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Description

Technical Field

[0001] The present invention relates to a controller for
selecting an antenna for use in a multiple-input/multiple-
output communication (MIMO) transmission system for
performing mobile radio communications using a plurality
of antennas for transmissions and receptions.

Background Art

[0002] A MIMO transmission is used to improve a
transmission rate with limited frequency resources, and
different pieces of data are transmitted from a plurality
of correlated antennas, there by performing spatial mul-
tiplexing. Thus, a transmission rate can be improved with-
out increasing the frequency bands. The MIMO technol-
ogy is expected to be applied to a next-generation mobile
radio communication system mainly for a high-speed da-
ta communication such as LTE (long term evolution),
WiMax (worldwide interoperability for microwave ac-
cess), etc.
[0003] FIG. 1 illustrates an example of the configura-
tion of the conventional MIMO transmission system (2 x
2 MIMO). A cell 103 corresponding to a base station ap-
paratus 101 is formed by three sectors 1 through 3, and
the base station apparatus 101 has the configuration as
illustrated in FIG. 2.
[0004] The base station apparatus illustrated in FIG. 2
includes antennas 111 through 116, transmission/recep-
tion units (TRXs) 201 through 206, baseband processing
units (BBs) 211 through 213, and an interface (INT) 221.
Among them, the transmission/reception units 201
through 206 and the baseband processing units 211
through 213 are connected to one another via a bus 231.
In place of the bus 231, a mesh connection can be adopt-
ed. The interface 221 communicates with a base station
control device through a cable transmission line.
[0005] Each branch of sectors 1 through 3 is configured
by the following combination of an antenna and a trans-
mission/reception unit.

1. branch Br1 of sector 1: antenna 111 and trans-
mission/reception unit 201
2. branch Br2 of sector 1: antenna 112 and trans-
mission/reception unit 202
3. branch Br1 of sector 2: antenna 113 and trans-
mission/reception unit 203
4. branch Br2 of sector 2: antenna 114 and trans-
mission/reception unit 204
5. branch Br1 of sector 3: antenna 115 and trans-
mission/reception unit 205
6. branch Br2 of sector 3: antenna 116 and trans-
mission/reception unit 206

[0006] Since the MIMO transmission can be performed
in an area where a plurality of antennas can receive data,

the following conditions are considered to prevent the
MIMO transmission between the base station apparatus
101 and a mobile station 102 in the cell 103.

(1) Cell edge

[0007] The correlation of antennas cannot be recog-
nized when the mobile station 102 is apart from the base
station apparatus 101.

(2) Sector boundary

[0008] The MIMO transmission cannot be selected by
handover when the mobile station 102 is approaching
the boundary of sectors.
[0009] The mobile station 102 normally performs the
MIMO transmission by selecting a plurality of antennas
in good reception statuses. However, when the selected
antennas belong to respective different sectors, the MI-
MO transmission is not selected, and a fast cell selection
(FCS) or a soft handover (SHO) is selected because a
control target in the conventional scheduling is assigned
to a sector and the MIMO transmission over sectors is
not defined.
[0010] For example, when the mobile station 102 is
located around the center of the sector 1 the signal-to-
interference ratios (SIRs) of the branches Br1 and Br2
of the sector 1 are sufficiently large as illustrated for the
case C1 in FIG. 3, and the reception status is good.
Therefore, a 2 x 2 MIMO transmission is performed using
the antennas 111 and 112.
[0011] Next, when the mobile station 102 moves in the
vicinity of the boundary between the sectors 1 and 2, the
SIRs of the branch Br2 of the sector 1 and the branch
Br1 of the sector 2 are large, but the SIRs of the branch
Br1 of the sector 1 and the branch Br2 of the sector 2 are
small as illustrated for the case C2. Therefore, it is hard
to perform the 2 x 2 MIMO transmission, and the FCS or
the SHO is normally applied.
[0012] Next, when the mobile station 102 moves in the
vicinity of the center of the sector 2, the SIRs of the
branches Br1 and Br2 of the sector 2 are large as illus-
trated for the case C3, and the 2 x 2 MIMO transmission
is performed using the antennas 113 and 114.
[0013] Thus, when the mobile station 102 moves from
the sector 1 to the sector 2, it is necessary to switch the
connection of the user data by handover. As illustrated
in FIG. 4, when the mobile station 102 exists in the sector
1, the baseband processing unit 211 is connected to the
transmission/reception units 201 and 202, and the signal
processing for the user data 401 is performed.
[0014] If the transmission/reception units 201 through
204 are connected to the baseband processing unit 211
through the bus 231 or a mesh as illustrated in FIG. 2,
the connection is switched as illustrated in FIG. 5 when
the mobile station 102 moves to the sector 2. In this case,
the baseband processing unit 211 is connected to the
transmission/reception units 203 and 204.
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[0015] On the other hand, as designed for the HSDPA
(high speed downlink packet access), if the baseband
processing units 211 and 212 are respectively assigned
to the sectors 1 and 2, and the mobile station 102 moves
to the sector 2, then the user data 401 is moved to the
baseband processing unit 212 as illustrated in FIG. 6. In
this case, the baseband processing unit 212 is connected
to the transmission/reception units 203 and 204.
[0016] While the mobile station 102 exists around the
boundary of the sectors 1 and 2, the FCS is applied as
illustrated in FIG. 7. In this case, the baseband process-
ing unit 211 is connected to the transmission/reception
units 201 through 204, and the same data is transmitted
to the sectors 1 and 2.
[0017] As described above, while the mobile station
102 exists around the center of the sector 1 or 2, user
data can be transmitted at a high speed in the 2 x 2 MIMO
transmission. However, while the mobile station 102 ex-
ists around the boundary of the sectors 1 and 2, control
is passed to the FCS/SHO. Therefore, the transmission
rate is decreased, and the maximum transmission rate
may not be attained.
[0018] The following patent document 1 relates to a
communication system capable of switching selection di-
versity/MIMO transmission using a plurality of antennas,
and the patent document 2 relates to a system of dividing
base station antennas into a plurality of array groups and
controlling a directional beam in each array group. The
patent document 3 relates to a system of transmitting
data in a multiple diversity transmission mode.

