1 TITLE OF THE INVENTION DOWNLINK MIMO TRANSMISSION
CONTROL METHOD AND BASE STATION DEVICE 5 BACKGROUND
OF THE INVENTION 1. Field of the Invention The present invention
generally relates to the field of wireless tofimunications and specifically
relates to techniques for implementing an efficient combination 10 of
various MIMO (Multiple Input Multiple Output) transmission control
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has been standardized by 3GPP, prOV|des a maximum
transmission speed of 14.4 Mbps, leading to a gradual
introduction of high speed and large capacity mobile
communications. However, widespread use of mobile
20 terminals including mobile phones and of the Internet, as
well as an iIncrease In variety and sophistication of the
content i1s leading to demands for increased capacity and
frequency utilization and optimized IP traffic.
LTE (Long Term Evolution), which 1s now being put
25 Into active use, assumes a maximum downlink transmission
speed of 100 Mbps. Moreover, optimization is being demanded
for both a low-speed moving terminal and a high-speed
moving terminal.
With MIMO transmission, different signals are
30 transmitted over parallel transmission paths formed by
multiple 1nputs (transmit antennas) and multiple outputs
(receive antennas) (MIMO multiplexing). This technique is
considered likely to become a mandatory technique for the
LTE since speed can be increased in proportion to the number
35 of the parallel transmission paths even though the same
frequency is used.
As a wireless access scheme, OFDM (orthogonal




As a wireless access scheme, OFDM (orthogonal - 2 - frequency division
multiplexing) is suitable for high-speed transmission at the speed of over
several tens of Mbps. In the OFDM, which utilizes orthogonality of
frequencies, sub-carrier spectra are arrangédn high 5 density so that
they overlap one another, increasing the frequency utilization. In a
transmission using n sub-carriers, as a signal is divided over the multiple
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the spatial multiplexing (e.g., see Patent document 1).
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SUMMARY OF THE INVENTION
[Problem(s) to be solved by the Invention]

As described above, various transmission
25 techniques have been proposed for higher-speed and
larger-capacity communications. However, no method has
yet been proposed which takes into account basic techniques
such as scheduling, and the state of physical channels to
be transmitted to efficiently combine such techniques and
30 state. A realization of such efficient combination as
described above should make 1t possible to communicate with
a smaller number of control bits at a better characteristic
level, Improving the communications efficiency.

The present invention aims to improve the
35 ~communications efficiency of an overall system by
combining optimal MIMO transmission control techniques
while taking into account the state of the physical




combining optimal MIMO transmission control techniques while taking
into account the state of the physical z channels to be transmitted.
[Means for solving the Problem] In order to solve the problem as
described above, (1) Open loop-type MiVI@ diversity is used for 5
common control channels (a broadcast channel, a paging channel, a
synchronization channel, etc.), an MBMS (Multimedia Broadcast Multicast
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loop-type MIMO multiplexing/diversity is varied according
to the user type.
More specifically, in a first aspect of the
20 present invention, in a method of controlling downlink
transmission from a base station having multiple antennas
to a mobile station having multiple antennas,
(a) open loop-type MIMO diversity is applied to
a common control channel, an MBMS channel, and an L1/L2
25 control channel; and
(b) closed loop-type MIMO multiplexing and/or
MIMO diversity is applied to a shared data channel.
In a preferred embodiment, the MIMO multiplexing
includes multiplying a pre-encoding vector with a transmit
30 signal. For a localized-transmission type user, to which
a resource block (RB) including multiple contiguous
sub-carriers is allocated when transmitting a shared data
channel, the number of streams in the MIMO multiplexing
and a pre-encoding vector for each stream are controlled.
35 In this case, when transmitting the shared data
channel, multi-user MIMO, which performs spatial
multiplexing using multiple streams in the MIMO



and a pre-encoding vector for each stream are controlled. 35 In this case,
when transmitting the shared data channel, multi-user MIMO, which
performs spatial multiplexing using multiple streams in the MIMO - 4
multiplexing, may be applied. Moreover, thd MiMO multiplexing includes
multiplying a pre-encoding vector with a transmit signal. For a
distributed-transmission type user, to which 5 sub-carriers are allocated
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the number-of-Streams irfformation, and a_second of the encoding blocks
lhcludes pre-endb@iPiorsiedthe abshebhtiEafctansmission-type
multipexing. tothiddade, tieemsbite-sation exporaeceei@hbocated over the

bandwidth when transmitting the shared data channel, the
number of streams iIn the MIMO multiplexing may be
control led based on the average channel state of the whole

20 bandwidth, with open loop-type MIMO diversity, which
performs block encoding, being used together with MIMO
multiplexing 1T the number of streams is less than the
number of antennas.

In another embodiment, the L1/L2 control channel

25 1s divided into two encoding blocks to encode the divided
channel, where a first of the encoding blocks includes
allocated-resource block information and the
number-of-streams iInformation, and a second of the
encoding blocks includes pre-encoding vectors used per

30 stream in the MIMO multiplexing.

In this case, the mobile station, upon receiving
the L1/L2 control channel, first decodes the first encoding
block to extract the number of streams, and then decodes
the second encoding block based on the-number-of-streams

35 1nformation.

Moreover, the L1/L2 control channel may be divided

into two encoding blocks with the first encoding block



the L1/L2 contro' channe’, first decodes the first encoding block to extract
the number of streams, and then decodes the second encoding block
based on the-number-of-streams 35 information. Moreover, the LI/L2
control channel may be divided into twoerzoding blocks with the first
encoding block including allocated resource block information, and the
second encoding block including pre-encoding information used per
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number-of-streams information, which iInformation is
reported using a high-layer signal.

According to a second aspect of the present
invention, a base station apparatus includes:

20 (a) multiple antennas;

(b) a scheduler which allocates, to transmit data
to multiple users, a radio resource based on the channel
state fed back from a mobile station to schedule
transmission;

25 (c) a serial/parallel converter which converts a
number of streams into the transmit data based on stream
information fed back from the mobile station, the number
corresponding to a number up to the number of antennas;
and

30 (d) a pre-encoding processor which applies
pre-encoding to each of the streams, wherein the
pre-encoded transmit data is transmitted from the multiple
antennas.

