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DESCRIPTION

DESCRIPTION

TRANSMISSION DEVICE AND TRANSMISSION METHOD

TECHNICAL FIELD

The present invention generally relates to a

transmission device and a transmission method.

BACKGROUND ART

Transmission methoeds for a

downlink

data

channel 1nclude localized transmission and distributed

transmission.

In localized transmission, as shown in FIG. 1A,

frequency resources are allocated to

the

users by frequency blocks. For example,

in local

respective

ized

transmission, frequency blocls are allocated in such a

manner that frequency selective fading

is reduced.

Generally, transmission data sizes in localized
transmission are large, and therefore localized
transmission is suitable to achieve the effect of
frequency scheduling.

As shown in FIG. 1B, in distributed

transmission, transmission data are distributed across

an allocated frequency band regardless

blocks. For example, distributed

of frequency

transmission

is

employed when frequency scheduling is not usable because

users are moving at high speed or when
sizes are small as in VoIP. Generally,
sizes in distributed transmission
therefore distributed transmission

achieve frequency diversity gain.

transmission data

transmission data

are

1S

small,

suitable

and

to



TRANSMISSION DEVICE AND TRANSMISSION METHOD 5
TECHNICAL FIELD

",

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

However, the above background art technclogies
have disadvantages as described below.

Generally, a system has to support
communications of users moving both at low speed and
high speec.

Also, a system has to support both packets
with large data sizes as 1n Web Dbrowsing and packets
with small cata sizes as in VoIP.

Embodiments of the present invention make it
possible to scolve or reduce one or more problems caused
by the limitations and disadvantages of the background
art, and provide a transmission device and a
transmission method that enable a system to support both

localized transmission and distributed transmission.

MEANS FOR SOLVING THE PROBLEMS

An empodiment of the present invention
provides a transmission device 1including a frequency
scheduling unit configured to allocate, to each user,
either frequency blocks that are consecutive frequency
subcarrier blocks obtained by dividing a system
bandwidth or distributed frequency blocks that are
frequency subcarrier blocks discretely distributed in
the system bandwidth; and a mapping unit configured to
assign transmission data to the frequency blocks or the
distributed frequency blocks according to the allocation
result. The frequency scheduling wunit 1is configured to
allocate the distributed frequency blocks using the
frequency blocks as units and to allocate sub-blocks
obtained by dividing the respective distributed

frequency blocks.
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This configuration makes it possible to assign
a packet that normally fits in one distributed frequency
block to multiple sub-blocks.

Anoth=zr embodiment of the present 1i1nventiocns
provides a transmission method where either frequency
blocks that are consecutive frequency subcarrier blocks
obtained y dividing a system bandwidth or distributed
frequency blocks that are frequency subcarrier Dblocks
discretely distributed 1in the system bandwidth are
allocated tc each user. The transmission method includes
a sub-block allocating step of allocating sub-blocks
obtained by dividing the respective distributed
frequency blocks that are allocated using the frequency
blocks as wunits; and a mapping step of assigning
transmission data to the frequency blocks or the
distributed frequency blocks that are allocated.

This method makes i1t possible to assign a
packet that normally fits in one distributed frequency

block to multiple sub-blocks.

ADVANTAGEOUS EFFECT OF THE INVENTION

Embodiments of the present invention provide a
transmission device and a transmission method that
enable a system to support both localized transmission

and distributed transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1is a drawing 1i1llustrating localized
transmission;

FIG. 1B 1s a drawing 1llustrating distributed
transmission;

FIG. ’ 1s a partial bloc  diagram illustrating

a transmission device according to an embodiment of the
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present invention;

FIG. 3 1s a drawing used to describe
operations of a transmission device according to an
embodiment of the present invention;

FIG. 4A 1s a drawing wused to describe
operations of a transmission device according to an
embodiment of the present invention;

FIG. 4B 1is a drawing wused to describe
operations of a transmission device according to an
embodiment of the present inventicn;

FIG. 5 1s a drawing illustrating a method of
reporting allocation information in localized and
distributec multiplexing;

FIG. 6 is a drawing illustrating a method of
reporting @allocation information in localized and
distributea multiplexing;

FIG. 7A 1s a drawing illustrating a method of
reporting allocatien information in localized and
distributed multiplexing;

FIG. 7B 1is a drawing illustrating a method of
reporting allocation information in localized and
distributed multiplexing;

FIG. B8 is a drawing illustrating a method of
reporting allocation information in localized and
distributed multiplexing;

FIG. 9 is a drawing illustrating a method of
reporting allocation information in localized and
distributed multiplexing;

FIG. 10 1s a partial block diagram
illustrating a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 11 is a drawing wused +to describe
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operations of a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 12 is a partial block diagram
illustrating a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 13 1s a drawing used to describe
operations of a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 14 is a partial block diagram
illustrating a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 15 1is a drawing used to describe
operations o0f a frequency scheduling unit of a
transmission device according tc an embodiment of the
present invention;

FIG. 16 1s a flowchart showing a process of
allocating radio resources 1n a transmission device
according to an embodiment of the present invention;

FIG. 17A is a drawing 1llustrating a method of
reporting allocation information in localized and
distributed multiplexing:;

FIG. 17B is a drawing illustrating a method of
reporting allocation information in localized and
distributed multiplexing;

FIG. 18A is a drawing illustrating a method of
reporting allocation information in localized and
distributed multiplexing;

FIG. 18B is a drawing illustrating a method of

reporting allocation information in localized and
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distributed multiplexing;

FIG.

reporting

allocation

19 is a drawing illustrating a method of

information in localized and

distributed multiplexing;

FIG.

reporting

allocatioen

20 is a drawing illustrating a method of

distributed multiplexing;

FIG. 21A
operations of a
transmission device
present invention;
FIG. 21B
operationsg of a
transmission device
present invention;
FIG. 2Z2A
operations of a
transmission device
present invention;
FIG. Z2B
operations of a
transmission device
present invention;
FIG. 23A
operations of a
transmission device
present invention;
FIG. 23B
operations of a
transmission device
invention;

T4A

present
FIG.

operations of a

information in localized and
is a drawing used to describe
frequency scheduling unit of a

according to an embodiment of the

is a drawing used to describe

frequency scheduling unit of a

according to an embodiment of the

is a drawing ased to describe

frequency scheduling unit of a

according to an embodiment of the

is a drawing used to describe

frequency scheduling unit of a

according to an embodiment of the

is a drawing used to describe

frequency scheduling unit of a

according to an embodiment of the

1s a drawing used to describe

frequency scheduling unit of a

according to an embodiment of the

is a drawing wused to describe

frequency scheduling unit of a
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transmission device according to an embodiment of the
present invention;

FIG. 24B 1s a drawing used to describe
operations of a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 25A 1s a drawing used to describe
operations of a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 25B 1is a drawing wused to describe
operations of a frequency scheduling unit of a
transmissicn device according to an embodiment of the
present invention;

FIG. 26 1is a drawing illustrating a method of
reporting allocation information 1in localized and
distributed multiplexing;

FIG. 27 is a drawing 1llustrating a method of
reporting allocation information in localized and
distributed multiplexing;

FIG. 28 is a drawing illustrating a method of
reporting allocation information in localized and
distributed multiplexing;

FIG. 29 1s a drawing used to describe
operations of a frequency scheduling unit of a
transmission device according to an embodiment of the
present invention;

FIG. 30 is a drawing wused to describe
operations of a frequency scheduling unit of a
transmission device according to an embodiment of the

present invention; and
FIG. 31 1s a drawing illustrating tree based

resource allocation.