Patent Document 1: Japanese Laid-open Patent
Publication No. 2005-333443
Patent Document 2: Japanese Laid-open Patent
Publication No. 2003-338781
Patent Document 3: Japanese Translation of PCT
International Application No. 2005-531219

[0019] EP 1 587 338 (A2) discloses a cellular mobile
communication system using multiple antennas. The
system reselects a plurality of transmission antennas of
base stations connected to a mobile station. The system
includes measuring a channel quality parameter used for
estimation of channel performance, determining whether
to reselect the transmission antennas using the meas-
ured channel quality parameter, reselecting transmission
antennas of the base stations connected to the mobile
station, and connecting the reselected transmission an-
tennas to the base station.
[0020] US 2006/234777 (A1) discloses a radio access
network having multiple sectors comprises two or more
sector transmitters serving respective sectors for trans-
mitting data to mobile stations; a plurality of antennas,
each antenna assigned to a respective sector transmitter;
and a antenna management processor controlling sector
antenna assignments and operative to dynamically re-
assign a sector antenna associated with a sector trans-
mitter in a first sector to a sector transmitter in a second

sector.

Disclosure of the Invention

[0021] An object of the present invention is to improve
average throughput in a cell of a mobile radio communi-
cation system by increasing the area where the MIMO
transmission can be realized in the cell. The invention
proposes a base station apparatus according to claim 1
and a communication method according to claim 5.
[0022] A base station apparatus performs radio com-
munications in a MIMO transmission with a mobile station
in a cell having a plurality of sectors, and includes one
or more antennas provided for each sector and a control
unit. When a mobile station moves in the vicinity of the
boundary of two sectors, the control unit selects an an-
tenna from among the antennas provided for each of the
sectors, and selects the MIMO transmission using the
selected antennas.
[0023] With the above-mentioned configuration, the
MIMO transmission can be performed at the boundary
of sectors, and the area in a cell where the MIMO trans-
mission can be performed increases. The control unit of
the first base station apparatus corresponds to, for ex-
ample, a scheduler 951 illustrated in FIG. 9 or a scheduler
1301 illustrated in FIG. 13.
[0024] There is also disclosed a base station apparatus
which performs radio communications in a MIMO trans-
mission with a mobile station in a cell having no sector
configuration, and includes a plurality of antennas pro-
vided corresponding to a cell and a control unit. The con-
trol unit selects two or more antennas from among the
plurality of antennas when the mobile station moves, and
selects the MIMO transmission using the selected anten-
nas.
[0025] With the above-mentioned configuration, the
MIMO transmission can be performed in any position in
the cell, and the area in a cell where the MIMO transmis-
sion can be performed increases. The control unit of the
second base station apparatus corresponds to, for ex-
ample, a scheduler 1951 illustrated in FIG. 19 and de-
scribed later.

Brief Description of the Drawings

[0026]

FIG. 1 illustrates the configuration of the convention-
al MIMO transmission system;
FIG. 2 illustrates the configuration of the convention-
al base station apparatus;
FIG. 3 illustrates the SIR in the conventional MIMO
transmission system;
FIG. 4 illustrates the state before handover;
FIG. 5 illustrates the first handover;
FIG. 6 illustrates the second handover;
FIG. 7 illustrates a fast cell selection;
FIG. 8 illustrates the configuration of the first MIMO
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transmission system;
FIG. 9 illustrates the configuration of the first base
station apparatus;
FIG. 10 illustrates the SIR in the first MIMO trans-
mission system;
FIG. 11 illustrates the first MIMO transmission;
FIG. 12 illustrates the second MIMO transmission;
FIG. 13 illustrates a centralized scheduler;
FIG. 14 illustrates scheduling control;
FIG. 15 illustrates the first scheduling control se-
quence;
FIG. 16 illustrates the relationship between the SIR
and a threshold in the first MIMO transmission sys-
tem;
FIG. 17 illustrates the arrangement of a threshold;
FIG. 18 illustrates the configuration of the second
MIMO transmission system;
FIG. 19 illustrates the configuration of the second
base station apparatus;
FIG. 20 illustrates the SIR in the second MIMO trans-
mission system;
FIG. 21 illustrates the second scheduling control se-
quence; and
FIG. 22 illustrates the relationship between the SIR
and a threshold in the second MIMO transmission
system.

Best Modes for Carrying Out the Invention

[0027] The best modes for embodying the present in-
vention are described below in detail with reference to
the attached drawings.
[0028] FIG. 8 illustrates an example of the configura-
tion (2 x 2 MIMO) of the MIMO transmission system ac-
cording to the present invention. A cell 803 managed by
a base station apparatus 801 is formed by three sectors
1 through 3 as illustrated in FIG. 1, and the base station
apparatus 801 has the configuration as illustrated in FIG.
9.
[0029] The base station apparatus illustrated in FIG. 9
is provided with antennas 811 through 816, transmis-
sion/reception units (TRXs) 901 through 906, and base-
band processing units (BBs) 911 through 913. Among
them, the transmission/reception units 901 through 906
and the baseband processing units 911 through 913 are
interconnected to one another via a bus 961. The bus
961 can be replaced with a mesh connection.
[0030] Each branch of the sectors 1 through 3 is con-
figured by the combination of the following antennas and
transmission/reception units.