In a preferable embodiment, a pre-encoding

35 processor applies a pre-encoding vector, which is fed back
from the mobile station, to each streamof a transmit signal
for a user to which a resource block including multiple



pre-encoding to each of the streams, wherein the pre-encoded transmit
data is transmitted from the multiple antennas. In a preferable
embodiment, a pre-encoding 35 processor applies a pre-encoding vector,
which is fed back from the mobile station, & each stream of a transmit
signal for a user to which a resource block including multiple contiguous
sub-carriers is allocated by the scheduler. In another embodiment, a
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FIG- 1B is adiagram for explaining OFDM diversity
according to an embodiment of the present invention;
FIG. 2 1s a diagram 1illustrating exemplary
resource allocations in OFDM downlink wireless access;
20 FIG. 3 isadiagram illustrating an example of MIMO
multiplexing;
FIG. 4 isadiagram illustrating an example of MIMO
multiplexing using pre-encoding vectors;
FIG. 5 1sadiagram illustrating an example of MIMO
25 multiplexing with the number of streams varied according
to the receive quality;
FIG. 6 isadiagram illustrating an example of MIMO
diversity using space-time block encoding (STBC);
FIG. 7 i1s a table listing examples of MIMO
30 diversity in open and closed loop modes;
FIG. 8 1s a diagram illustrating an adaptive MIMO
channel transmission;
FIG. 9 is Example 1 of MIMO control for a shared
data channel to be transmitted to a localized-transmission
35 type user;
FIG. 10 is Example 2 of the MIMO control for the
shared data channel to be transmitted to the



channel transmission; FIG. 9 is Example 1 of MIMO control for a shared
data channel to be transmitted to a localized-transmission 35 type user;
FIG. 10 is Example 2 of the MIMO control for the shared data channel to
be transmitted to the 7 -- localized-transmis&ion type user; FIG. 11 is an
example of MIMO control for a shared data channel to be transmitted to a
distributed-transmission type user; 5 FIG 12 is a diagram illustrating
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FIG. 14A 1s an exemplary configuration of a
15 downlink L1/L2 control channel to be transmitted using the
open loop-type MIMO diversity;

FIG. 14B i1s an exemplary configuration of the
downlink L1/L2 control channel to be transmitted using the
open loop-type MIMO diversity;

20 FIG. 15 is a diagram illustrating an exemplary
method of transmitting pilot channels;

FIG. 16 i1s an exemplary configuration of a base

station apparatus according to an embodiment of the present
invention;
25 FIG. 17A is a diagram illustrating an exemplary
configuration of a pre-encoding processor used iIn the base
station apparatus In FIG. 16, and transmit diversity of
a shared channel weighted In pre-encoding;

FIG. 17B is a diagram illustrating an exemplary
30 configuration of the pre-encoding processor used in the
base station apparatus in FIG. 16, and transmit diversity
of the shared channel weighted in pre-encoding; and

FIG. 18 is an exemplary configuration of a mobile
station apparatus according to an embodiment of the present
35 Invention.



30 configuration of the pre-encoding processor used in the base station
apparatus in FIG. 16, and transmit diversity of the shared channel
weighted in pre-encoding; and FIG. 18 is an exemplary configuration of a
mobile station apparatus according to an eéfnbodiment of the present 35
invention. - 8 -- DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Description of Notations] 10 base station apparatus; 12 scheduler; 19
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explaining OFDM diversity according to the embodiments. FIG. IA shows
frequency diversity in which sub-carriers allocated to one user are spread

13ver ke fRoMossh Rfiatrab ontae a%dﬁ@%lt)'/%‘(f‘éeit Wl FIG. 1B

shows multi-user divegsitycription is given below with regard to
preferred embodiments of the present invention, with
reference to the drawings. In the embodiments, optimal
combinations of MIMO transmission control schemes

20 according to the characteristic/state of physical
channels to be transmitted are described in detail. The
embodiments assume schemes for spatially multiplexing and
transmitting OFDM signals using MIMO transmission, so that
the techniques are explained first with reference to FIGS.

25 1 through 7.

FIGS. 1A and IB are diagrams for explaining OFDM
diversity according to the embodiments. FIG. 1A shows
frequency diversity inwhich sub-carriers allocated to one
user are spread over the whole bandwidth to obtain a

30 diversity effect, while FIG. 1B shows multi-user diversity
in which each user is allocated a resource block with a
channel state which is best for the user.

The method in FIG. 1A is suitable for a user which
wishes to reduce the feedback load of a channel from a

35 mobile station (UE) to a base station, for example, a user
which transmits a small amount of data such as in VolP
(voice over IP), or a user which has a difficulty following




in which each user is allocated a resource block with a channel state

which is best for the user. The method in FIG. IA is suitable for a user

which wishes to reduce the feedback load of a channel from a 35 mobile
station (UE) to a base station, for exampte,% user which transmits a small
amount of data such as in VolP (voice over IP) , or a user which has a

difficulty following - 9 - the channel state variation (fading variation). Such
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The methad inti 4B, SVEN ihalnyliply 2 STLENQHS SIS N s ion
portion withthe best channel state are allocated as a resource bloc
baselYhfrdédBhck information from each user. A user which is allocated
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ign high receive quality by soft combining, which utilize the delay
withina'guard interval range. In FIG. 2, resources 20 are allocated to the
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possible to receive multicast/broadcast (MBMS) signals at
high receive quality by soft combining, which utilize the
delay within a guard interval range. In FIG. 2, resources
20 are allocated to the localized and distributed
transmission-type users in frequency and time directions.
FIG. 3 1s a schematic drawing for explaining MIMO
multiplexing. In the MIMO multiplexing, multiple
different data streams are spatially multiplexed using
25 multiple transmit antennas arranged at intervals, and
multiple receive antennas arranged at intervals. Here
multiple sequences of data transmitted in the same
frequency and time slot are spatially multiplexed, so that
data rate (frequency utilization) improves according to
30 the number of transmit (receive) antennas. MIMO
multiplexing has an advantage that the UE peak-user
throughput can be improved for the downlink, especially
when the channel state is good.
FIG. 4 1s a drawing for explaining MIMO
35 multiplexing pre-encoding according to the present
embodiment. The pre-encoding makes it possible to form
directional beams according to iInstantaneous fading



data rate (frequency utilization) improves according to 30 the number of
transmit (receive) antennas. MIMO multiplexing has an advantage that

the UE peak-user throughput can be improved for the downlink,

especially when the channel state is goodl®1G. 4 is a drawing for

explaining MIMO 35 multiplexing pre-encoding according to the present
embodiment. The pre-encoding makes it possible to form directional
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correlgtis ¥¥loprainepeanee@cording to fading variations, which
change every moment.
FIG. 5 1s a drawing for explaining MIMO
20 multiplexing rank adaptation (mode selection) according
to the present embodiment. When a large number of streams
are transmitted to a UE iIn a poor channel state, a packet
error occurs. Then, using the rank adaptation, the number
of streams i1s controlled according to the channel state,
25 including receive signal power to interference signal
power (SIR) and fading correlation. When the number of
streams becomes 1, representing that one stream 1is
transmitted from multiple antennas, this mode becomes the
same as MIMO transmit diversity.
30 In the example in FIG. 5, 4-stream transmission
iIs conducted for the UE arranged in the vicinity of the
base station as the SIR is good. For the UE arranged near
the middle of a cell, a 2-stream transmission is conducted.
For the UE arranged at the end of the cell, the SIR
35 deteriorates, so that 1-stream transmission Is conducted.
FIG. 6 is a drawing for explaining MIMO diversity
according to the present embodiment. In the MIMO diversity,