15 users by frequency blocks. For example, in localized transmission,
frequency blocks are allocated in such a manner that frequency selective

fading is reduced .

EXPLANATION OF REFERENCES

100 Transmission device

BEST MODE FOR CARRYING OUT THE INVENTION

The best mode for carrying out the invention
1s described based on the following embodiments with
reference to ths accompanying drawings.

Throughout the accompanying drawings, the same
reference numbers are used for parts having the same
functions, and overlapping descriptions of those parts
are omitted.

A transmission device according to an
embodiment of the present 1invention is described below
with reference to FIG. 2.

A transmission device 100 of this embodiment
performs distributed transmission based on localized
transmission. The transmission device 100 is provided,
for example, in a base station.

The transmission device 100 includes a
resource block (RB} allocation ratio switching unit 102
used as an allocation ratio determining wunit that
receives information on the mobility of mobile stations
(UEs) and information, such as sizes and types, on the
traffic of the mobile stations; & frequency scheduling
unit 104 that receives propagation path information of
the mobile stations, priority information of the mobile
stations, and an output signal from the resource block
allocation ratio changing unit 102; a control
information generating unit 106 and a transmission data
generating unit 112 each of which receives an output
signal from the frequency scheduling unit 104; coding-

rate-and-data-modulation determining units 108 and 114
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that, respectively, receive output signals from the
control information generating unit 106 and the
transmission data generating unit 112; a mapping unit
110 that receives an output signal from the coding-rate-
and-data-modulation determining unit 108 and outputs
control information; and a mapping unit 116 that
receives data and an output signal from the coding-rate-
and-data-modulation determining wunit 114 and outputs
data.

The resource block allocation ratio changing
unit 102 determines the allocation ratio of resource
blocks t« be allocated for localized transmission
(localized resource blocks) to those to be allocated for
distributed transmission (distributed zresource blocks)
based on the mobility information and traffic
information of the mobile stations, and inputs the
determined allocation ratic as resource block allocation
ratio information to the frequency scheduling unit 104.

For example, when there are many high mobility
mobile stations or when the data sizes of packets in the
traffic are small as in VoIP, the resource block
allocation ratio changing unit 102 allocates a larger
share of resource blocks for distributed transmission.

The frequency scheduling unit 104 allocates
resource blocks to the mobile stations based on the
propagation path information of the mobile stations, the
priocrity information of the mobile stations, and the
resource block allocation ratic information. In this
embodiment, the priority information of each mobile
station 1s represented by a numerical value obtained
based on parameters such as the presence or absence of a
retransmission request, time elapsed after a packet is

transmitted from a transmitting terminal, a target
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transmission rate, actual throughput, and an allowed
delay in packet transmission.

For example, the frequency scheduling unit 104
adaptively changes the allocation ratio of 1localized
resource blocks to distributed —resource blocks at
predetermined intervals, e.g., at each scheduling cycle,
according to the resource block allocation ratio
information determined based on the conditions, such as
channel conditions and traffic, of the mobile stations.
This approach makes it possible to increase the
throughput of data channels.

Alternatively, the frequency scheduling unit
104 may be configured to change the allocation ratio of
localized resource blocks to distributed resource blocks
at long intervals according to the resource block
allocation ratio information determined based on the
conditions, such as traffic, of the mobile stations.
Compared with a case where the ratio 1s changed at each
scheduling cycle, this approacnh makes it easier to
control resource block allocation. Also, this approach
makes 1t possible to reduce the number of control bits
used to report the number of resource blocks allocated
for distriputed transmission.

For example, as shown in FIG. 3, the frequency
scheduling unit 104 assigns data to be sent by localized
transmission and data to be sent Dby distributed
transmission to Zfrequency blocks. In other words, the
frequency scheduling unit 104 allocates distributed
frequency blocks (resource blocks) that are frequency
subcarrier blocks discretely distributed in a system
bandwidth to each user using frequency blocks, which are
consecutive frequency subcarrier blocks obtained by

dividing the system bandwidth, as units. This apprcach
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makes 1t unnecessary to use signaling information in
distributed transmission.

Also, the frequency scheduling unit 104
divides one resource block into multiple sub-blocks,
e.g., into N sub-blocks (N represents an integer greater
than 0), tc perform distributed transmission at resource
block level, 1In this case, the frequency scheduling unit
104 allocates sub-blocks obtained by dividing respective
distributed fregquency blocks as resource blocks. Here,
resource blocks 1indicate units for mapping users or
units for assigning users.

For example, as shown in FIG. 4A, the
frequency scheduling unit 104 divides a resource block
in the time direction, e.g., intc two and allocates the
divided resource biocks to multiple users, e.g., to two
users. In the example shown in FIG. 4A, the frequency
scheduling unit 104 allocates first blocks and second
blocks to different users.

Alternatively, the frequency scheduling unit
104 may be configured to divide a resource block in the
frequency directicn, e.g., 1nto two as shown in FIG. 4B,
and tc allocate the divided resource blocks to multiple
users, e.g., to two users. In the example shown in FIG.
4B, the frequency scheduling unit 104 allocates first
blocks and second blocks to different users.

In FIGs. 4A and 4B, the first twoc symbols
represent a pilot and signaling bits, 1.e., a pilot
channel and an L1/L2 control channel.

In distributed transmission at resource block
level, frequency diversity gain cannot be achieved
unless multiple rescurce blocks are allocated. When the
data sice of a packet 1s small as in VolIP traffic, all

data may fit 1n one resource Dblock and frequency
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diversity gain may not be achieved. In VoIP, the data
size of a packet 1is, for example, 180 bits.

Dividing a resource block 1into N resource
blocks and assigning a packet that normally fits 1in one
resource block to the N resource blocks make it possible
to increase frequency diversity gain.

The control information generating unit 106
generates control information for the mobile stations to
which resource blocks are allocated by the frequency
scheduling unit 104.

The control information generating unit 106
assigns identification codes, for example, numbers,
indicatinc physical locations of esource blocks to the
numbers of localized resocurce blocks. For example, as
shown in FIG. 5, when there are 16 resource blocks in a
frequency band and all the resource blocks are used as
localized rescurce blocks, the numbers of the localized
resource blocks and the numbers 1indicating physical
locations of the rescurce blocks become identical. 1In
FIG. 5, numbers written in localized RBs represent the
numbers assigned to the localized resource Dblocks and
numbers written above the localized RBs represent
physical locations of the resource blocks.