1. branch Br1 of sector 1: antenna 811 and trans-
mission/reception unit 901
2. branch Br2 of sector 1: antenna 812 and trans-
mission/reception unit 902
3. branch Br1 of sector 2: antenna 813 and trans-
mission/reception unit 903
4. branch Br2 of sector 2: antenna 814 and trans-

mission/reception unit 904
5. branch Br1 of sector 3: antenna 815 and trans-
mission/reception unit 905
6. branch Br2 of sector 3: antenna 816 and trans-
mission/reception unit 906

[0031] The transmission/reception units 901 through
906 perform the signal processing for each antenna (for
each branch). The transmission/reception unit 901 in-
cludes a radio unit (RF) 921 and a modulation/demodu-
lation unit (Mod/Dem) 931. Similarly, the transmission/re-
ception units 902 and 906 respectively include radio units
922 through 926 and modulation/demodulation units 932
through 936.
[0032] The baseband processing units 911 through
913 perform the signal processing for each user. The
baseband processing unit 911 includes a coder/decoder
941 and the scheduler 951. Similarly, the baseband
processing units 912 and 913 respectively include the
coder/decoder 941 and 942, and schedulers 952 and
953.
[0033] Schedulers 951 through 953 are implemented
using, for example, a CPU (central processing unit) and
a memory and select an antenna, a modulation system,
etc. for the MIMO transmission by performing scheduling
control according to the quality information about a signal
transmitted/received through the antennas 811 through
816.
[0034] With the above-mentioned configuration, the
baseband processing unit processing user data can be
connected to any antenna of any sector although a mobile
station 802 moves.
[0035] In FIG. 9, since a transmission system using a
shared channel without CDMA (code division multiple
access) is considered, a modulation/demodulation unit
is provided in a transmission/reception unit. On the other
hand, a modulation/demodulation unit can be provided
in the baseband processing unit in the transmission sys-
tem etc. using the CDMA.
[0036] In FIG. 8, when the mobile station 802 is located
around the center of the sector 1, the SIRs of the branch-
es Br1 and Br2 of the sector 1 are large as illustrated for
the case C1 in FIG. 10, thereby performing a 2 x 2 MIMO
transmission using the antennas 811 and 812. In this
case, as illustrated in FIG. 11, the coder/decoder 941 of
the baseband processing unit 911 is connected to the
transmission/reception units 901 and 902, and codes/de-
codes user data.
[0037] Next, when the mobile station 802 moves in the
vicinity of the boundary between the sectors 1 and 2, the
SIRs of the branch Br2 of the sector 1 and the branch
Br1 of the sector 2 are large as illustrated for the case
C2. Therefore, the 2 x 2 MIMO transmission is performed
using the antennas 812 and 813. In this case, as illus-
trated in FIG. 12, the coder/decoder 941 of the baseband
processing unit 911 is connected to the transmission/re-
ception units 902 and 903, and codes/decodes user data.
[0038] Next, when the mobile station 802 moves in the
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vicinity of the center of the sector 2, the SIRs of the
branches Br1 and Br2 of the sector 2 are large as illus-
trated for the case C3. Therefore, the 2 x 2 MIMO trans-
mission is performed using the antennas 813 and 814.
[0039] Thus, the MIMO transmission can be performed
at the maximum transmission rate at the sector boundary
by removing the signal processing assigned to a sector
and flexibly selecting antennas used in the MIMO trans-
mission. Therefore, depending on the connection state
of the mobile station 802, the FCS or the MIMO trans-
mission can be selected in the downlink , or the SHO
(including the number of selected sectors) or the MIMO
transmission can be selected in the uplink.
[0040] As illustrated in FIGS. 11 and 12, the baseband
processing unit for processing user data is not changed
although the mobile station 802 moves. Therefore, any
problem such as an instant disconnection etc. does not
occur.
[0041] In the conventional system illustrated in FIG. 1,
there can be the case in which the MIMO transmission
cannot be performed at the sector boundary, and there
is an area in which the MIMO transmission cannot be
applied in a cell. However, in the system illustrated in
FIG. 8, the MIMO transmission can be performed at the
sector boundary, and the area where the MIMO trans-
mission can be performed in a cell increases. By adopting
a connection configuration and a scheduler capable of
selecting the MIMO/FCS/SHO, the MIMO transmission
can be selected at the sector boundary around the base
station, and the FCS/SHO can be selected at the sector
boundary of a cell edge. Thus, appropriate control can
be performed depending on the environment in a cell.
[0042] Next, the scheduling control in the base station
apparatus 801 is described below with reference to FIGS.
13 through 17.
[0043] The configuration of the scheduling control can
be the distributed system of implementing the schedulers
951 through 953 respectively for the baseband process-
ing units 911 through 913 as illustrated in FIG. 9, and the
centralized system of implementing the scheduler 1301
separate from the baseband processing units 911
through 913 as illustrated in FIG. 13.
[0044] In the distributed configuration, the assignment
of all branches in the base station apparatus 801 is man-
aged as distributed for each baseband processing unit.
The managing method can be a method of restricting the
number of branches managed for each baseband
processing unit, a method of providing a master sched-
uler in any of the baseband processing units, etc.
[0045] In the centralized configuration, the assignment
of all branches in the base station apparatus 801 is man-
aged by the scheduler 1301. Since the assignment status
of all branches is managed by the scheduler 1301, the
assignment of a destination branch can be performed at
a high speed.
[0046] FIG. 14 illustrates an example of scheduling
control in the distributed configuration. In this example,
the scheduler 951 of the baseband processing unit 911