streams becomes 1, representing that one stream is transmitted from
multiple antennas, this mode becomes the same as MIMO transmit
diversity. 30 In the example in FIG. 5, 4-stream transmission is conducted
for the UE arranged in the vicinity of the- bAde station as the SIR is good.
For the UE arranged near the middle of a cell, a 2-stream transmission is
conducted. For the UE arranged at the end of the cell, the SIR 35
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make channel estimation possible, or

ogonal pilo
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open-loop and dbsed-MWHpaMIMOWver ity Ad exdapies fooien-1oop  (OL)
opengleRRsmit diversity, which does not require feedback
information from the UE, and closed-loop (CL) transmit
diversity, which requires feedback information from the
20 UE. In order to make channel estimation possible,
orthogonal pilot channels are transmitted from all
transmit antennas.
FIG. 7 1s a table showing open-loop and
closed-l1oop MIMO diversity. As examples for the open-1oop
25 diversity, time-switched transmit diversity (TSTD) or
frequency switched transmit diversity (FSTD), delay
diversity (CDD), and block encoding diversity (STBC/SFBC)
may be used.
TSTD 1s a scheme such that a base station
30 periodically switches transmit antennas per radio slot,
so that, at the same moment, transmission is conducted from
only one of the antennas. In the UE, the diversity effect
is obtained by alternately receiving signals which passed
through different propagation paths from the two antennas.
35 1t 1s easy to expand this scheme to 2 or more antennas.
Delay diversity is provided with the same effect
as multi-path diversity by differentially transmitting



25 diversity, time-switched transmit diversity (TSTD) or frequency
switched transmit diversity (FSTD), delay diversity (CDD) , and block
encoding diversity (STBC/SFBC) may be used. TSTD is a scheme such
that a base station 30 periodically switcheb4ransmit antennas per radio
slot, so that, at the same moment, transmission is conducted from only
one of the antennas. In the UE, the diversity effect is obtained by

alterpatplyereing Signate Miigh passRd Heaugh difiRrersrepagationmighiy
path SRRRPRIPE AR U 7 23t R eraand R STIRIRIAE Fetuoen

more antennas WAS prowded with the_same_e

multSYRRR2rsiY b9vﬂ|ﬁ&é?ﬁ!lﬁ9’ﬁgn§ﬁ%ﬁ@ S9LakiEn kA dhe GI range.
antehoas dverdelth diviediayishiyely sadrypatbleasiyh GF BMp anghiah &wo or
& isjpyrteshetwess . symbols allowing delayed transmission within the

Gl range. Moreqye bPoWﬁ > gelay ¢ |§/SIty stSt tglEW% O({oélng such

more antennas encodlng Iock |ng suc

spacglin®PBlotk Eh@@dlﬁ’d ?§J1<B@P8P f(e%i[l%?n y %Tocﬁ@@rﬁ%dﬁ@qg uency
perfdrineckon mmsutiplagramspmrsﬁmnreadeentmuimqvéehemv&rmulytmquences

10 Efgmp,l@,&g@eclqw wpediespbackionp) mode diversity include
t ant t I
1 achieve optime bR g .n(f}?ésyeé%d#@éﬁio% "CRLURO S, moce
at byth¥greddny 1'5“841%&@@0?@%@6&5&%%@’&! IqnMy diversity
diveitg spherae whicreissappyofiatéA) accordance with the
characteristics apg stataof theoPhusipd gearist .r}ﬁh%efqr@ninaﬁhe increased
presg f‘%‘%%%@ ”B%h%'\"é'v'%’t%‘ﬁ?tﬂ.asfh med n?eaadaff (}5‘3‘%@ 'ec eP'esent
e

is varie cording to 20'a Kysical c annel 0 be ransmi
1pate, CPRAGI BRBL ratd fdel§y Ef&’)’%%’d"&ha‘%%e?@t!a?&ﬁem é?e!\)éers'ty
SIR, satirgeorvdtaticim, eis) appropriate iIn accordance with the

characteristics and state of the physical channel.
Therefore, iIn the present embodiment, the MIMO control
scheme to be adaptively selected is varied according to
20 a physical channel to be transmitted, QoS (data rate,
packet error rate, delay, etc.), and channel state per user
(receive SIR, fading correlation, etc.)
FIG. 8 1s a diagram showing an example of
adaptive-type MIMO channel transmission according to the
25 present embodiment. Fading correlation representing the
channel state is shown on the horizontal axis, while the
data rate representing QoS and the modulation/encoding
scheme are shown on the vertical axis. The solid line shows
control for the shared data channel, for which the
30 closed-loop control is suitable, while the dotted line
shows control for the common control channels, for which
the open-loop control is suitable.
The open-loop MIMO control 1is suitable for
transmitting the common control channels (BCH, PCH, SCH,
35 etc.), an MBMS channel, and an L1/L2 control channel, for
which the receive quality requirement is not so stringent
and the rate and encoding rate of transmitting are low.



FIG. 8 is a diagram showing an example of adaptive-type MIMO channel
transmission according to the 25 present embodiment. Fading correlation
representing the channel state is shown on the horizontal axis, while the
data rate representing QoS and the moduldBon/encoding scheme are
shown on the vertical axis . The solid line shows control for the shared
data channel, for which the 30 closed-loop control is suitable, while the
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In other words, for the localized-transmission
20 type user based on frequency scheduling, the number of
streams 1n MIMO multiplexing (see FIG. 5), and transmit
weight or pre-encoding vector per stream (see FIG. 4) are
controlled based on the channel state per contiguous
frequency resource block allocated. For the number of
25 streams of 1, the transmit-weight control type closed-loop
MIMO diversity is used.

For the distributed transmission-type user, for
which transmission 1s conducted over the whole bandwidth,
the number of streams in MIMO multiplexing is controlled
30 based on the average channel state of the overall bandwidth.
For applying pre-encoding, the transmit weight
(pre-encoding vector) per stream is a fixed value. For
example, diversity effect is obtained by switching the
transmit weights in a predetermined pattern in the stream.
35 For the number of streams of 1, the switching-type
open-loop MIMO diversity is used in a fixed antenna
(transmit weight) pattern. When pre-encoding is not used,



weight or pre-encoding vector per stream (see FIG. 4) are controlled
based on the channel state per contiguous frequency resource block
allocated. For the number of 25 streams of 1, the transmit-weight control
type closed-loop MIMO diversity is used. Rér the distributed
transmission-type user, for which transmission is conducted over the
whole bandwidth, the number of streams in MIMO multiplexing is
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vectors determined per resource block based on feedback
20 information from the UE are used.