When distributed transmission 1s performed,
the control information generating unit 106 converts a
subset of the resource blocks intc distributed resource
blocks. For example, the control information generating
unit 106 converts four resocurce blocks into distributed
resource blocks. In this embediment, localized resource
blocks that are to be converted 1into distributed
resource plocks are selected according to
predetermined rule depending on the number of

distributed resource blocks.
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For example, as shown 1in FIG. 6, the control
information generating unit 106 assigns identification
codes or numbers starting from 0 indicating the
corresponding physical locations to the resource blocks
and converts every 16/N-th (N indicates the number of
distributed resource blocks to be allocated) resource
block to a distributed resource bloct . This approach
makes 1t possible tc¢ uniquely determine resource blocks
to be allocated for distributed transmission based on
the number of distributed resource blocks and thereby to
reduce the amount c¢f control information. In FIG. 6,
numbers written in localized RBs and beside distributed
RBs, respectively, represent the numbers assigned to
localized resource Dblocks and distributed resource
blocks, and numbers written above the RBs represent
physical locations of tne resource blocks.

The control information generating unit 106
assigns serial numbers to the localized resource blocks
and the distributed resource blocks according to a
predetermined rule. For example, as shown in FIG. 6, the
control information generating unit 106 first assigns
numbers to the localized resource blocks in ascending
order of the physical location numbers of the rescurce
blocks, and then assigns numbers to the distributed
resource blocks. This approach makes it possible to
uniquely identify physical locations of the distributed
resource blocks and the localized resource blocks based
on their assigned numbers and the number of distributed
resource blocks. This 1in turn makes 1t pocssible to
report allocation 1nformation with a small number of
bits.

Exemplary resource bplock &allocation to a

mobile station 0 (UEQ), a mobile station 1 (UEl), a
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mobile station 2 (UEZ), a mobile station 3 (UE3), and a
mobile station 4 (UE4) 1s described below with reference
to FIGs. 7A and 7B.

Here, it 1is assumed that the mobile stations 0,
1, and 2 are low mobility users and the mobile stations
2 and 4 are high mobility userc<. In this case, the
frequency scheduling unit 104 allccates localized
resource blocks teo the mobile stations 0, 1, and 2, and
allocates distributed resource blocks to the mobile
stations Z and 4.

For example, the frequency scheduling unit 104
allocates resource blocks #0, #1, and #3 to the mobile
station 0 resource block #2 to the mobile station 1,
resource blocks #4, #5, #6, #7, #.. #9, #10, and #11 to
the mobile station 2, resource blocks #12, #13, and #14
to the mobile station 3, and resocurce block #15 to the
mobile station 4.

An exemplary method of reporting allocation
information is described below.

As shown in FIG. 8, when encoding and sending
allocation information for multiple mobiles stations
collectively, the control information generating unit
106 reports the number of distributed rescurce Dblocks,
IDs o¢f mobile stations to which resource blocks are
allocated, and mobile station numbers associated with
resource block numbers of allocated resocurce blocks. In
other words, the control information generating unit 106
generates contrcl information including the number of
identificatiocon codes identifying resource blocks,
information indicating all mobile stations to which
either fregquency blocks or sub-blocks are allocated, and
wnformation indicating the correspondence between the

mobile stations and the identification codes.



25 blocks. For example, distributed transmission is employed when
frequency scheduling is not usable because users are moving at high
speed or when transmission data sizes are small as in VolP Generally,
transmission data sizes in distributed trasmission are small, and

For example, when the number of distributed
resource blocks 1s between 1 and 1¢, four Dbits are
necessary to express the value.

Fields for the IDs of mobile stations are
provided “for the maximum number of allocatable users to
which resource blocks can be allccated at the same time.

For example, when the maximum number of
allocatable users is 4 and each mobile station ID is
represented by 12 bits, “abcdefghijllv’ (ID of a mobile
station to which a user number #0 is assigned) is stored
in #0 and similarly, IDs of other mobile stations are
stored in #1 through #3. In this case, the total number
of bits fcr mobile station IDs is 4x12=48.

The mobile station numbers used to indicate
the correspondence between mobile stations and allocated
resource blocks are represented by the user numbers #0
through #3 1nstead of mobile station IDs.

The resource block numbers are serial numbers
assigned to the distributed resocurce blocks and the
localized resource blocks and do not indicate physical
locations of resource Dblocks. When the number of
resource Dblocks 1is 16 and the mazximum number of
allocatahle users is 4 (2 bits), the required number of
bits is 16x2=32. For example, the mobile station #1 1is
specified for the resource block number #0, the mobile
station #3 for the resocurce block number #1, the mobile
station #0 for the resource block number #2, the mobile
station #- for the resource block number #3, and the
mobile station #2 for the resource block number #4.

As an aiternative method, allocation
information may be encoded and sent for each mobile
station.

In this case, as shown in FIG. 9, the control
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information generating unit 106 reports the number of
distributed resource blocks, an ID of a mobile station
to which resource blocks are allocated, and resource
block numbers of allocated resource blocks. In other
words, the control information generating unit 106
generates control information including the number of
1dentification codes identifying resource blocks,
information indicating a mobile station to which either
frequency blocks or sub-blocks are allocated, and
information indicating the correspondence between the
mobile station and the identification codes.

For example, when the number of distributed
resource »locks 1is between 1 and 16, four bits are
necessary to express the value.

In the mobile station [D field, the ID of the
mobile station 1s stored. The required number of bits
for the mobile station ID is, for example, 12 bits.

The resource block numbers are serial numbers
assigned to the distributed resource blocks and the
localized resource bplocks and do not indicate physical
locations of resource blocks. For example, allocated
resource blocks are flagged with ™“1” and wunallocated
resource blocks are flagged with ™0”. In this case, the
required number of bits is, for c<zample, 16 and 1is the
same as the number of resource blocks. For example, 0 1is
specified for the resource block number #0, 0 for the
resource block number #1, 0 for the resource block
number #. 1 for the resource block number #3, and 1 for
the resource block number #4.

The coding-rate-and-data-modulation
determining unit 108 determines a coding rate and a data
modulation level used fto transmi’' control information.

The mapping unit 110 mocdulates and encodes
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control information using the data modulation level and
the coding rate determined by the coding-rate-and-data-
modulation determining unit 108 and maps the control
information to physical channels. As a result, the
control information is transmitted.

The transmission data generating wunit 112
generates transmission data according to the numbers of
resource blocks allocated to the respective mobile
stations. For example, the transmission data generating
unit 112 determines the amount of transmission data.

The coding-rate-and-data-modulation
determining unit 114 determines coding rates and data
modulation levels used to transmit the data for the
respective mobile stations to which resource blocks are
allocated by the frequency scheduling unit 104.

The mapping unit 116 modulates and encodes the
data and maps the data to physical channels.

Next, an exemplary process 1in the frequency
scheduling unit 104 of allocating resource Dblocks to
transmission data 1s described with reference to FIG. 10.

The frequency scheduling unit 104 allocates
resource blocks preferentially to¢ data to be sent by
localized transmission.

As shown in FIG. 10, the frequency scheduling
unit 104 includes a localized allocation unit 1042 and a
distributed allocation unit 1044 that receives an output
signal from the localized allocation unit 1042.

