows a method of sending a sig 
nal at the terminal A, which is different from Embodiments 1 
to 7 in SDM transmission. 
0127. In the SDM transmission of Embodiments 1 to 7, the 
terminal Asends a pilot signal and an information signal from 
each antenna 3. However, the terminal A may not necessarily 
send a signal individually from each antenna 3. In this 
embodiment, the case where the terminal A performs trans 
mission of a pilot signal and an information signal using a 
transmission beam will be described. 
0.128 FIG.25 is a structural view of a transmitter/receiver 
in this embodiment. The terminal A1 includes transmission 
weight calculators 111, 112, and 113, and the terminal B2 
includes reception weight multipliers 114, 115, and 116, 
whereby transmission beams 117, 118, and 119 are formed. 
FIG. 26 is a flowchart showing a control procedure in this 
embodiment. Hereinafter, this embodiment will be described 
with reference to FIGS. 25 and 26. 
I0129. In this embodiment, the terminal A multiplies a 
transmission signal s(p) by a weight W.W., W. . . . . 
w, to obtain a signal of each antenna 3. In the case where 
there are a plurality of transmission signals, the terminal A 
multiplies the transmission signals by different weights w, to 
generate signals individually for the respective antennas 3. 
and sends a plurality of signals concurrently. In this case, the 
transmission signals of the terminal A have directivity, 
whereby transmission beams 117 to 119 are formed. Thus, the 
terminal A can also send signals from the respective trans 
mission beams 117 to 119 instead of the respective antennas 
3. 
0.130. A procedure of transmission control of a MIMO 
system using transmission beam forming will be described 
with reference to FIG. 26 below. The terminal A first sends 
pilot signals from the respective transmission beams 117 to 
119 (S701). When receiving a pilot signal, the terminal B 
estimates a propagation vector of each signal (S702). Further 
more, the terminal B determines a transmission beam to be 
used based on the estimated propagation vector (S703) and 
notifies the terminal A of a transmission beam to be used with 
a control signal. When receiving the control signal, the ter 
minal A Selects a transmission beam to be used and sends an 
information signal to the terminal B (S705). 
0131 Thus, even in the case where the terminal A sends a 
signal using a transmission beam, efficient SDM transmission 
can be performed owing to the transmission control between 
the terminal A and the terminal B, respectively. Similarly, all 
the procedures of Embodiments 1 to 7 can be extended to the 
case of using a transmission beam. 
(0132. The number of transmission beams is not necessar 
ily the same as that of reception antennas. The number of 
transmission beams is determined based on the number of 
weight multipliers, and can be set to be either larger or Smaller 
than the number of transmission antennas. For example, the 
terminal A having two antennas 3 can also send four signals 
using four transmission beams. 

Embodiment 9 

I0133. In this embodiment, the application range of the 
methods of controlling transmission of Embodiments 1 and 8 
can be further extended with respect to SDM transmission. 
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0134. In Embodiment 8 and Embodiment 1, a method of 
controlling transmission has been stated based on the follow 
ing premises: 
0135 (1) the terminal A transmits a pilot signal from each 
transmission beam; and 
0.136 (2) the terminal A transmits a pilot signal from each 
antenna 3, respectively. However, actually, the terminal B can 
control transmission even without recognizing whether the 
state is (1) or (2). 
0.137 FIG.27 shows a concept of this transmission control 
method, and FIG. 28 shows an example of a flowchart of this 
embodiment. The terminal A1 sends pilot signals 121 and 122 
in either state (1) or (2) (S801). At this time, the terminal B2 
can estimate propagation vectors with respect to the pilot 
signals even without recognizing either one of (1) and (2) 
(S802). Furthermore, the terminal B can estimate any of 
signal power, a spatial correlation, and an output SINR by 
learning only a series of pilot signals. Furthermore, the ter 
minal B can also select appropriate signals corresponding to 
the pilot signals based on the results (S803). Furthermore, the 
terminal B can also notify the terminal A of a number of a 
transmission signal to be used (S804), thereby notifying the 
terminal A of the signal to be used. The terminal A having 
received a control signal sends an information signal to the 
terminal B from an antenna or a transmission beam (S805). 
0.138. Thus, if the terminal B learns only a series of pilot 
signals, the terminal B can perform the entire transmission 
control Smoothly even when the terminal A does not recog 
nize any of the states (1) and (2). As a result, even when the 
terminal A uses an arbitrary transmission beam or the like 
irrespective of the terminal B, there arises no problem in 
transmission control. 
0.139. From the above results, only a series of pilot signals 