In this case, feedback information from the UE to

the base station includes SINR per stream at each resource
block, stream number used, and pre-encoding vector number
per stream.
25 Here, Wx,y, In which each vector iIs a pre-encoding
vector of a y-th resource block of an x-th stream that is
determined based on feedback information, is a set of
vectors Wy ,y n For an n-th transmit antenna of a number of
transmit antennas, where the number of the transmit
30 antennas iIs 4. In other words,
Wx, y={Wx,y,1,Wx,y,2,Wx,y,3,Wx,y,4} -

When the UE i1s located near a base station, the
pre-encoding vectors are determined per resource block
using a 4-stream transmission. When the UE is not located
35 near the base station, the pre-encoding vectors are
determined per resource block wusing a 2-stream
transmission. When the UE is located at the cell edge,



In this case, feedback information from the UE to the base station
includes SINR per stream at each resource block, stream number used,
and pre-encoding vector number per stream. 25 Here, WX,Y, in which
each vector is a pre-encoding vector ofa §2h resource block of an x-th
stream that is determined based on feedback information, is a set of
vectors Wx,Y,=,for an n-th transmit antenna of a number of transmit
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uses the same pre-encoding vector for all resource blocks
withinastream. The relationship between the stream number
and the pre-coding vector may be predetermined on a
20 one-on-one basis. In this case, feedback information from
the UE to the base station may be only the stream number
used.
In the method in FIG. 10, while the control
accuracy according to the channel variation of the
25 pre-encoding vector is inferior, the number of uplink
feedback bits and the number of downlink control channel
bits may be reduced.
FIG. 11 i1s a drawing 1illustrating MIMO
multiplexing schemes for shared data channels to be
30 transmitted to the distributed-transmission type user.
Here, transmit weight (pre-encoding vector) per stream is
a fixed value. In the example in FIG. 11, the transmit
weights are switched in a predetermined pattern in a stream.
The above-mentioned pattern is also known In advance by
35 the UE.
Information to be fed back from the UE to the base
station is an average SINR per stream for the overall



and the pre-coding vector may be predetermined on a 20 one-on-one
basis. In this case, feedback information from the UE to the base station
may be only the stream number used. In the method in FIG. 10, while the
control accuracy according to the channeM&ration of the 25
pre-encoding vector is inferior, the number of uplink feedback bits and the
number of downlink control channel bits may be reduced. FIG. 11 is a
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such that pre-encoding which varies in time 1In a
predetermined pattern is multiplied for transmitting, is
applied as Candidate 1. One reason for applying the above
scheme is that i1t does not require, at the UE in advance,
20 information on whether the MIMO diversity is used. Moreover,
transmit power amplifiers of all base station antennas may
be used, so that the scheme is more suitable than
time-switched type transmit diversity (TSTD). Moreover,
TSTD 1s applied as Candidate 2.
25 For the broadcast channel (BCH), as Candidate 1,
block encoding diversity (STBC or SFBC) is used for up to
2 antennas, and a combination of block encoding diversity
and delay diversity (CDD) or time (frequency) switched
transmit diversity is used for over 2 antennas. This 1is
30 because the STBC/SFBC has a better characteristic than
other open loop-type MIMO diversity schemes. For over 2
antennas, there are no appropriate STBC/SFBC codes, so that
delay diversity schemes are combined. As Candidate 2, only
the delay diversity is used. An advantage of applying only
35 the delay diversity is that the same frame configuration
as antenna transmission may be used.
For the paging channel (PCH) and L1/L2 control



predetermined pattern is multiplied for transmitting, is applied as
Candidate 1. One reason for applying the above scheme is that it does
not require, at the UE in advance, 20 information on whether the MIMO
diversity is used. Moreover, transmit powé/amplifiers of all base station
antennas may be used, so that the scheme is more suitable than
time-switched type transmit diversity (TSTD). Moreover, TSTD is applied
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samggggg—i%%o MM& 2, when transmitting a pre-encoded pilot
channel, a pre-encoding vector 1is multiplied for
20 transmitting.

For transmitting the MBMS channel using the
open-loop MIMO diversity, the delay diversity (including
cyclicdelay diversity (CDD)) is applied. The MBMS provides
for synchronously transmitting with other cells to obtain

25 delay diversity, so that an already-high frequency
diversity is obtained. Therefore, with STBC, the effect
of an iIncreased overhead due to transmitting orthogonal
pilot channels necessary for STBC decoding is greater than
an improvement in transmit diversity. Here, the use of the

30 delay diversity makes i1t possible to reduce the overhead
for the pilot for demodulating relative to the use of other
methods.

FIG. 13A shows a channel configuration for a
downlink L1/L2 control channel that is suitable for the

35 open-loop control. The L1/L2 control channel 1is
transmitted from the base station to the UE In association
with the shared data channel. The L1/L2 control channel



15 diversity as the broadcast channel may be used. In addition, a MIMO
diversity scheme such that a pre-encoding vector is multiplied for

transmitting may also be used. For encoding block 2, when transmitting a
pre-encoded pilot channel, a pre-encodind-8ector is multiplied for 20
transmitting. For transmitting the MBMS channel using the open-loop

MIMO diversity, the delay diversity (including cyclic delay diversity (CDD)

) isl»l a@@Hﬁg& iﬂ% Pﬂﬁ«%ﬂ%_n/&ﬂ}m@orﬁyféwﬁﬁﬁgm tr_ﬁﬁéﬁ@&ing with other

cells to obtain a ersi a i .
diversity is obtai%gtj . %@t@r‘éﬁr‘gﬁﬁﬁﬁsﬁ’tﬂ& ?higj %f?ec 80f%‘%%§1§&%%§8 focks;
overhead due to&hsMERERHREGBNAN P& HAHRES HieEsSH §aMS ;

STBC decoding (SQraeatdicthaa tamimproyaneednccdnagivdiedsitg used per
Heresmzeaﬁeﬁéwitlﬁ@ ﬂalmrzs@h/@{fityﬂ@é@@_ 'tmsﬁi@ﬁmreﬂfq ¢he11, when
over rt emo t [ the use t -
menbig, G B e i & i i sqne basis
contif WSS ItRESL E6RabRUBP EHe 28 I RS &R e Yaqtor , only
controhehartnes dsntransrbicted dieed thealyadeestatmootind JE in

ass?qiation \;Vitlh(@ﬁ ME?GGQ{H@ EtB%’i'@?lE@IQféfﬁéLarf@r&F%léﬂfiWka'@e) per

ontai [ Lnation = (1) infor e

1§eso%£:%%%]ccl£ ﬂé{\zl)gl%#(?}% |?)r% bngﬁﬁ]aniu Eﬁoﬁéﬁfgrﬁrsﬁ;e )O‘ipn or(rln% IOrP]umber

on pRIHELERG Ve B BEM pE7 15 G ARcl e kAImBeh BMaRBmME K9d I ng
showraibeF|@hiLiwhanethe oplaonslaipan gretbernstetans, sending is
one-gRPRSASE HRWeIhibe sjream number and the pre-encoding

vector, only the am ber ysed ma repgrted.); (

(modula_tion_sch:,frgz an@igc%%?ng'r%?e) pyeér)%ﬁ %@rea%g(lnﬂp}ll}%%ipe, ARQ  (In

15endMdf RGIPHEMRERH IOnkmbar bPEReshEC b RSN DR T streams,
modblatiowsehe tecarsindriconing the whinh aeaodimgn buwely thegnal for

streagp® SAEPPle streams, sending is performed only once.);
and
(6) UE ID information.