The localized allocation unit 1042 receives
propagation path information of the respective mobile
stations, priority 1information, and resource Dblock
allocation ratic information indicating the allocation
ratio of localized resource ©Pplocks to distributed

resource blocks, and allocates resource blocks
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data to be sent by localized

and the priority information.

the propagation path information

As shown in FIG. 11, the localized allocation

unit 1042 first allocates

stations to which

taking 1into account the

resource blocks to mobile

localized transmission 1is applied

reception conditions of the

mobile stations 1n the respective resource blocks. In

this step. the localized allocation unit 1042 leaves

resource blocks to be allocated to mobile stations to

which distriputed transmission 1is applied based on the

resource klock allocation ratio information. For example,

the localized allocation unit 1042 allocates resource

blocks to the mobile stations

information.

based on the prioraity

The distributed allocat’'on unit 1044 allocates

resource blocks, other than those allocated to data to

be sent by localized transmission, to data to be sent by

distributed transmission.

As shown in FIG. 11, after resource blocks are

allocated to mobile stations

transmission is applied,

1044 allocates remaining

to which localized

the distributed allocation unit

resource blocks to mobile

stations to which distributed transmission is applied.

For example, the

distributed

allocation unit 1044

allocates resource blocks to the mobile stations based

on the priority ainformation.

Alternatively, the freguency scheduling unit

104 may Dbe configured to allocate resocurce blocks

preferentially to

transmission.

data te be

sent Dby distributed

In the example shown in FIG. 12, the frequency

scheduling unit 104

includes a

cistributed allocation
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unit 1044 and a localized allocation unit 1042 that
receives an output signal from the distributed
allocation unit 1044.

The distributed allocation unit 1044 receives
propagation path information of the respective mobile
stations, priority information, and resource Dblock
allocation ratio information indicating the allocation
ratio of localized <resource blocks to distributed
resource blocks, and allocates resource blocks
preferentially to data to be sent Dby distributed
transmiss ' on based on the propagation path information
and the priority information.

As shown in FIG. i3, the distributed
allocation unit 1044 preferentially allocates resource
blocks to mobile stations to which distributed
transmissicn is applied taking intu account  the
reception conditions of the mobile stations in the
respective resource blocks or in such a manner that the
frequency diversity gain is increased. In this step, the
distributed allccation unit 1044 leaves resource blocks
to be allocated to mobile stations to which localized
transmission is applied based on the resource block
allocaticn ratio information. For example, the
distributed allocation unit 1044 allocates resource
blocks to the mobile stations based on the priority
information.

As shown in FIG. 13, after resource blocks are
allocated to mobile stations *o which distributed
transmission 1is applied, the localized allocation unit
1042 allocates remaining resource blocks to mobile
stations to which localized transmission is applied. For
example, the localized allocation unit 1042 allocates

resource Dplocks to the mobile stations based on the
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As another example, the frequency scheduling
unit 104 may be configured to allocate resource Dblocks
reserved for localized transmission and distributed
transmission, respectively.

In this case, the frequency scheduling unit
104 allocates reserved resource blocks to users to which
localized transmission is applied and to users to which
distributea transmission is applied, respectively. With
this approacu, because resource blocks are reserved for
localized transmission and distributed transmission,
respectively, tne order of allocation is not relevant to
the allocetion results.

In the example shown in FIG. 14, the frequency
scheduling unit 104 1includes a distributed allocation
unit 1044 and a localized allocation wunit 1042 that
receives an output signal from the distributed
allocation unit 1044.

The distributed allocation unit 1044 receives
propagation path information of the respective mobile
stations, ©priority information, and resource Dblock
allocation ratio information indicating the allocation
ratio of localized resource Dblocks to distributed
resource blocks.

As shown in FIG. 15, the distributed
allocation unit 1044 allocates resource blocks reserved
for distributed transmission to mobile stations to which
distributed transmission -s applied. For example, the
distributed allccation unit 1044 allccates the reserved
resource blocks to the mobile stations based on the
priority information.

As shown in FIG. 15, the localized allocation

unit 104 allocates resource blocks reserved for
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localized tiansmission to mobil. stations to which
localized transmission 1S applied. For example, the
localized allocation unit 1042 &zllocates the reserved
resource bplocks to the mobile stations based on the
priority information.

Next, an exemplary process of allocating radio
resources by the transmission device 100 1s described
with reference to FIG. 16.

The frequency scheduling unit 104 determines
whether it 1s time to change the allocation ratio of
localized resource blocks to distributed resource blocks
(step S1607).

If 1t is time to change the allocation ratio
of localized resource Dblocks to distributed resource
blocks (YES in step S1602), the resource block
allocation ratio changing unit 107 changes the rescurce
block allocation ratio (step S1604).

After the resource Dblock allocation ratio 1is
changed in step S1604 or if it is not time to change the
resource block allocation ratio (NO in step S1602), the
process goes to step S1606. In step S1606, the frequency
scheduling unit 104 allocates resource Dblocks as
described above to mobile stationz to which localized or
distributed transmission is appliecd (step S51606).

Then, the contrcl information generating unit
106 generates control information for reporting resource
block allocation information tc¢ the mobile stations
(step S1608).

Next, the transmission data generating unit
112 determines the amounts of data toc be transmitted to
the respective mobile stations kased on the scheduling
result of the frequency scheduling unit 104, and

generates transmission signal sequences (step $51610).
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The coding-rate-and-data-modulation
determining units 108 and 114 determine coding rates and
data modulation levels, respectively, for the data and
the control information (step S161Z).

Then, the mapping units 110 and 116 map the
control information and the data, respectively. to
physical channels (step S1614).

A transmission device according to another
embodiment of the present invention 1s described below.

The configuration of a transmission device 100
of this embodiment 1s substantially the same as that
shown 1n FIG. ~. and therefore descriptions of the
configuration are omitted here. The transmission device
100 of this embodiment is different from the
transmission device of fthe above embodiment 1in the
cperations c¢f the control information generating unit
106.

The control information generating unit 106
generates control information for the mobile stations to
which resource blocks are allocated by the frequency
scheduling unit 104.

The control information generating unit 106
assigns identification codes, for example, numbers,
indicating physical locations of -esocurce blocks to the
numbers of localized rescurce blocks. For example, when
there are lo resource blocks 1in a frequency band and all
the resource blocks are used as localized resource
blocks as shown in FIG. 5, the numbers assigned toc the
localized resource blocks and the numbers indicating
physical locations of the resource Dblocks become
identical.

When distributed transmission 1s performed,

the control information generating unit 106 converts a
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subset of the resource blocks into distributed resource
blocks. For example, the control information generating
unit 106 converts four resource blocks into distributed
resource blocks.

In this embodiment, localized resource blocks
that are to bpe converted intc distributed resource
blocks are selected according to a predetermined rule
depending on the number of distributed resource blocks.

For example, the control information
generating unit 106 allocates frequency Dblocks and
distributed frequency blocks as described below. In this
example, one distributed resource block (distributed
frequency »lock) 1s divided inte Np resource blocks.
Sets of the Np resource blocks are positioned apart from
each other py a distance C expressed Dby formula (1)

below.

[Formula 1]

C= _Np ‘/ND_I

In formula (1), Nprg represents the number of
physical locations of resource blocks. Digits after the
decimal point of Npre/Np are truncated.

When the number of distributed resource blocks
1S Npyrs and Npyrp=Np-prs*Np (Np-pgg 1S an 1integer that
satisfies 0 = Npprs =C), Nppsz “paired physical resource
blocks” are allocated for distributed transmission.
Location k of each physical resocurce block is expressed

by formula (2Z) below.