for managing mainly the sector 1 manages the mobile
station 802 in communications, and the resource (the
branches Br1 and Br2 of the sector 1) in communications
with the mobile station 802 is assigned to the baseband
processing unit 911.
[0047] In the downlink, a signal (pilot signal) of a shared
channel is constantly transmitted from each antenna of
each sector. The mobile station 802 receives these sig-
nals and recognizes to which base station and sector it
belongs, observes the reception status of the signal of
each branch, and collects the CQI (channel quality indi-
cator) information indicating the reception status. The
CQI information can be, for example, an SIR, a Doppler
frequency, a delay spread, etc.
[0048] When the mobile station 802 is connected, the
CQI information is included in the uplink signal and fed
back to the base station apparatus 801. The scheduler
951 of the base station apparatus 801 that has received
the fed back information first recognizes the reception
status of the mobile station 802, and then selects the
sector, an antenna, and a transmitting method (MIMO,
FCS, modulation system, coding rate, etc.) to be used in
the transmission in the downlink. The factors for deter-
mining these selection items can be the amount of down
transmission, the number of users in the sector, etc.
[0049] Generally, when the MIMO transmission is ap-
plied, a certain level of SIR is required. If the SIR does
not reach a predetermined value, it can be advantageous
that the FCS is selected with an error rate and the fre-
quency of retransmissions taken into account. If a high-
speed transmission is requested in the downlink, and
there are two or more antennas having an SIR equal to
or exceeding a threshold x (a relatively higher quality) as
illustrated in the case C2, the scheduler 951 selects the
MIMO transmission. On the other hand, if the SIR is equal
to or exceeds a threshold y and does not reach the thresh-
old x as illustrated for the case C4, it selects the FCS.
[0050] When the antenna of the sector 2 is used in a
determined transmitting method, it is necessary to con-
firm the resource assignment state of the sector 2. There-
fore, a control signal about scheduling is transmitted/re-
ceived between the schedulers 951 and 952. Then, after
the resource assignment and the adjustment of the trans-
mission timing are completed between the schedulers,
the MIMO transmission is started.
[0051] FIG. 15 illustrates the sequence of the sched-
uling control. First, the baseband processing unit 911 MI-
MO transmits user data to the mobile station 802 through
the transmission/reception units 901 and 902 of the sec-
tor 1 (step 1501), and the mobile station 802 receives
the user data and a pilot signal (step 1502).
[0052] Afterwards, the MIMO transmission is contin-
ued between the baseband processing unit 911 and the
mobile station 802 through the transmission/reception
units 901 and 902 of the sector 1 (step 1503). In the
meantime, as illustrated for the case C1 in FIG. 16, the
SIRs of the branches Br1 and Br2 of the sector 1 exceed
the threshold x. The mobile station 802 transmits the SIR,
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a Doppler frequency, and a delay spread of each branch
of each sector as the CQI information to the baseband
processing unit 911 (step 1504).
[0053] Next, the scheduler 951 of the baseband
processing unit 911 performs a threshold judgment for
the SIR contained in the received CQI information (step
1505). In this example, as illustrated for the case C2 in
FIG. 16, it is recognized that the SIRs of the branch Br1
of the sector 1 and the branch Br2 of the sector 2 do not
reach the threshold x, and the SIRs of the branch Br2 of
the sector 1 and the branch Br1 of the sector 2 exceed
the threshold x.
[0054] Then, the MIMO transmission using the branch
Br2 of the sector 1 and the branch Br1 of the sector 2 is
selected, and the resource assignment status of the sec-
tor 2is inquired of the scheduler 952 of the baseband
processing unit 912 (step 1506). Then, the scheduler 952
returns a reply message that there is available resource
in the branch Br1 of the sector 2 (step 1507).
[0055] Next, the scheduler 951 transmits a setting
change notice message to the mobile station 802, and
notifies the station that the antenna is to be changed after
the transmission of a predetermined number of frames
(step 1508). Then, the mobile station 802 returns a reply
message (step 1509).
[0056] Next, the scheduler 951 transmits a connection
release message to the transmission/reception unit 901
(step 1510), and the transmission/reception unit 901 re-
turns a reply message (step 511). The scheduler 951
transmits a connection setting message to the transmis-
sion/reception unit 903 (step 1512), and the transmis-
sion/reception unit 903 returns a reply message (step
1513).
[0057] Next, the scheduler 951 transmits a transmis-
sion resumption message to the mobile station 802 (step
1514). The baseband processing unit 911 MIMO trans-
mits user data to the mobile station 802 through the trans-
mission/reception unit 902 of the sector 1 and the trans-
mission/reception unit 903 of the sector 2 (step 1515),
and the mobile station 802 receives the user data and a
pilot signal (step 1516).
[0058] Afterwards, the MIMO transmission is contin-
ued between the baseband processing unit 911 and the
mobile station 802 through the transmission/reception
unit 902 of the sector 1 and the transmission/reception
unit 903 of the sector 2 (step 1517). Then, the mobile
station 802 transmits the CQI information about each
branch of each sector to the baseband processing unit
911 (step 1518).
[0059] If the mobile station 802 further moves and en-
ters the state as illustrated for the case C3 in FIG. 16,
then the MIMO transmission is performed between the
baseband processing unit 911 and the mobile station 802
through the transmission/reception units 903 and 904 of
the sector 2.
[0060] A radio propagation environment constantly
changes by the moving speed of the mobile station 802
and the influence of a multipath system by the reflecting

object in the vicinity. The moving speed can be estimated
by the mobile station 802 measuring the Doppler frequen-
cy. The influence of the multipath system can be digitized
by obtaining the delay spread.
[0061] The delay spread refers to a standard deviation
of a power delay profile indicating the spread of the power
distribution with respect to the delay time. When the pow-
er delay profile of the reception wave (direct wave or de-
lay wave) at time τ is represented by a function p(τ), the
delay spread Tm is obtained by the following equation. 