20 Of the information items as described above,
information items (1) and (2) are collectively encoded
(encoding block 1). On the other hand, a CRC bit is added
to information items (3) and (5) as a collection of
information. The CRC bit i1s convolved with the 1E ID

25 information (6) to transmit the convolved result (encoding
block 2). CRC is computed for the control bits of all the
encoding blocks 1 and 2.

FIGS. 13A and 13B show the channel configuration
and decoding method for such downlink L1/L2 control channel

30 as described above. As shown in FIG. 13A, L1/L2 control
channel 1is divided into two encoding blocks 1 and 2 to
encode the divided blocks. The encoding block 1 includes
the allocated resource block information and the
number-of-streams information ((1) + (2)). The encoding

35 block 2 includes pre-encoding information, MCS
information, hybrid ARQ (HARQ) information, and a
convolution of the CRC bit and the UE ID ((3) + (4) + (5)



performed only once.); (5) Information related to hybrid ARQ (In 15
principle, sending is performed for the number of streams, but when
transmitting the same encoding block signal for the multiple streams,
sending is performed only once.); and (6) LE D information. 20 Of the
information items as described above, information items (1) and (2) are
collectively encoded (encoding block 1) . On the other hand, a CRC bit is
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to multi-user or single-user), and user-specific information
(e.g., number-of-streams-information, information
indicating whether it is a localized transmission or
distributed transmission) are reported In advance in a
20 high-layer control signal. Here, localized transmission
IS a transmitting scheme which allocates contiguous
sub-carriers as one block, while distributed transmission
is a transmitting scheme which spreads sub-carriers over
the whole bandwidth. The  transmission of the
25 number-of-streams information may be conducted at low
speed (with transmitting at a transmitting period no less
than 100msec, or transmitting at the time of the start of
communications), so that the number-of-streams
information is transmitted using the high-layer signal,
30 not the L1/L2 control channel.
As shown In FIG. 14B, the L1/L2 control channel
contains the following information:
(1) information on allocated resource-block;
(2) information on pre-encoding vectors used per
35 stream for the number of streams (When the relationship
iIs predetermined on a one-on-one basis between the stream
number and the pre-encoding vector, only the stream number



attempt decoding the encoding block 2. Moreover, the L1/L2 control
channel may be configured as per below. In this case, as shown in FIG,
14A, common user 15 information (information indicating a MIMO mode
such as multi-user or single-user), and uséfspecific information (e.g.,
number-of-streams-information, information indicating whether it is a
localized transmission or distributed transmission) are reported in
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on a one-on-one basis between the stream umb r re- en
vecté\”@nly the stream number -- 20 -- used may be reported.); and (3)
MCS per stream (@@9dul&tidDsdhefoaraiad @nocading rate) (In principle,

sending is perforsreq i@y thefuimkari shsitams, B'e‘,t W@§G#FE@03above the
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13n HRERIb @ndify® péﬂgﬂﬁé@ﬂ‘?ﬂe ERBS o &eaﬁ&rough 5) are
collectively encoded (encoding block 2), where CRC bits

are collectively transmitted with the information items

(2) through (4), with the CRC bits convolved with the

information item (5). CRC is computed for the control bits
20 of all the encoding blocks 1 and 2.

In other words, the L1/L2 control channel 1is
divided into two encoding blocks 1 and 2 to encode the
divided blocks. The encoding block 1 includes the allocated
resource block information (1). The encoding block 2

25 includes pre-encoding information, MCS information,
hybrid ARQ (HARQ) information, and a convolution of the
CRC bit and the UE ID ((2) + (3) + (4) + (5) x CRC). The
encoding block 2 varies in length according to the number
of streams.

30 For decoding the L1/L2 control channel at the
mobile station, the encoding block 1 1s decoded, and, next,
(2) through (5) are decoded based on such information as
described above. The information lengths of (2) through
(5) vary in length according to the number of streams.

35 However, as the number-of-streams information is decoded
in advance, there is no need to assume the multiple
information lengths to attempt decoding the information



but when transmitting the same encoding block signal for 10 the multiple
streams, sending is performed only once.); and (5) UE ID information. Of
the information items as described above, the information item (1) is
encoded (encoding block 1) . In the 15 méshtime, the information items
(2) through (5) are collectively encoded (encoding block 2), where CRC
bits are coIIectiver transmitted with the information items (2) through (4),

with fReehBC(its qa@nvelygd ig)the information item (5) . CRC is
computed for th%?l Ltrolé)ltgv% gf Il @Fﬁgﬁﬁié]%fd Clﬁeltﬁr(]) 2, lgl gllot
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13re- dm&%nﬁ{eéﬂ%ﬁ?&%h thaigpre-encoding vector, and

demodulating the dlstrlbuted transmission type user at
the user terminal.

The pilot channel 2, which is transmitted only to
the localized-transmission type user, 1is used for

20 demodulating the localized-transmission type.

For transmitting the Pilot 2 (dedicated pilot
channel), the pre-encoding information of the encoding
block 2, out of information included in the downlink L1/L2
control channel, may be omitted. For not separately

25 transmitting the dedicated pilot channel, the channel
estimation value for each pre-encoded transmit stream is
estimated from the common pilot channel based on the
pre-encoding information included in the downlink L1/L2
control channel. This will be explained with reference to

30 FIG. 15.

InFIG. 15, transmit data Sgata 1N a transmit stream
1 and a dedicated pilot signal Pgedicates 1IN the transmit
stream 1 are each weighted with a pre-encoding vector w;
for an antenna 1. The weighted data and signal are combined

35 with a transmit signal from a stream 2 and a common pilot
signal Pi common, SO that the combined result is transmitted
from the antenna 1. This transmit signal as described above



antenna; and (2) a dedicated pilot channel (pilot 2) , which has been
pre-encoding within the allocated resource block in 10 accordance with
each stream transmitted from each base station antenna are transmitted.
The pilot 1 (common pilot) , which is trans@#ted to all users, is used for
measuring the SINR, determining 15 the number of streams and the
pre-encoding vector, and demodulating the distributed-transmission type
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informiagon InBluglgchir therddluelint BhvER | tosttaledranhel maagdeh weighted
QmitWijtﬁC&.BQTéﬁéﬁ&i@'i’@ Veaemitingbe ‘é@ﬁ@ﬁ@ﬂ@@hm&vé’i@ hted
chanpet eUMRtop Al for each Big eBgolid FanSPLRIGAN ' gnat From
estimated from the common pilot channel based on the pré-enco |n8
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expldihedowittb isfectnwsiol 8016 & rab.dn REGedS5F ransbhiedattSdata th This
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R P b N e SRR g T i ved
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1@ach weighted Raata=(W1H1+W2H2) Sqata (1), while

a received signal Rpg for the dedicated pilot
Pdedicateda 1IN the transmit stream 1 is

de:(WlHl+W2H2) Pdedicated (2) -

The dedicated pilot channel Pgegicateds 1S known in

20 advance at the mobile station, so that (wiHi+twxH2) 1is
determined from the receive signal R,y and the dedicated
pilot channel Pgedicated- Then, the transmit data Sgata May
be estimated using equation (1) without sending the
pre-encoding information using the L1/L2 channel.