[Formula 2]
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k=ixC+jx C/ Ny ppy ()

In formula (2), 1 represents values 0 through
Np—-1, and ] represents values 0 through Np-prs—1.

FIG. 17A shows an example where Nprg 1S 12, Np
1s 2, and Npyrg =3 2. FIG. 17B shows an example where Npzg
is 12, Np is - and Npyrg 1s 4. Tn FIGs. 17A and 17B,
numbers 1 itter. in localized RBs and beside distributed
RBs represent the numbers assigned to localized resource
blocks and distributed resource blocks, respectively,
and numbers written above the KBs represent physical
locations of the resource blocks.

This approach enables the transmission device
100 to report allocation information by just sending the
number of distributed resource Dblocks to receiving
devices. For example, a mobile station to which
localized transmission 1is toc be applied can identify
resource blocks allocated to itself based only on the
locations of the resource blocks. Meanwhile, a mobile
station to which Jdistributed transmission 1is to be
applied can identify resource blocks allocated to itself
based on the number of distributed resource blocks and
information indicating the locations of the resource
blocks.

Also, this approach makes 1t ©possible to
uniquely determine resource blocks to be used as
distributed resource blocks based on the number of the
distributed resource Dpblocks. Irm other words, this
approach makes it possible to uniguely 1dentify physical
locations of distributed resource blocks and localized
resource blocks based on their assigned numbers and the

number of the distributed resource blocks. This in turn
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makes it possible to report allocation information with
a small number of bits.

Exemplary resource block allocation for a
mobile station 0 (UEQ), a mobile station 1 (UE1l), a
mobile station 2 (UE2), a mobile station 3 (UE3), and a
mobile station 4 (UE4) 1s described below with reference
to FIGs. 18A and 18B. 1In FIGs. 18A and 18B, numbers
written 1in localized RBs and Dbeside distributed RBs
represent the numbers assigned to localized resource
blocks and aistributed resource blacks, respectively.

Here, 1t is assumed that the mobile stations 0,
1, and 2 are low mobility users and the mobile stations
3 and 4 are high mobility users. In this case, the
frequency scheduling unit 104 allocates localized
resource plocks to the mobile stations 0, 1, and Z, and
allocates distributed resource blocks to the mobile
stations 3 and 4.

For example, as shown in FIG. 18B, the
frequency scheduling unit 104 allocates resource blocks
#1, #2, and #5 to the mobile station 0, resource block
#3 to the mobile station 1, resource blocks #6, #7, #9,
#10, #11, #13, #14, and #15 to the mobile station 2,
resource blocks #0, #4, and #8 to the mobile station 3,
and resource block #12 to the mobile station 4.

An exemplary method of reporting allocation
information is described below.

As shown in FIG. 19, when encoding and sending
allocation information for multiple mobile stations
collect.vely, the control information generating unit
106 reports UE-IDs assoclated with UE indexes
(Replacement of UE-ID by UE index). transmission methods
rfor the respective UEs (Transmission method for each UE),

and the WUE 1ndexes assoclated with resource blocks
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(Assignment UE index of each RB).

The UE-IDs are 1dentification information of
all mobile stations and associated with UE indexes. UE-
ID fields are o»rovided for the maximum number of users
to which resource blocks can be allocated at the same
time. The UE-ID faields store the 1IDs of UEs to which
resource hlocks are allocated. For example, when the
maximum number of allocatable users 1s 4 and each UE-ID
is represented by 12 bits, #0:abcdefghijkl (UE-ID of a
mobile station to which a user number #0 is assigned) is
stored in #0 and similarly, UE-IDs of other mobile
stations are stored in #1 through #3. In this case, the
total number of bits for UE-IDs is 4x12=48.

The wuser numbers #0 through #3 are wused
instead of UE-IDs to indicate the correspondence between
UEs and allocatea resource blocks

In transmission method fields, information
indicating distributed transmission or localized
transmission 1s stored for the respective users to which
resource blocks are allocated by the frequency
scheduling unit 104. The transmission method fields are
provided for the maximum numbe: of wusers to which
resource blocks can be allocated at the same time. For
example, "“1” indicates distributed transmission and “0”
indicates localized transmission. In other words, in the
transmission meth-d fields, information indicating
whether frequency blocks or sub-blocks are allocated is
stored in association with the identification
information identifying all the mobile stations.

In UE 1index fields, user numbers indicating
mobile staticons are stored 1in association with the
resource block numbers (that are different from those

indicating physical locations of resource Dblocks)
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resource blocks. In other words, the UE indexz fields
store identification information of mobile stations in
association with identification codes indicating
locations of frequency blocks and sub-blocks.

For example, when the number of resource
blocks 1s 16 and the maximum number of allocatable users
1s 4 (2 bits), the required number of bits is 16x2=32.

As an alternative method, allocation
information may be encoded and sent for each mobile
station.

In this case, as shown in FIG. 20, the control
information generating unit 106 reports a UE-ID
associatea with a UE 1index (Assignment UE-ID), a
transmissicn method for the UE (Transmission method for
each UE), and resource block allocation information
(Assignment information of each RB).

The UE-ID .i1s 1identification information of a
mobile station and associated with a UE index. The UE-ID
field stores the ID of a UE to which resource blocks are
allocated. For example, the UE-ID may be represented by
12 bits.

In the transmission method field, information
indicating distributed transmission or localized
transmission 1is stored for the user to which resource
blocks are allocated by the frequency scheduling unit
104. For example, “1” indicates distributed transmission
and “0” indicates localized transmission. In other words,
in the transmission method field, information indicataing
whether frequency blocks or sub-blocks are allocated is
stored in associlation with the identification
information of the mobile station.

In the resource block allocation information
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fields, information indicating whether resource blocks
are allocated for the user is stored in association with
the corresponding resource blcck numbers (that are
different from those indicating physical locations of
resource blocks) assigned to the distributed resource
blocks and the localized resource blocks. For example,
“1” indicates that the resource hlock is allocated for
the user and “0” indicates that the resource block 1is
not aliocated for the |user. In other words, the
identification information of the mobile station is
assoclatec with identification codes indicating
locations of fr=quency blocks and sub-blocks.

Next, a transmission device according to
another embodiment of the present invention is described.

The configuration of a transmission device 100
vf this embodiment 1s substantially the same as that
shown in FIG. £, and therefore descriptions of the
configuration are omitted here. The transmission device
100 of this embodiment is different from the
transmission device of the above embodiments 1in the
operations of the control information generating unit
106.

The control information generating unit 106
generates control information for the mobile stations to
which resource blocks are allcocated by the frequency
scheduling unit 104.

In this embodiment, 1locations of distributed
resource blocks and the dividing pattern are
predetermined. More specifically, which resource blocks
are to be converted into distributed resocurce blocks and
which distributed resource blocks are to be divided into
how many sub-blocks are determined Dby a preset rule

depending on the number of the distributed resource
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FIGs. 21A and 21B show examples where the
numbers of distributed rescurce blocks are twoe and three,
respectively. In the examples shown in FIGs. Z21A and 21B,
the number of distributed resource blocks is made
identical with the division number into which each
distributed resource block is divided. In FIGs. 21A and
21B, numbers written in localized RBs and Dbeside
distributed REs represent the numbers assigned to
localized <resource Dblocks and distributed resource
blocks, r spectively, and numbers written above the RBs
represent physical locations of the resource blocks.