[0062] where the summation symbols in the equations
(2) and (3) indicate the summation with respect to a direct
wave and a plurality of delay waves.
[0063] The scheduler 951 changes the threshold of the
SIR using a Doppler frequency and/or a delay spread
included in the received CQI information as necessary
in step 1505 to consider the influence of the moving
speed and the multi-pass system.
[0064] If the SIRs of the branch Br2 of the sector 1 and
the branch Br1 of the sector 2 are SIR12 and SIR21 re-
spectively, a normal antenna selection logic is defined
as follows.

1. SIR12 ≥ x, SIR21 ≥ x
→ MIMO, branch Br2 of sector 1 and branch Br1 of
sector 2

2. SIR12 ≥ x, x > SIR21 ≥ y
→ downlink: FCS, branch Br2 of sector 1 or branch
Br1 of sector 2
uplink: SHO, branch Br2 of sector 1 or branch Br1
of sector 2

3. x > SIR12 ≥ y, SIR21 ≥ x
→ downlink: FCS, branch Br2 of sector 1 or branch
Br1 of sector 2
uplink: SHO, branch Br2 of sector 1 or branch Br1
of sector 2

4. x > SIR12 ≥ y, x > SIR21 ≥ y
→ downlink: FCS, branch Br2 of sector 1 or branch
Br1 of sector 2
uplink: SHO, branch Br2 of sector 1 or branch Br1

9 10 
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of sector 2

5. x > SIR12 ≥ y, y > SIR21
→ branch Br2 of sector 1

6. y > SIR12, x > SIR21 ≥ y
→ branch Br1 of sector 2

7. y > SIR12, y > SIR21
→ transmission disabled

[0065] On the other hand, when the Doppler frequency
fd and the delay spread σ are considered, the thresholds
x and y are adjusted by the following equations, and an
antenna is selected on the basis of the above-mentioned
logic using the adjusted thresholds x’ and y’. 

[0066] "α" in the equations (4) and (5) is a parameter
set depending on the value of the delay spread σ and "β"
is a parameter set depending on the value of the Doppler
frequency fd. The correspondence between σ and α and
the correspondence between fd and β are assigned in,
for example, a table format to the scheduler 951.
[0067] In this example, an antenna is selected on the
basis of the SIR of each branch, but it is also possible to
select an antenna on the basis of other quality information
indicating the quality of a signal of each branch. In this
case, other quality information is transmitted as the CQI
information from the mobile station 802.
[0068] In addition, with the configuration illustrated in
FIGS. 8 and 9, a cell is divided into three sectors, and
two branches are provided for each sector. However,
generally, it is possible to divide a cell into two or more
sectors, and provide N (N ≥ 2) branches for each sector.
In this case, at the sector boundary, one or more anten-
nas belonging to each sector are selected to perform the
MIMO transmission.
[0069] In the MIMO transmission system illustrated in
FIG. 8, a cell in a sector configuration is assumed, but a
MIMO transmission system without the concept of the
sector configuration can be considered as illustrated in
FIG. 18. In this case, a cell 1803 managed by a base
station apparatus 1801 is not divided into sectors, and
the scheduling control is performed not in units of sector,
but antenna. The base station apparatus 1801 has the
configuration as illustrated in FIG. 19.
[0070] The base station apparatus illustrated in FIG.
19 is provided with antennas 1811 through 1816, trans-
mission/reception units (TRXs) 1901 through 1906, and
baseband processing units (BBs) 1911 through 1913.
Among them, the transmission/reception units 1901

through 1906 and the baseband processing units 1911
through 1913 are interconnected via a bus 1961. The
bus 1961 can be replaced with a mesh connection.
[0071] Each branch is configured by a combination of
the following antennas and transmission/reception units.

1. branch Br1: antenna 1811 and transmission/re-
ception unit 1901
2. branch Br2: antenna 1812 and transmission/re-
ception unit 1902
3. branch Br3: antenna 1813 and transmission/re-
ception unit 1903
4. branch Br4: antenna 1814 and transmission/re-
ception unit 1904
5. branch Br5: antenna 1815 and transmission/re-
ception unit 1905
6. branch Br6: antenna 1816 and transmission/re-
ception unit 1906