25 In the meantime, the receive signal R,: for the
common pilot channel Pi common 1S such that Rp1=(H1)P1,common
and the receive signal Ry, for the common pilot channel
P2,common 1S such that Rp2=(H2)P2,comon- Then, when the
dedicated pilot channel i1s not sent and only the common

30 pilot signal is sent, the receive data Sgata IS estimated
from pre-encoding information w;, w, and the channel
estimation values H;, Hz, which are estimated from the
received common pilot channel.

Such configuration as described above makes it

35 possible to save radio resources to be allocated to a
localized-transmission type user.

FIG. 16 is a schematic block diagram showing a



5 with a pre-encoding vector w2 for an antenna 2. The weighted data and
signal are combined with a transmit signal from the stream 2 and a
common pilot signal P2, common, so that the combined result is
transmitted from the antenna 2. This trans#dit signal as described above
undergoes a 10 propagation-path variation H2, after which it is received
at a UE receive antenna 1. The common pilots Pi, common and P2,
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perform serial-to-parallel conversions for a number of

times, the number being the number of streams. For the

number of streams of 1, no serial to parallel conversion
20 1s performed.

A desired pre-encoding vector from the mobile
station is input to the pre-encoding processor 19, where
each transmit sequence is weighted as shown in FIG. 4. For
the distributed-transmission type, the pre-encoding

25 processor 19 performs the weighting according to a
predetermined pattern. For the localized transmission
type, the base station eventually determines the
pre-encoding vector as desired by the terminal.

The data modulators (16-1, 16-2) control encoding

30 rate and data modulation scheme based on CQI according to
a transmission scheme which adaptively changes a
modulation scheme and error-correction encoding rate
(i.e., AMC (adaptive modulation and encoding)) according
to a variation in the propagation environment.

35 The other physical channel transmit signal
generator 21 generates a transmit diversity signal which
varies from one physical channel state to another.



multiple antennas 29-1 and 29-2. The base station apparatus 10 includes
buffers 11 set for each user, a scheduler 12 5 for scheduling transmission
for each of the users, a serial/parallel converter (S/P) 13, channel
encoders 15-1, 15-2 and data modulators446-1, 16-2), which are set for
each antenna, and a pre-encoding processor 19. Feedback information
(CQI, receive SIR, etc. ) from a mobile station 10 that is demodulated at

an uplink receive-gignal damadulaify 28 iinpgi-at thersehedgle” 18howing a
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amﬁh%er %ﬁi shown in FIG. 10, a fixed pre-encoding vector

corresponding to each stream is set at the fixed

20 pre-encoding weight setting unit 19c. In this case, a table

(not shown) associating a stream number with a pre-encoding

vector which 1s predetermined per stream may be maintained.

Moreover, even for using a set of pre-encoding

vectors that i1s predetermined per stream as shown in FIG.

25 11, the fixed pre-encoding weight setting unit 19c applies,

to each stream, a corresponding set of vectors. In this

case, a table (not shown) associating a stream number with

a set of pre-encoding vectors (including a number of

pre-encoding vectors, which number corresponds to the

30 number of antennas) that is predetermined per stream may
be maintained.

FIG. 17B shows transmit diversity for a

pre-encoded signal sequence. As shown in FIG. 4, both of

a pre-encoding vector wl-applied signal 1 and a

35 pre-encoding vector w2-applied signal 2 are sent to each

antenna. For sending these two differently-weighted

transmit channels from one antenna, different sub-frames



FIGS. 17A and 17B are drawings showing a configuration of a
pre-encoding vector processor 19, and an application of pre-encoding
weights on shared channels to be transmitted. A case is shown for using
SCH as an 5 example of a shared channelB FIG. 17A, the pre-encoding
processor 19 includes a duplicator 19a, a pre-encoder 19b, and a fixed
pre-encoding weight setting unit 19c. The duplicator 19a duplicates, into
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signal 1 and a 35 RTHECRAIAE VPRI V@tﬁﬁmi%ygﬁ@aﬁaﬁ%ﬁméq (common

each: SREPOT TA08T9 D9sA WO FOY LRANRA, MBMS channel,
etc.) transmit signals are also led to a number of sequences

20 at an other physical channel transmit signal generator 21,
the number corresponding to the number of antennas, and
OFDM-multiplexed and mapped. Although not specifically
shown, for generating the L1/L2 control channel, the
broadcast channel, and the paging channel, an STBC encoder

25 i1s arranged fol lowing the channel encoder and the modulator.
Moreover, as with the shared data channel, a pre-encoder
is arranged after the channel encoder and the modulator
in order to generate the synchronization channel. For
generating the MBMS channel, a delay unit is arranged after

30 the channel encoder and modulator.

For these channels as described above, which (in
an open loop) do not require feedback information from the
mobile station, MIMO transmit diversity is applied.

FIG. 18 is a block diagram showing a schematic

35 configuration of a mobile station apparatus. The signals
received at respective multiple antennas 39-1 and 39-2 of
a mobile station apparatus 30 are each separated from a



transmit channels from one antenna, different sub-frames -- 25 - within a

10 ms radio frame are used for transmission. In this way, a transmit

diversity effect is obtained. Turning back to FIG. 16, the pre-encoded

signal sequences are division-multiplexed Zmutually orthogonal 5

sub-carriers at OFDM multiplexing/mapping units 22-1, 22-2, and mapped

onto the complex plane. The respective complex-modulated OFDM
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tran%riigﬁ%(rrsaét%@m@iedsglG‘é%@@d@i@@k diagerne ARANMEY alecoder 36,
SChePéact'gnstructing a transmit signal.
Outputs of the FFT units 34 are also input to a
20 desired number-of-streams and stream number estimator 41
using a pilot channel, a desired pre-encoding vector
estimator 42 using the pilot channel, and a CQIl estimator
43 using the pilot channel. The estimated desired number
of streams/stream number, desired pre-encoding vector,
25 and CQIl are reported to the base station via uplink.
As described above, according to the present
embodiment, a combination of appropriate MIMO
transmission control schemes and transmission channels,
taking into account the kind and characteristics of
30 physical channels to be transmitted, and the radio
environment, makes i1t possible to improve the transmission
characteristics, and achieve a more efficient radio
resource utilization.
The present invention has been described by
35 breaking 1t down into a number of embodiments for the
convenience of explanation. However, the breakdown to each
of the embodiments is not essential to the present