If the number of distributed resource blocks
1s made identical with the division number of each
distributed resource block, the number of distributed
resource Ltklocks Dpecomes equal to the number of
allocatable distributed resource blocks. As a result,
regardless of the number of distributed resource blocks,
all of the distributed resource blocks can be allocated.
Compared with the above embodiments, this approach makes
it possible to improve radic resource allocation
efficiency.

Alternatively, the number of distributed
resource blocks may be made different from the division
number of each distributed resource bloclh.

FIG. ZZA shows an example where the number of
distributed resource plocks is 5 and the division number
of each distributed resource bloc': 1s 2 or 3. FIG. Z2Z2B
shows an example where the number of distributed
resource blocks is 5 and the division number of each
distributed resource block is 5. In FIGs. ZzZA and 22B,
numbers written 1n localized RBs and beside dilistributed

RBs represent the numbers assigned to localized resource
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blocks and distributed resource Dblocks, respectively,
and numbers written above the RBs represent physical
locations of the resource blocks.

Dividing distributed resource blocks by
multiple dividing patterns makes it possible to make the
number of distributed resource blccks identical with the
number of allocatable distributed resource blocks.

Next, an exemplary method of assigning
1dentification codes or serial numbers to localized and
distributed resource blocks is described with reference
to FIGs. 21A through 22B.

Serial numbers are assigned separately to
localized r=source Dblocks and distributed resource
blocks. To the localized resource blocks, serial numbers
are assigned such that the numbers indicating the
physical locations of the resource Dblocks become
identical with the serial numbers. To the distributed
resource blocks, serial numbers are assigned separately
from those of the localized resource blocks according to
the dividing pattern of the distributed resource blocks.

By assigning serial numbers separately to
distributed resource blocks and localized resource
blocks and by allocating resource blocks such that the
serial numbers of the allocated resource blocks become
consecutive, it 1s possible +to reduce the number of
control bits used to report allocation information. An
example of this method is described later.

This method of assigning serial numbers to
resource blocks may also be applied to a case as shown
in FIG. 6 where serial numbers are first assigned to
localized resource blocks and then assigned to
distributed resource bplocks. Alsc, this method may be

applied toe a case where serial numbers are first
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assigned to distributed resource Dblocks and then
assigned to localized resource blocks.

Further, this method may be applied regardless
of whether the division number of each distributed
resource block is predetermined or not predetermined.

Next, arn exemplary method of assigning
identification codes or serial numpbers to localized
resource blocks and distributed resource blocks 1is
described with reference tc FIGs. 23A through 24B. 1In
FIGs. Z3A through 24B, numbers written in localized RBs
and Dbeside distributed RBs represent the numbers
assigned %o localized resource LIlocks and distributed
resource blocks, respectively, and numbers written above
the RBs represent physical locations of the resource
blocks.

In this method, serial numbers to be assigned
to localized resource blocks are predetermined as shown
in FIG. 23A. Similarly, serial numbers to be assigned to
distributed rescurce blocks are predetermined as shown
in FIG. 23B. FIG. 23B shows an example where the
division number of each resocurce block is 2.

In this case, the Lonysical locations of
resource blocks to be wused asz distributed resource
blocks are determined based on the number of the
distributed resource blocks. For example, when the
number of distributed resource blocks 1is 2, resource
blocks with physical location numpers 0 and 8 are used
as the distributed resource bloc!'s, and identification
codes 0 and 1 are assigned to the respective distributed
resource blocks.

Alternatively, as shown in FIGs. 24A and 24B,
the dividing pattern of distributed resource blocks and

assignment of serial numbers to the distributed resource
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blocks may be changed depending on whether the number of
the distributed resource blocks 1g an even number or an
odd number. FIG. 24A shows an example where the number
of distributed resocurce blocks is an even number and the
divislion numpber of each distributed resource block 1s 2.
FIG. 24B  shows an example where the number of
distributed resource blocks 1s an odd number and the
division rnumber of each distributed resource block is 1,
2, or 3.

The dividing patterns of distributed resource
blocks and assignment of serial numbers to the
distributed resource blocks shown in FIGs. 24A and Z24B
are just ¢xamples and may be changed as necessary.

Thus, in the above method, the dividing
pattern of distributed resource Ilocks and assignment of
serial numbers to the distributed resource Dblocks are
changed depending on whether the number of the
distributed resource blocks is an even number or an odd
number. This method makes it possible for a mobile
station to determine the dividing pattern of the
distributed resource blocks based only on whether the
number of the distributed resocurce blocks 1is an even
number or an odd number.

For example, when the number of distributed
resource blocks 1is 4 as shown 1in FIG. Z2Z5A, resource
blocks with physical location numbers 0, 4, 8, and 12
are used as the distributed resource blocks and numbers
0 through 3 are assigned to the distributed resource
blocks according to the serial number assignment scheme
shown in FIG. Z4A, and other rescurce blocks are used as
localized resource blocks.

As ancther example, when the number of

distributed resource blocks is 5 as shown in FIG. 25B,
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resource blocks with physical location numbers 0, 4, 7,
12, and 15 are used as the distributed resource blocks
and numbers 0 through 4 are assigned to the distributed
resource blocks according to the serial number
assignment scheme shown 1in FIG. Z24B, and other resocurce
blocks are used as localized rescurce blocks.

Next, an exemplary method of reporting
allocation information to mobile stations is described.

Allocating distributed resource blocks with
consecutive serial numbers, instead of those with
separate serial numbers, to a mobiles station makes 1t
possible %o rerduce the number of contreol bits used to
encode and send allocation information to the mobile
station. This approcach may also be applied to a case
where allocation information for multiple mobile
stations i1s encoded and sent collectively.

Characteristics of all distributed resource
blocks are essentially the same. The above method makes
it possible tu assign resource block numbers to
distributed resource blocks such that those numbers do
not depend on the characteristics of the distributed
resource blocks.

An exemplary method of encoding and sending
allocation information for each UE is described below.

FIG. 26 shows an example where the division
number of each distributed resource Dblock 1is not
predetermined. In this case, &allocation information
including the division number of each distributed
resource klock is sent to the mobile station.

The base station sends allocation information
that includes the ID (Assigned UE-ID) of a mobile
station to which resource plocks are allocated,

information indicating whether localized transmission or
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distributed transmission 1is applied (Localized or
Distributed), the number of distributed resource blocks
(Number of Distributed RBs) i1f distributed transmission
is to Dbe applied, and resource Dblock allocation
information (Assigned information for each RB). The base
station sends control bits representing the allocation
information separately to each of the mobile stations to
which distributed resource blocks are allocated.

The UE-ID 1is, for example, represented by 12
bits. In the field for the winformation indicating
whether localized transmissicn or distributed
transmissicon 1is applied, “0” is specified for localized
transmissicn and “1” is specified for distributed
transmission. Based on the number of distributed
resource blocks, the mobile station can determine which
localized resource blocks are converted into distributed
resource Dblocks and the division number of each
distributed resource block. The “Assigned information
for each RB” field stores information indicating
distributed resource blocks and information indicating
locations of allocated distributed resocurce blocks.