[0072] The transmission/reception units 1901 through
1906 perform signal processing for each antenna (for
each branch). The transmission/reception unit 1901 in-
cludes a radio unit (RF) 1921 and a modulation/demod-
ulation unit (Mod/Dem) 1931. Similarly, the transmis-
sion/reception units 1902 through 1906 respectively in-
clude radio units 1922 through 1926 and modulation/de-
modulation units 1932 through 1936.
[0073] The baseband processing units 1911 through
1913 perform the signal processing for each user. The
baseband processing unit 1911 includes a coder/decod-
er 1941 and schedulers 1951 and 1952. Similarly, the
baseband processing unit 1912 includes a coder/decod-
er 1942 and schedulers 1953 and 1954, and the base-
band processing unit 1913 includes a coder/decoder
1943 and schedulers 1955 and 1956.
[0074] The schedulers 1951 through 1956 manage the
resources of the branches Br1 through Br6 respectively,
and performs the scheduling control for each branch.
[0075] In FIG. 18, when a mobile station 1802 is located
at the position P1, the SIRs of the branches Br1 and Br2
are large as illustrated for the case C1 in FIG. 20. There-
fore, the 2 x 2 MIMO transmission is performed using the
antennas 1811 and 1812.
[0076] Next, when the mobile station 1802 moves to
the position P2, the SIRs of the branches Br2 and Br3
are large as illustrated for the case C2, the 2 x 2 MIMO
transmission is performed using the antennas 1812 and
1813.
[0077] Next, when the mobile station 1802 further
moves ahead, the SIRs of the branches Br3 and Br4 are
large as illustrated for the case C3. Therefore, the 2 x 2
MIMO transmission is performed using the antennas
1813 and 1814.
[0078] With the above-mentioned configuration, since
the FCS/SHO are not applied at the sector boundary, the
load of the scheduling control is lighter than in the case
of the sector configuration.
[0079] FIG. 21 illustrates the sequence of the sched-
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uling control in the system illustrated in FIG. 18. The
baseband processing unit 1911 MIMO transmits user da-
ta to the mobile station 1802 through the transmission/re-
ception units 1901 and 1902 (step 2101), and the mobile
station 1802 receives user data and a pilot signal (step
2102).
[0080] Then, the MIMO transmission is continued be-
tween the baseband processing unit 1911 and the mobile
station 1802 through the transmission/reception units
1901 and 1902 (step 2103). In the meantime, as illustrat-
ed for the case C1 in FIG. 22, the SIRs of the branches
Br1 and Br2 exceed the threshold x. The mobile station
1802 transmits the CQI information of each branch to the
baseband processing unit 1911 (step 2104).
[0081] Next, the scheduler 1951 of the baseband
processing unit 1911 performs a threshold judgment for
the SIR included in the received CQI information (step
2105). In this example, as illustrated for the case C2 in
FIG. 22, the SIRs of the branches Br1 and Br4 are smaller
than the threshold x, and the SIRs of the branches Br2
and Br3 exceed the threshold x.
[0082] The MIMO transmission using the branches Br2
and Br3 is selected, and the resource assignment status
of the branch Br3 is inquired of the scheduler 1953 of the
baseband processing unit 1912 (step 2106). Then, the
scheduler 1953 returns a reply message that there is
available resource in the branch Br3 (step 2107).
[0083] Next, the scheduler 1951 transmits a setting
change notice message similar to the message illustrated
in FIG. 15 to the mobile station 1802 (step 2108), and
the mobile station 802 returns a reply message (step
2109).
[0084] Next, the scheduler 1951 transmits a connec-
tion release message to the transmission/reception unit
1901 (step 2110), and the transmission/reception unit
1901 returns a reply message (step 2111). Then, the
scheduler 1951 notifies the scheduler 1952 of a change
of the management source of the user data from the
branch Br1 (scheduler 1951) to the branch Br2 (sched-
uler 1952) (step 2112).
[0085] Next, the scheduler 1952 transmits a connec-
tion setting message to the transmission/reception unit
1903 (step 2113), and the transmission/reception unit
1903 returns a reply message (step 2114).
[0086] Next, the scheduler 1952 transmits a transmis-
sion resumption message to the mobile station 1802
(step 2115). Then, the baseband processing unit 1911
MIMO transmits user data to the mobile station 1802
through the transmission/reception units 1902 and 1903
(step 2116), and the mobile station 1802 receives the
user data and a pilot signal (step 2117).
[0087] Then, the MIMO transmission is continues be-
tween the baseband processing unit 1911 and the mobile
station 1802 through the transmission/reception units
1902 and 1903 (step 2118). The mobile station 1802
transmits the CQI information about each branch to the
baseband processing unit 1911 (step 2119).
[0088] If the mobile station 1802 further moves and

enters the state illustrated for the case C3 in FIG. 22, the
MIMO transmission is performed between the baseband
processing unit 1911 and the mobile station 1802 through
the transmission/reception units 1903 and 1904.
[0089] In the above-mentioned scheduling control, the
number of schedulers is larger than in the case illustrated
in FIG. 15. Therefore, the process appears complicated.
However, there is a merit that the size of each scheduler
can be smaller than that in the case illustrated in FIG.
15, and that one baseband processing unit can be flexibly
combined with a plurality of branches. Therefore, it can
be considered that a switching operation can be easily
performed when the system becomes faulty, and that
additional antennas can be easily installed.
[0090] If the SIRs of the branches Br2 and Br3 are re-
spectively SIR2 and SIR3, the scheduler 1951 selects
an antenna in the following logic in step 2105.

1. SIR2 ≥ x, SIR3 ≥ x
→ MIMO, branches Br2 and Br3
2. SIR2 ≥ x, x > SIR3 ≥ y
→ branch Br2 or Br3
3. x > SIR2 ≥ y, SIR3 ≥ x
→ branch Br2 or Br3
4. x > SIR2 ≥ y, x > SIR3 ≥ y
→ branch Br2 or Br3
5. x > SIR2 ≥ y, y > SIR3
→ branch Br2
6. y > SIR2, x > SIR3 ≥ y
→ branch Br3
7. y > SIR2, y > SIR3
→ transmission disabled

[0091] The thresholds x and y can also be changed
into thresholds x’ and y’ in the above-mentioned adjusting
method. In addition, with the configuration illustrated in
FIGS. 18 and 19, six branches are provided. However,
N (N ≥ 2) branches can be normally provided. In this
case, two or more antennas are selected from among N
antennas, thereby performing the MIMO transmission.

Claims

1. A base station apparatus (801) which performs radio
communications in a multiple-input/multiple-output
transmission with a mobile station (802) in a cell
(803) having a plurality of sectors, the base station
apparatus comprising:

one or more antennas (811-816) provided for
each of the plurality of sectors; and
a control unit (951-953, 1301) configured
to compare quality information of a signal re-
ceived by the mobile station (802) from each an-
tenna (811-816) with a threshold (x), wherein
the quality information is received by the base
station apparatus (801) from the mobile station
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(802),
to select a first antenna (812) from among the
antennas provided for a first sector of two sec-
tors, the first antenna having the quality infor-
mation exceeding the threshold (x), and a sec-
ond antenna (813) from among the antennas
provided for a second sector of the two sectors,
the second antenna having the quality informa-
tion exceeding the threshold (x), when the mo-
bile station (802) moves in a vicinity of a bound-
ary of the two sectors, and
to select a multiple-input/multiple-output trans-
mission using the selected first and second an-
tennas (812, 813).