is determined as a standard previously between terminals, and 
the use of a transmission beam can be subjected to the free 
determination of each terminal. As a result, it is not necessary 
to perform recognition and notification with respect to the 
presence/absence of a beam between terminals, and the ter 
minal A can use transmission beam formation with a small 
control amount. 

Embodiment 10 

0140. This embodiment relates to an efficient signal trans 
mission method and communication system in a MIMO sys 
tem in which a plurality of signals are subjected to space 
division multiplexing (SDM) transmission. 
0141 Unlike the control signal sent from the terminal B to 
the terminal A in Embodiment 5, in particular, this embodi 
ment is characterized in that the terminal B determines trans 
mission power of each signal, and notifies the terminal A of 
the transmission power in addition to a transmission format 
number. 
0142 FIG. 29 shows results obtained by calculating an 
evaluation value with respect to various combinations of sig 
nals in the transmission signal determining part 10. FIG. 30 
shows an example of a flowchart of this embodiment used in 
the transmission signal determining part 10. FIG. 31 is an 
example of frame format of a control signal 82 transmitted 
from the terminal B to the terminal A. Hereinafter, this 
embodiment will be described with reference to FIGS. 29 to 
31. 
0143. The transmission signal determining part 10 of this 
embodiment has the same configuration as that shown in FIG. 
11, and includes a signal candidate selecting part 31, an 
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output SINR calculating part 32, a transmission evaluating 
part 33, and a use signal determining part 34. However, the 
transmission signal determining part 10 of this embodiment is 
different from that of the above-mentioned Embodiment 5 in 
that transmission power is also transmitted from the terminal 
B to the terminal A in addition to a transmission format 
number. 

0144. As a control procedure, first, the signal candidate 
selecting part 31 selects a combination 75 of levels of trans 
mission power of each signal (S901), and the output SINR 
calculating part 32 predicts an output SINR 72 at the terminal 
B (S902). The transmission evaluating part 33 calculates an 
evaluation value (transmission speed) 73 with respect to each 
signal from the prediction results of each output SINR 72, and 
adds up the evaluation values with respect to the respective 
signals to determine a total 74 of transmission evaluation 
values (S903). This evaluation is performed with respect to 
various combinations of levels of transmission power of Sig 
nals (S904), and finally, the use signal determining part 34 
selects a combination of transmission power having a highest 
total of evaluation values and notifies the control information 
transmitting part 11 of the combination (S905). 
0145 FIG. 29 shows results obtained by predicting the 
output SINR 72 with respect to various combinations 75 of 
levels of signal power, and calculating an evaluation value. 
Herein, assuming that the power of an information signal is 
changed with respect to the power of a pilot signal, the output 
SINR 72 is predicted. This SINR prediction can be performed 
using the same operation method as that of (Expression 2). 
Furthermore, an evaluation value is determined using the 
predicted SINR. Thus, by calculating an evaluation value 
with respect to various combinations of levels of power, and 
selecting a combination having a highest total evaluation 
value, transmission power can be optimized. It should be 
noted that a combination of levels of power is created so that 
the total power of transmission signals is within a predeter 
mined range. 
0146 Thus, when a combination of levels of power of each 
signal is selected, the terminal A is notified of a transmission 
format number of the combination through the control infor 
mation transmitting part 11 together with the transmission 
power determined with reference to FIG. 17 in the same way 
as in Embodiment 5. FIG. 31 shows an example showing a 
configuration of a control signal 82. In FIG. 31, the transmis 
sion power corresponding to each signal is described in the 
left column as a ratio with respect to the current pilot signal, 
and the numerical value in the right column represents a 
transmission format number. In the item of power of this 
control signal, “0” to '3' are defined as the magnitude of the 
transmission power when used for a transmission signal, and 
“0” represents the case where the transmission format num 
ber is not used as a transmission signal. Furthermore, regard 
ing the transmission format number, “0” shows that the trans 
mission format number is not used as a transmission signal, 
and regarding the numbers used as transmission signals, 
transmission specification numbers “1” to “31 are selected 
in the same way as in Embodiment 5. 
0147 As described above, the terminal B selects a com 
bination of transmission power, and notifies the terminal A of 
the combination. The notified terminal A transmits an infor 
mation signal in accordance with the notified transmission 
power and transmission format number. 
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0148. In Examples 1 to 9, although a change in transmis 
Sion power of a signal has not been considered, the power of 
each transmission signal can be optimized in this embodi 
ment. As a result, signal transmission can be performed more 
efficiently in the MIMO system, considering also transmis 
sion power. 
0149. In this embodiment, although the case of applying a 
combination of power to Embodiment 5 has been described, 
the same procedure can be applied similarly to Embodiments 
1 to 9. More specifically, the method of selecting power using 
an SINR described in this embodiment is merely one specific 
example of the present invention, and various configurations 
of a MIMO system, in which the terminal B determines power 
based on propagation information and performs transmission 
control, can be used. 