35 configuration of a mobile station apparatus. The signals received at
respective multiple antennas 39-1 and 39-2 of a mobile station apparatus

30 are each separated from a - 26 - transmit signal at a duplexer 31,

converted to a baseband signal at an RF Fe€eive circuit 32, and fast

Fourier transformed at an FFT unit 34, where an estimated value which

is estimated at the receive timing estimator 33 is 5 input. A shared data
chanpgl/isitiyrio asaigPRb4e B0 AomBYBIeemBartimentd iNke used as
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re-encoding vector 15 information is input to a channel estimator 38

using a pilot chdFheleftd dRgddakeyenavhd lfiling adesakitpvention
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to im%ove HetrangpBusaion ehnseeighicitesand aghievepdiore Gligipations,
Iradlomodifications, alternatives, and replacements are
included in the present invention without departing from

20 the spirit of the present invention.
The present application claims priority based on
Japanese Patent Application No. 2006-225923 filed on
August 22, 2006 and Japanese Patent Application No.
2006-272344 filed on October 3, 2006 with the Japanese
25 Patent Office, the entire contents of which are hereby

incorporated herein by reference.



resource utilization. The present invention has been described by 35
breaking it down into a number of embodiments for the convenience of
explanation. However, the breakdown to each of the embodiments is not
essential to the present -- 27 - invention; s8&hat two or more
embodiments may be used as required. While specific numerical value
examples are used to facilitate understanding of the present invention,
suchcpumegcal values are merely examples, so that any 5 appropriate
valué may be used unless specifically indicated otherwise. As described
above, while the present invention _is described_with reference to specific
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1anteRFSsRNCRBHNE vector W|th a transmlt signal, and wherein,
when transmitting the shared data channel,
a number of streams in the MIMO multiplexing and
a pre-encoding vector for each of the streams are
controlled for a localized-transmission type user, to
20 which a resource block, including multiple contiguous
sub-carriers, i1s allocated, based on a channel state of

the resource block.

3. The method of controlling downlink
25 transmission as claimed in claim 1, wherein
the MIMO multiplexing includes multiplying a
pre-encoding vector with a transmit signal, and wherein,
when transmitting the shared data channel,
the number of streams in the MIMO multiplexing is
30 controlled for a distributed-transmission type user, to
which sub-carriers are allocated over a whole bandwidth,
based on an average channel state of the whole bandwidth,
wherein the pre-encoding vector for each of the streams
has a fixed value.
35
4. The method of controlling downlink
transmission as claimed in claim 3, wherein



5 station having multiple antennas, comprising the steps of: applying an
open loop-type MIMO diversity to one or more common control channels,
an MBMS channel, and an L1/L2 control channel; and applying a closed
loop-type MIMO multiplexing 10 and/or-MB#0-diversity to a shared data
channel. 2. The method of controlling downlink transmission as claimed in
claim 1, wherein the MIMO multiplexing includes multiplying a 15
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25 transmission as claimed in claim 1, wherein the MIMO multiplexing

includes multiplying a pre-encoding vector with a transmit signal, and )
wherein, when tPansmi the’@ﬁ?@ﬂjdat&a:hanrféﬂrtﬁé'?lljﬁﬂég of downlink
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6. The method of controlling downlink
transmission as claimed in claim 3, wherein,

for the distributed transmission-type user, a
SINR for each of the streams of the whole bandwidth and
20 a stream number used are transmitted from the mobile
station to the base station.

7. The method of controlling downlink
transmission as claimed in claim 1, wherein
25 the L1/L2 control channel i1s divided into two
encoding blocks to encode the divided blocks, and wherein
a First of the encoding blocks includes allocated
resource block i1nformation and number-of-streams
information, and wherein
30 a second of the encoding blocks includes
pre-encoding information used for each of the streams iIn
the MIMO multiplexing.

8. The method of controlling downlink
35 transmission as claimed 1n claim 7, wherein

the mobile station, upon receiving the L1/L2
control channel, first decodes the first encoding block



5 a stream according to a predetermined pattern. 5. The method of
controlling downlink transmission as claimed in claim 2, wherein, for the
localized-transmission type user, SINR 10 for each of the streams in a
sub-band which is a grouping of one reso8fe-block or multiple
neighboring resource blocks, a stream number used, and a pre-encoding
vector number for each stream are transmitted from the mobile station to

the bgse siatrac 5 BhEha mieed e g M FE kmB@TBRISSIAAd  then

as clai in_claim 3, wherei he dis{rj ansmissiop-typ r
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7. The method of controlling downlink transmission as claimed in claim 1,
wherein 25 the Ld/L2 copigol chaepgbig diviged intedwe renapitig blogkan ink
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includes allocated resource block information and number-of-streams
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multiplexinga Se TEe ataiBRd ohpentitinegewnlink 35 transmission as

laimed in claim herein t il ti ecejvin 1/
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15 block.

10. The method of controlling downlink
transmission as claimed in claim 7, wherein, for
transmitting the dedicated pilot channel, pre-encoding
20 information is not included in the L1/L2 control channel.

11. The method of controlling downlink
transmission as claimed in claim 7, wherein

a common pilot channel, to which pre-encoding is
25 not applied, and a pre-encoded transmit signal are
transmitted from each of the antennas of the base station,
and wherein

a channel estimation value of the transmit signal
iIs estimated from the common pilot channel based on the
30 pre-encoding information included in the L1/L2 control
channel .

12. The method of controlling downlink
transmission as claimed in claim 1, wherein the open

35 loop-type delay diversity i1s applied to the MBMS channel.

13. The method of controlling downlink



not applied is transmitted from each of the antennas of the base station,
and wherein 10 for the localized-transmission type user, to which a
resource block including multiple contiguous sub-carriers is allocated, a
dedicated pilot channel to which pre-encodfhgcorresponding to each
stream is applied is further transmitted within the allocated resource 15
block. 10. The method of controlling downlink transmission as claimed in

claim FafBRIPYS fon trarsmilfing e dgiicatadiiipt ehanpgbrein the open
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of the transmit signal is estimated from the common pilot channel based

on the 30 pre-encoding information included in the L1/L2 control channel.
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channel. 13. TheyfetBe AT FEBHUEYHEOWNIO i Fo r SPRSTISHARASapp I i es
18Ia|q{e§j '%8@'8‘&?3%8%&5 JoLona) %@%H%%MWQ %"ﬁrﬁé}&uvéédﬁ'gﬁ channel
multipliés pre-encading” which varies over fime in a predetermined pattern

to traRémifthBPdBEcHiA e ppiidB %o ARGndhiditiZati6RF ERInnghannel,
out df loe keremooddomgrol dnsenss 4. THemetitiotoSeartollingg with the
downjifkn BRnepisgien 26 €4HMaY IBEIRIR EoWBRERINARE OREEJIABRBAEI on of
MIME{ 'V%rfﬁ]ﬁé%l%e'ﬁggg RIS d/8r S BRSO HR LGP ERVER: or a

a broadcast c

15 time- or frequency-switched diversity when transmitting
with the number of the antennas exceeding two.