2. The base station apparatus according to claim 1,
wherein
the control unit (951-953, 1301) is configured to se-
lect a transmission by a fast cell selection or soft
handover unless there is a plurality of antennas hav-
ing the quality information exceeding the threshold.

3. The base station apparatus according to claim 2,
wherein
the control unit (951-953, 1301) is configured to ad-
just the threshold according to information about a
Doppler frequency or a delay spread of the signal
received by the mobile station from each antenna.

4. The base station apparatus according to any of
claims 1, 2, and 3, wherein:

the control unit (951-953, 1301) includes a first
scheduler to manage the first antenna of the first
sector from which the mobile station moves, and
a second scheduler to manage the second an-
tenna of the second sector to which the mobile
station moves;
the first scheduler is configured to inquire of the
second scheduler about whether or not the sec-
ond antenna of the second sector is available,
and to select a multiple-input/multiple-output
transmission using the second antenna of the
second sector if the second antenna of the sec-
ond sector is available.

5. A communication method for performing radio com-
munications in a multiple-input/multiple-output
transmission with a mobile station (802) in a cell
(803) having a plurality of sectors, the communica-
tion method comprising the steps:

receiving from the mobile station (802) quality
information of a signal received by the mobile
station (802) from each of one or more antennas
(811-816) provided for each of the plurality of
sectors;
comparing the quality information with a thresh-

old (x);
selecting a first antenna (812) from among the
antennas provided for a first sector of two sec-
tors of the plurality of sectors, the first antenna
having the quality information exceeding the
threshold (x), and a second antenna from among
the antennas provided for a second sector of the
two sectors of the plurality of sectors, the second
antenna having the quality information exceed-
ing the threshold (x), when the mobile station
(802) moves in a vicinity of a boundary of the
two sectors; and
performing a multiple-input/multiple-output
transmission using the selected first and second
antennas (812, 813).

Patentansprüche

1. Eine Basisstationsvorrichtung (801), welche Funk-
kommunikationen in einer Mehrfach-Eingabe/Mehr-
fach-Ausgabe-Übertragung mit einer Mobilstation
(802) in einer Zelle (803) mit einer Vielzahl von Sek-
toren ausführt, wobei die Basisstationsvorrichtung
umfasst:

eine oder mehrere Antennen (811-816), welche
für einen jeden der Vielzahl von Sektoren vor-
gesehen sind; und
eine Steuereinheit (951-953, 1301), ausgebildet
zum Vergleichen einer Qualitätsinformation ei-
nes durch die Mobilstation (802) von einer jeden
Antenne (811-816) empfangenen Signals mit ei-
nem Schwellenwert (x), wobei die Qualitätsin-
formation durch die Basisstationsvorrichtung
(801) von der Mobilstation (802) empfangen
wird,
zum Auswählen einer ersten Antenne (812) aus
den für einen ersten Sektor aus zwei Sektoren
bereitgestellten Antennen, wobei die erste An-
tenne die den Schwellenwert (x) überschreiten-
de Qualitätsinformation aufweist, und einer
zweiten Antenne (813) aus den für einen zwei-
ten Sektor der zwei Sektoren bereitgestellten
Antennen, wobei die zweite Antenne die den
Schwellenwert (x) überschreitende Qualitätsin-
formation aufweist, wenn die Mobilstation (802)
sich in einer Umgebung einer Grenze der zwei
Sektoren bewegt, und
zum Auswählen einer Mehrfach-Eingabe/Mehr-
fach-Ausgabe-Übertragung unter Verwendung
der ausgewählten ersten und zweiten Antenne
(812, 813).

2. Basisstationsvorrichtung gemäß Anspruch 1, wobei
die Steuereinheit (951-953, 1301) ausgebildet ist, ei-
ne Übertragung durch eine schnelle Zellenauswahl
oder eine sanfte Verbindungsübergabe auszuwäh-
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len, es sei denn, es gibt eine Vielzahl von Antennen
mit der den Schwellenwert überschreitenden Quali-
tätsinformation.

3. Basisstationsvorrichtung gemäß Anspruch 2, wobei
die Steuereinheit (951-953, 1301) ausgebildet ist,
den Schwellenwert entsprechend einer Information
über eine Dopplerfrequenz oder eine Verzögerungs-
ausbreitung des durch die Mobilstation von einer je-
den Antenne empfangenen Signals einzustellen.

4. Basisstationsvorrichtung gemäß einem der Ansprü-
che 1, 2 oder 3, wobei:

die Steuereinheit (951-953, 1301) eine erste
Planungseinheit zum Verwalten der ersten An-
tenne des ersten Sektors, von welcher die Mo-
bilstation sich bewegt, und eine zweite Pla-
nungseinheit zum Verwalten der zweiten Anten-
ne des zweiten Sektors, zu welcher sich die Mo-
bilstation bewegt, umfasst;
die erste Planungseinheit ausgebildet ist, von
der zweiten Planungseinheit anzufragen, ob die
zweite Antenne des zweiten Sektors verfügbar
ist oder nicht, und eine Mehrfach-Einga-
be/Mehrfach-Ausgabe-Übertragung unter Ver-
wendung der zweiten Antenne des zweiten Sek-
tors auszuwählen, falls die zweite Antenne des
zweiten Sektors verfügbar ist.