Embodiment 11 

0150. This embodiment shows the case where a MIMO 
system and a CDMA system are used in combination. 
0151. When a DS-CDMA system and a multi-carrier 
CDMA system and a MIMO system are used in combination, 
after a code spreaded pilot signal is despreaded at the terminal 
B, the procedure similar to those of Embodiments 1 to 10 can 
be applied. Thus, the transmission control methods of 
Embodiments 1 to 10 can also be used in combination with a 
CDMA system such as the DS-CDMA system and the multi 
carrier CDMA system. 

INDUSTRIAL APPLICABILITY 

0152. A receiver selects a transmission method of a signal 
from a transmitter based on a pilot signal from the transmitter, 
and notifies the transmitter of the transmission method, and 
the transmitter sends an information signal to the receiver in 
accordance with a signal transmission method. Therefore, the 
present invention is applicable to a radio communication 
device in which signal separation can be performed smoothly, 
enhancing a transmission efficiency. 

1. A radio communication method by a radio communica 
tion system in which output signals are generated from a 
plurality of information signals and then transmitted respec 
tively at a plurality of different frequencies to a system of a 
communication partner from Nantennas, the method com 
prising: 

receiving control information by a control signal which is 
transmitted by the system of the communication partner; 
and 
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transmitting transmission signals respectively at the plu 
rality of frequencies from the Nantennas based on the 
received control information, the transmission signals 
each being generated based on a first operation result, 
which is obtained by multiplying a first information 
signal by a first N-dimensional weight vector, and a 
second operation result, which is obtained by multiply 
ing a second information signal by a second N-dimen 
sional weight vector, wherein 

the control information includes weight-related informa 
tion including a set of the first N-dimensional weight 
Vector and the second N-dimensional weight vector, 

the first information signal and the second information 
signal include a set of signals modulated and encoded 
individually, and 

the weight-related information is common to all of the 
plurality of frequencies used for signal transmission 
from the radio communication system to the system of 
the communication partner. 

2. A radio communication system in which output signals 
are generated from a plurality of information signals and then 
transmitted respectively at a plurality of different frequencies 
to a system of a communication partner from Nantennas, 
comprising: 

reception means for receiving control information by a 
control signal which is transmitted by the system of the 
communication partner; and 

transmission means for transmitting transmission signals 
respectively at the plurality of frequencies from the N 
antennas based on the received control information, the 
transmission signals each being generated based on a 
first operation result, which is obtained by multiplying a 
first information signal by a first N-dimensional weight 
Vector, and a second operation result, which is obtained 
by multiplying a second information signal by a second 
N-dimensional weight vector, wherein 

the control information includes weight-related informa 
tion including a set of the first N-dimensional weight 
Vector and the second N-dimensional weight vector, 

the first information signal and the second information 
signal include a set of signals modulated and encoded 
individually, and 

the weight-related information is common to all of the 
plurality of frequencies used for signal transmission 
from the radio communication system to the system of 
the communication partner. 
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