Using tree based allocation information (see,
for example, 3GPP, R1-061308, NEC “Resource Allocation
Signaling for E-UTRA”, May 2006) described below makes
it possible to reduce the amount of resource block
allocation information that indicates allocated
distributed rescurce blocks by a range of consecutive
serial numbers assigned to the distributed resource
blocks. For example, when the number of resource blocks
is 16, the required number of bits 1s log;(l6x17/2)=7.

Another exemplary method of encoding and
sending allocation information for each UE is described

below.
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FIG. 27 shows an example where the division
number of each distributed resource block 1s not
predetermined. TIn this «case, allocation information
including the division number of each distributed
resource block is sent to the mobile station.

The base station sends allocation information
that 1ncludes the ID (Assigned UE-ID) of a mobile
station to which resource blocks are allocated,
information indicating whether localized transmission or
distributed transmission 1is applied (Localized or
Distributed), a division type of distributed resource
blocks (LCistributed RB division type) 1if distributed
transmissicn 1s to be applied, i.e., information
indicating whether the number of distributed resource
blocks 1s an odd number or an even number, and resource
block allocation information (Assigned information for
each RB) . The base station sends control bits
representing the allocation information separately to
each of the mobile stations to which distributed
resource blocks are allocated.

The UE-ID is, for example, represented by 12
bits. In the field for the information indicating
whether localized transmission or distributed
transmission 1is applied, for example, “0” 1is specified
for 1localized transmission and *1” 1s specified for
distributed transmission. In the “Distributed RB
division type” field, for example, “0” is specified when
the number of distributed resocurce blocks 1is an even
number and “1” 1s specified when the number of
distributed resource blocks 1s an odd number. With the
division type, the mobile station can determine the
dividing pattern of distributed resource blocks and

serial numbers of the distributed resource blocks.
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The “Assigned information for each RB” field
stores information indicating distributed resource
blocks and information indicating locations of allocated
distributed resource blocks.

As described above, using the tree based
allocation information described below makes it possible
to reduce the amount of resource block allocation
information that indicates allocated distributed
resource blocks by a range of consecutive serial numbers
assigned to the distributed resource blocks. For example,
when the number of resource blocks 1is 16, the required
number of kits is logy(16x17/2)=7.

Another exemplary method of encoding and

sending allocation information for each UE is described

below.

FIG. 28 shows an examplz where the division
number of each distributed rescurce block is
predetermined.

In this case, the same predetermined division
number may be applied to all distributed resource blocks
as shown in FIG. 24A or two or more division numbers may
be applied to the distributed resource blocks as shown
in FIG. 24B.

The base station sends allocation information
that 1includes the ID (Assigned UE-ID) of a mobile
station to which resource blocks are allocated,
information i1ndicating whether localized transmission or
distributed transmission 1is applied (Localized or
Distributed), and resource block allocation information
(Assigned 1information for each RB). The base station
sends rsontrol pits representing the allocation
information separately to each of the mobile stations to

which distributed resource blocks are allocated.
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The UE-ID is, for example, represented by 12

bits. In the field for the information indicating
whether localized transmissi.n or distributed
transmissicn is applied, for example, “0” 1s specified

for localized transmission and *1” is specified for
distributed transmission. In this example, the division
number of each distributed resource block is
predetermined, and the resource block allocation
informaticr: 1s represented by tree Dbased allocation
informaticn obtained Dbased on the serial numbers
assigned to distributed resource blocks as described
with reference to FIG. 23B. The mobile station can
determine the locations of allocated resource blocks
based only on the tree based allocation information.

For example, as shown in FIG. 29, when the
number of resource blocks 1s 6 and distributed resource
blocks with consecutive serial numbers 2, 3, and 4 are
allocated to a mobile station, the mobile station can
determine the locations of the allocated distributed
resource blocks based only on the serial numbers 2, 3,
and 4.

Next, an exemplary method of reporting
allocatinn information using the tree based allocation
information is described.

In the example shown in FIG. 30, it is assumed
that the number of resource block: 1is 6 and distributed
resource blocks with consecutive serial numbers 0, 1,
and 2 are allocated to a mobile station.

In a method using the tree based allocation
informaticon, a tree chart as shown in FIG. 31 is used.
The base station reports the number (in this example,
“12”) at an intersection of lines one extending from

each of the first and last serial numbers of allocated
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resource blocks.

The number of figures necessary to form a tree
chart depends on the number of resource blocks (in this
example, the number of distributed resource blocks).
Specifically, the number of figures necessary to form a
tree chart for N resource blocks can be represented by a
formula Nx (N+1)/2.

Therefore, the number of bits necessary to
express resource block allocation information using the
tree based allocation information is logy (Nx (N+1)/2).

Thus, using the tree based allocation
informaticn makes 1t possible to reduce the amount of
resource block allocation information that indicates
allocated distributed resource blocks by a range of
consecutive serial numbers assigned to the distributed
resource bloucks.

The present internaticnal application claims
priority from Japanese Patent Application No. 2006-03174Z
filed on February 8, 2006, Japanese Patent Application No.
2006-077820 filed on March 20, 2006, and Japanese Patent
Application No. 2006-16%9449 filed on June 19, 2006, the
entire contents of which are herepy incorporated herein

by reference.

INDUSTRIAL APPLICABILITY

A transmission device and a transmission
method according to embodiments of the present invention

may be applied to a wireless communication system.
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CLAIMS

1. A transmission device comprising:

a fTrequency scheduling unit adapted for a
system where a system bandwidth is divided iInto a
plurality of frequency blocks each comprising a
plurality of consecutive frequency subcarriers and each
of the frequency blocks i1s divided into multiple sub-
blocks In a time domain, the frequency scheduling unit
being configured to assign a downlink channel to a sub-
block; and

a mapping unit configured to map data of the
downlink channel to the sub-block assigned by the
frequency scheduling unit,

wherein the frequency scheduling unit assigns
the downlink channel of one user to multiple sub-blocks
that are distributed across at least two of the
frequency blocks and consecutive In the time domain.

2. A transmission device comprising:

a frequency scheduling unit adapted for a
system where a system bandwidth 1is divided iInto a
plurality of frequency blocks each comprising a
plurality of consecutive frequency subcarriers and each
of the frequency blocks is divided into multiple sub-
blocks In a time domain, the frequency scheduling unit
being configured to assign a downlink channel to a sub-
block; and

a mapping unit configured to map data of the
downlink channel to the sub-block assigned by the
frequency scheduling unit,

wherein the frequency scheduling unit 1is
adapted for the system where distributed type
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transmission for assigning the downlink channel of one
user to multiple sub-blocks that are distributed across
at least two of the frequency blocks and consecutive iIn
the time domain and localized type transmission for
assigning the downlink channel to a localized frequency
block are defined, the frequency scheduling unit using
either one of the distributed type transmission and the
localized type transmission.

3. The transmission device according to claim
1 or 2, wherein the frequency scheduling unit assigns
the downlink channel to the multiple sub-blocks across
at least two of the frequency blocks that are apart
from each other according to the number of the
frequency blocks in the system bandwidth.