5. Ein Kommunikationsverfahren zum Ausführen von
Funkkommunikationen in einer Mehrfach-Einga-
be/Mehrfach-Ausgabe-Übertragung mit einer Mobil-
station (802) in einer Zelle (803) mit einer Vielzahl
von Sektoren, wobei das Kommunikationsverfahren
die Schritte umfasst:

Empfangen von der Mobilstation (802) eine
Qualitätsinformation eines Signals, welches
durch die Mobilstation (802) von einer jeden von
einer oder mehreren Antennen (811-816), wel-
che für einen jeden der Vielzahl von Sektoren
bereitgestellt sind, empfangen wird;
Vergleichen der Qualitätsinformation mit einem
Schwellenwert (x);
Auswählen einer ersten Antenne (812) aus den
für einen ersten Sektor aus zwei Sektoren der
Vielzahl von Sektoren bereitgestellten Anten-
nen, wobei die erste Antenne die den Schwel-
lenwert (x) überschreitende Qualitätsinformati-
on aufweist, und einer zweiten Antenne aus den
für einen zweiten Sektor der zwei Sektoren der
Vielzahl von Sektoren bereitgestellten Anten-
nen, wobei die zweite Antenne die den Schwel-
lenwert (x) überschreitende Qualitätsinformati-
on aufweist, wenn die Mobilstation (802) sich in
einer Umgebung einer Grenze der zwei Sekto-
ren bewegt; und

Ausführen einer Mehrfach-Eingabe/Mehrfach-
Ausgabe-Übertragung unter Verwendung der
ausgewählten ersten und zweiten Antenne
(812, 813).

Revendications

1. Appareil de station de base (801) qui met en oeuvre
des radiocommunications dans le cadre d’une trans-
mission de type « entrée multiple, sortie multiple »
avec une station mobile (802) dans une cellule (803)
présentant une pluralité de secteurs, l’appareil de
station de base comprenant :

une ou plusieurs antennes (811-816) fournies
pour chaque secteur de la pluralité de secteurs ;
et
une unité de commande (951-953, 1301) confi-
gurée de manière à :

comparer des informations de qualité d’un
signal reçu par la station mobile (802) à par-
tir de chaque antenne (811-816), à un seuil
(x), dans lequel les informations de qualité
sont reçues par l’appareil de station de base
(801) à partir de la station mobile (802) ;
sélectionner une première antenne (812)
parmi les antennes fournies pour un pre-
mier secteur de deux secteurs, dans lequel,
pour la première antenne, les informations
de qualité sont supérieures au seuil (x), et
une seconde antenne (813) parmi les an-
tennes fournies pour un second secteur des
deux secteurs, dans lequel, pour la seconde
antenne, les informations de qualité sont
supérieures au seuil (x), lorsque la station
mobile (802) se déplace au voisinage d’une
frontière des deux secteurs ; et
sélectionner une transmission de type
« entrée multiple, sortie multiple » en utili-
sant les première et seconde antennes sé-
lectionnées (812, 813).

2. Appareil de station de base selon la revendication
1, dans lequel :

l’unité de commande (951-953, 1301) est con-
figurée de manière à sélectionner une transmis-
sion par le biais d’une sélection de cellule rapide
ou d’un transfert intercellulaire sans coupure, à
moins qu’il existe une pluralité d’antennes pour
lesquelles les informations de qualité sont su-
périeures au seuil.

3. Appareil de station de base selon la revendication
2, dans lequel :
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l’unité de commande (951-953, 1301) est con-
figurée de manière à ajuster le seuil selon des
informations connexes à une fréquence Doppler
ou à un étalement du temps de propagation du
signal reçu par la station mobile en provenance
de chaque antenne.

4. Appareil de station de base selon l’une quelconque
des revendications 1, 2, et 3, dans lequel :

l’unité de commande (951-953, 1301) inclut un
premier planificateur destiné à gérer la première
antenne du premier secteur à partir duquel la
station mobile se déplace, et un second planifi-
cateur destiné à gérer la seconde antenne du
second secteur vers lequel la station mobile se
déplace ;
le premier planificateur est configuré de manière
à interroger le second planificateur afin de dé-
terminer si la seconde antenne du second sec-
teur est disponible ou non, et à sélectionner une
transmission de type « entrée multiple, sortie
multiple » en utilisant la seconde antenne du se-
cond secteur dès lors que la seconde antenne
du second secteur est disponible.

5. Procédé de communication destiné à mettre en
oeuvre des radiocommunications dans le cadre
d’une transmission de type « entrée multiple, sortie
multiple » avec une station mobile (802) dans une
cellule (803) présentant une pluralité de secteurs, le
procédé de communication comprenant les étapes
ci-dessous consistant à :

recevoir, à partir de la station mobile (802), des
informations de qualité d’un signal reçu par la
station mobile (802), en provenance de chaque
antenne parmi une ou plusieurs antennes
(811-816) fournies pour chaque secteur de la
pluralité de secteurs ;
comparer les informations de qualité à un seuil
(x) ;
sélectionner une première antenne (812) parmi
les antennes fournies pour un premier secteur
de deux secteurs de la pluralité de secteurs,
dans lequel, pour la première antenne, les infor-
mations de qualité sont supérieures au seuil (x),
et une seconde antenne parmi les antennes
fournies pour un second secteur des deux sec-
teurs de la pluralité de secteurs, dans lequel,
pour la seconde antenne, les informations de
qualité sont supérieures au seuil (x), lorsque la
station mobile (802) se déplace au voisinage
d’une frontière des deux secteurs ; et
mettre en oeuvre une transmission de type
« entrée multiple, sortie multiple » en utilisant
les première et seconde antennes sélection-
nées (812, 813).
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