15. The method of controlling downlink
transmission as claimed in claim 1, wherein
20 an open loop-type delay diversity is applied to,
out of the common control channels, a broadcast channel
and a paging channel, and the L1/L2 control channel.

16. A base station apparatus, comprising:

25 multiple antennas;

a scheduler, which allocates, to data to be
transmitted to multiple users, a radio resource based on
a channel state fed back from a mobile station to schedule
transmission;

30 a serial/parallel converter, which converts a
number of streams iInto the transmit data based on stream
information fed back from the mobile station, the number
corresponding to a number up to the number of the antennas;
and

35 a pre-encoding processor, which applies
pre-encoding to each of the streams, wherein the
pre-encoded transmit data is transmitted from the multiple



and a paging channel, and the L1/L2 control channel, block-encoding
diversity when transmitting with the number of the antennas of up to two,
and a combination of the block-encoding diversity and a delay diversity,
or a 15 time- or frequency-switched diversi§¢when transmitting with the
number of the antennas exceeding two. 15. The method of controlling
downlink transmission as claimed in claim 1, wherein 20 an open
loop-AyRea@lay diversity is applied to, out of the common control
channels, a broadcast channel and a paging channel, and the L1/L2
control channel. 16. A base station apparatus, comprising: 25 multiple

antennas; a schéduler! WRicR2f6c3d< ¥ Q9taas be lpdRestitddociaim 16,
multiplecurs=r g, a radio resource based on a channel state fed back from a
B’r?_b“e statiortl tm@%&é@mﬁ@%ﬁ@@s@% iaké@ﬂﬂ'i@§%fﬁ'éerencod ing
whic s str [ e
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pre-drzodinobroaessspwhiod dpbliek grecdhodiling tolebithpleheontiguous
streagph VFeindhe iS-FPIBE HEAshVL daie isskpreiited from the

ultiple 32 -- antennas. 17. The base station as claimed in claim 16,
wherein 5 the pre-encoding processor applies a pre-encoding vector,

which is fed back Hom'the € staligt Hobath of I Bechnidor@laim 16,

transwhiesigmal to one of the users, to which a resource block including
multiple contiguqife SUbrearBgiedd rtecalepdydss seheiHierue 8. Zhefixed
baseps'lgt_l%r}lggalii%egvérh8&@ %gtting unit, and wherein
15 a predetermined pre-encoding vector is applied to
each of the streams of a transmit signal transmitted to
to one of the users, to which sub-carriers spread over a
whole bandwidth are allocated as a resource block by the
scheduler.
20
19. The base station apparatus as claimed in claim
16, further including
a signal generator, which generates one or more
physical channels other than a data channel in which the
25 transmit data I1s transmitted, wherein
the physical channels other than the data channel
are transmitted from the multiple antennas using transmit
diversity without feedback information from the mobile
station.
30
20. The base station apparatus as claimed in claim
19, wherein
the signal generator which generates the physical
channels other than the data channel generates an L1/L2
35 control channel In association with the data channel, and
wherein the L1/L2 control channel includes a First encoding
block in which information on a resource block allocated



wherein the pre-encoding processor includes a fixed pre-encoding weight
setting unit, and wherein 15 a predetermined pre-encoding vector is

applied to each of the streams of a transmit signal transmitted to to one

of the users, to which sub-carriers spread 8%era whole bandwidth are

allocated as a resource block by the scheduler. 20 19. The base station
apparatus as claimed in claim 16, further including a signal generator,
Wr:"CBygwaﬁ%ﬁn@@% P%F‘@Fﬁd PfWé"Pﬁl_rﬁBérlmélﬁ QH’@rst’ﬁﬁ@ém@@re encoded,
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mobile station. 30 20. The base station apparatus as claimed in claim 19,
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type user, to
15

The method of controlling downlink
transmission as claimed in claim 1, wherein
when transmitting the shared data channel,
for a distributed-transmission type user, to
which sub-carriers are allocated over a whole bandwidth,
20 the number of streams in the MIMO multiplexing 1is
controlled based on an average channel state of the whole
bandwidth, and wherein
an open loop-type MIMO diversity is also used when
the number of the streams i1s less than the number of the

25 antennas.

23. The method of controlling downlink
transmission as claimed in claim 1, wherein,
when transmitting the shared data channel,

30 a multi-user MIMO is applied, which spatially
multiplexes using multiple streams iIn the MIMO
multiplexing.

24. The method of controlling downlink

35 transmission as claimed 1n claim 1, wherein
the L1/L2 control channel is divided into two
encoding blocks to encode the divided blocks, and wherein



which multiple contiguous sub-carriers are allocated as the resource
block by the scheduler. 15 22. The method of controlling downlink
transmission as claimed in claim 1, wherein when transmitting the shared
data channel, for a distributed-transmissioR4ype user, to which
sub-carriers are allocated over a whole bandwidth, 20 the number of
streams in the MIMO multiplexing is controlled based on an average

channel state of she pvteolFabHeidicaad MG & PELRS OPSe IXRRY/RA ocated

ity is, al f is | h
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transmission as RlaimEF N dain? T, whbRin, SRRAPAEmiRNGGke shdrgludes
dataghareelicdd engulkidsarMaiois apeldd orhicaspatidilythe streams in

gultiplexeq WFNGTIYERSIZERTRE in the MIMO multiplexing. 24. The
method of controlling downlink 35 transmission as claimed in claim 1,
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blockssincllidesetlogated lr@sourzé plodkanformation, and wherein a
second of the e%@ﬂﬂ@ W{%‘a@ 'HMWEET?Q?@IQ@WMH%@M isésef iMo and
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15 which sub-carriers are allocated over the whole bandwidth
are transmitted in a high-layer signal.

26. The method of controlling downlink
transmission as claimed in claim 25, wherein
20 the mobile station, upon receiving the L1/L2
control channel, first decodes the first encoding block,
and then the second encoding block based on the
number-of-the-streams information, which 1is reported
using the high-layer signal.
25
27. The method of controlling downlink
transmission as claimed in claim 1, wherein
a time-switched diversity 1is applied to a
synchronization channel, out of the common control
30 channels.

28. The method of controlling downlink
transmission as claimed in claim 24, wherein,

to the first encoding block and the second

35 encoding block, a block encoding diversity is applied when

transmitting with the number of the antennas of more than

two, and an open loop-type diversity, which 1iIs a



allocated, or a distributed-transmission type user, to 15 which sub-carriers
are allocated over the whole bandwidth are transmitted in a high-layer
signal. 26. The method of controlling downlink transmission as claimed in
claim 25, wherein 20 the mobile station,ugoh receiving the L1/L2 control
channel, first decodes the first encoding block, and then the second
encoding block based on the number-of-the-streams information, which is
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