4. The transmission device according to claim
1, further comprising:

a control information generating unit
configured to generate control iInformation regarding
the sub-blocks assigned by the frequency scheduling
unit to the downlink channel; and

a transmitting unit configured to transmit
control information at a head part of the plurality of
the frequency blocks.

5. The transmission device according to claim
2, further comprising:

a control information generating unit
configured to generate control information regarding
the sub-blocks assigned by the frequency scheduling
unit to the downlink channel; and

a transmitting unit configured to transmit
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control information at a head part of the plurality of
the frequency blocks.

6. The transmission device according to claim
2, further comprising:

an allocation ratio determining unit
configured to determine an allocation ratio of the
frequency blocks for the localized type transmission to
the frequency Dblocks for the distributed type
transmission based on conditions of each mobile
station,

wherein the frequency scheduling unit changes
the allocation ratio of the frequency blocks for the
localized type transmission to the frequency blocks for
the distributed type transmission at predetermined
intervals based on the determined allocation ratio.

7. The transmission device according to claim
5, wherein the control information generating unit
generates control information including the number of
identification codes 1indicating Jlocations of the
frequency blocks and the sub-blocks, information
indicating all mobile stations to which either the
frequency blocks or the sub-blocks are to be assigned,
and information indicating the mobile station
corresponding to each identification code.

8. The transmission device according to claim
5, wherein the control iInformation generating unit
generates control information including the number of
identification codes 1indicating Jlocations of the
frequency blocks and the sub-blocks, information
indicating a mobile station to which either the
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frequency blocks or the sub-blocks are to be assigned,
and information indicating the mobile station
corresponding to each identification code.

9. The transmission device according to claim
5, wherein

the frequency blocks for the localized type
transmission and the frequency Dblocks for the
distributed type transmission are assigned codes
indicating their locations;

the frequency blocks for the distributed type
transmission are positioned apart from each other by
the frequency blocks, the number of which are
predetermined, based on a division number; and

the control information generating unit
assigns information indicating the corresponding
locations as 1dentification information to  the
frequency blocks for the Ilocalized type transmission
and assigns i1nformation 1indicating the corresponding
locations to the frequency blocks for the distributed
type transmission based on the codes indicating the
locations and the division number.

10. The transmission device according to
claim 9, wherein the control information generating
unit generates control information including
identification information indicating all mobile
stations, information indicating the frequency blocks
or the sub-blocks, which are assigned according to the
identification information indicating all mobile
stations, and information indicating the mobile station
corresponding to identification codes indicating the
locations of the frequency blocks and the sub-blocks.
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11. The transmission device according to
claim 9, wherein the control information generating
unit generates control information including
identification information indicating a mobile station,
information indicating the frequency blocks or the sub-
blocks, which are assigned according to the
identification information indicating the mobile
station, and information indicating the mobile station
corresponding to identification codes indicating the
locations of the frequency blocks and the sub-blocks.

12. The transmission device according to
claim 5, wherein

the frequency blocks for the localized type
transmission and the frequency Dblocks for the
distributed type transmission are assigned codes
indicating their locations;

identification codes of the sub-blocks are
predetermined according to the number of the frequency
blocks for the distributed type transmission; and

the control information generating unit
generates control information including identification
information indicating a mobile station, iInformation
indicating the frequency blocks or the sub-blocks,
which are assigned according to the 1identification
information indicating the mobile station, the number
of the frequency blocks for the distributed type
transmission, and 1identification codes of the sub-
blocks assigned to the mobile station.

13. The transmission device according to
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claim 12, wherein

the 1i1dentification codes of the sub-blocks
are predetermined differently depending on whether the
number of the frequency blocks for the distributed type
transmission is odd or even; and

the control information generating unit
generates control information including identification
information indicating a mobile station, iInformation
indicating the frequency blocks or the sub-blocks,
which are assigned according to the identification
information indicating the mobile station, information
indicating whether the number of the frequency blocks
for the distributed type transmission iIs odd or even,
and the i1dentification codes of the sub-blocks assigned
to the mobile station.

14. The transmission device according to
claim 5, wherein the control information generating
unit generates control information including
information 1indicating whether the Jlocalized type
transmission or the distributed type transmission is to
be performed and allocation information.

15. The transmission device according to any
one of claims 12 through 14, wherein the control
information generating unit generates a value obtained
by applying Tree based Resource Allocation when the
sub-blocks of the consecutive identification codes are
assigned to the mobile station.

16. A transmission method in a system where a
system bandwidth 1i1s divided into a plurality of
frequency blocks each comprising a plurality of



10

15

20

25

30

—45-

consecutive frequency subcarriers and each of the
frequency blocks is divided into multiple sub-blocks iIn
a time domain, comprising the steps of:

assigning a downlink channel to a sub-block;
and

mapping data of the downlink channel to the
assigned sub-block,

wherein iIn the assigning step, the downlink
channel of one user iIs assigned to multiple sub-blocks
that are distributed across at least two of the
frequency blocks and consecutive In the time domain.

17. A transmission method in a system where a
system bandwidth 1i1s divided into a plurality of
frequency blocks each comprising a plurality of
consecutive frequency subcarriers and each of the
frequency blocks is divided into multiple sub-blocks 1In
a time domain, comprising the steps of:

assigning a downlink channel to a sub-block;
and

mapping data of the downlink channel to the
assigned sub-block,

wherein in the assigning step, either
distributed type transmission or localized type
transmission iIs used, wherein distributed type
transmission for assigning the downlink channel of one
user to multiple sub-blocks that are distributed across
at least two of the frequency blocks and consecutive iIn
the time domain and localized type transmission for
assigning the downlink channel to a localized frequency
block are defined.

18. The transmission method according to



10

15

20

25

-46-

claim 16 or 17, wherein 1in the assigning step, the
downlink channel is assigned to the multiple sub-blocks
across at least two of the frequency blocks that are
apart from each other according to the number of the
frequency blocks iIn the system bandwidth.

19. The transmission method according to
claim 16, further comprising the steps of:

generating control information regarding the
sub-blocks assigned to the downlink channel in the
assigning step; and

transmitting control information at a head
part of the plurality of the frequency blocks.

20. The transmission method according to
claim 17, further comprising the steps of:

generating control information regarding the
sub-blocks assigned to the downlink channel 1in the
assigning step; and

transmitting control information at a head
part of the plurality of the frequency blocks.

21. The transmission method according to
claim 20, wherein control information generated in the
generating step includes information indicating whether
the localized type transmission or the distributed type
transmission is to be performed and allocation
information.
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ABSTRACT
TRANSMISSION DEVICE AND TRANSMISSION METHOD

& disclosed transmissi.. dev: :e includes a
frequency scheduling unit configured to allocate, to
each user, cither frequency blocks that are consecutive
frequency subcarrier blocks obtained by dividing a
system bandwidth or distributed frequency blocks that
are frequency subcarrier blocks discretely distributed
in the system bandwidth; and a mapping unit configured
to assign transmission data to tlL frequency blocks or
the distributed frequency blocks according to the
allocation result. The frequency scheduling unit is
configured tc allocate the distributed frequency blocks
using the frequency blocks as unit:: ind "o allocate suv-
blocks obtained by dividing the respective distributed

frequency blocks.

FiG. 1A and 1B
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