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DESCRIPTION

RADIO COMMUNICATIONS APPARATUS AND RADIO COMMUNICATIONS
METHOD

TECHNICAL FIELD
The present invention relates to a radio communications

field of technology, specifically to a radio communications
apparatus and a radio communications method that are capable
of controlling an Automatic Repeat Request.

BACKGROUND ART
In the third generation mobile communications method

represented by IMT-2000 (International Mobile
Telecommunictaions-2000), a high speed and large capacity
downlink 1s required. For example, an information
transmission rate of 2 Mbps has been realized using a
frequency bandwidth of 5MHz. Inone of the IMT-2000 systems,
single carrier W-CDMA (Wideband-CDMA) has been employed. In
addition, a method called High Speed Downlink Packet Access
(HSDPA) may be used. The HSDPA enables a high transmission
rate and a high quality transmission by employing an Adaptive
Modulation and channel Coding (AMC) method, an Automatic
Repeat Request (ARQ) method in an MAC layer, or the like.
The AMC is described, for example, in Non-patent Publication
1. The ARQ 1is described, for example, in Non-patent
Publication 2. A technology i1n which a frequency band is
divided into plural bands (frequency blocks) and a modulation
method is determined for every frequency block is described
in Non-patent Publication 3.
Non-patent Publication 1: T. Ue, S. Aampei, N. Morinaga and
K. Hamaguchi, “Symbol Rate and Modulation
Levelel-Controlled Adaptive Modulation/TDMA/TDD
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System for High-Bit-Rate Wireless Data
Transmission”, IEEE Trans. VT, pp. 1134-1147, vol. 47,
No. 4, Nov. 1998.

Non-patent Publication 2: S. Lin, Costello, Jr. and M.
Miller, ”Automatic-Repeat-Request Error Control
Schemes ”, IEEE Communication Magazine, vol. 12, No.
12, pp- 5-17, Dec. 1984.

Non-patent Publication 3: P. Chow, J. Cioffi, J. Bingham,

“A  Practical Discrete Multitone Transceiver
Loading Algorithm for Data Transmission over

Spectrally Shaped Channel” ,1EEE Trans. Commun. vol.
43, No. 2/3/4, February/March/April 1995.

SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
Since further improvements of speed and capacity in

radio transmission are desired in this type of technological
field, use of a frequency band wider than the frequency band
used iIn a current system i1s required. However, as the
frequency band used in radio transmission becomes wider,
frequency selective fading caused by multi-path fading
becomes more influential. FIG. 1 shows schematically a
reception level of a signal under the influence of frequency
selective fading. As shown in FIG. 1(A), when the frequency
band used in radio transmission is relatively narrow, the
reception level in the band can be assumed as constant.
However, as shown in FIG. 1(B), as the frequency band becomes
wider, the reception level in accordance with the frequency
becomes significant and therefore it is not reasonable to
assume the reception level constant. Since “wide” and
“narrow” about a bandwidth are relative terms, iIn this
invention, it is assumed here that a bandwidth of 5 MHz used
in the current system belongs to a narrow bandwidth category,
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while a bandwidth of 100 MHz, which is expected to be in use
in the next generation system, belongs to a wide bandwidth
category. Since a modulation method and a coding rate are
determined in accordance with a received quality (e.g., SIR:
signal-to-interference power ratio) in the aforementioned
Adaptive Modulation and Coding (AMC), a large change in the
reception level, which serves as a basis for reception
quality evaluation, makes it difficult to determine an
appropriate modulation method or the like. 1In order to
address this difficulty, an entire frequency band is divided
into plural frequency bands (frequency blocks) and a
modulation method 1is individually determined for each
frequency block, according to an invention described in
Non-patent Publication 3 as shown in FIG. 2. Specifically,
the frequency band is divided into four frequency blocks for
which the modulation methods of QPSK, 16QAM, 64QAM, or the
like are determined in FIG. 2.

However, packet transmission in which all the data
including voice data are transmitted in the form of packets
is considered suitable in the future radio communications
system. In such packet transmission, the Automatic Repeat
Request (ARQ) is suitable as a method to compensate for an
error taking place in radio transmission. Inaddition, error
correction coding, in which redundant bits are transmitted
and these bits are used In a receiver In order to compensate
for an error, iIs a necessary technology as a method to
compensate for an error taking place In radio transmission.
Here, when error correction coding is applied to the entire
band, a frequency diversity effect is obtained, thereby
improving communication quality. On the other hand, the ARQ
and the Adaptive Modulation and channel Coding (AMC) provide
better communication quality, when applied to frequency
blocks into which the frequency band is divided. Inaddition,
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dividing the frequency band into the frequency blocks has
a disadvantage in that each frequency block requires a
corresponding control signal. Therefore, further
improvement in radio transmission efficiency and frequency
band utilization has been and is desired in the future radio
communications system.

The general objective of the present invention is to
provide a radio communications apparatus and a radio
communications method which may improve frequency
utilization efficiency In radio transmission.

A specific objective of the present invention is to
provide a radio communications apparatus and a radio
communications method in which AMC, ARQ, and channel coding
are applied selectively to the frequency blocks or other
units, taking account of a trade-off relationship between
the improved communication quality described above and an
increase of the control signals, thereby avoiding an undue
increase of the control signals and improving frequency
utilization efficiency.

MEANS FOR SOLVING THE PROBLEM

The present invention employs a radio communications
apparatus that controls the automatic repeat request at least
and performs radio transmission using a frame that occupies
predetermined plural frequency bands. This apparatus has a
reception portion that receives feedback information about
each of the plural frequency bands from a communications
party, a determination portion that determines which
frequency band among the plural frequency bands is to be used
to retransmit a retransmission packet indicated by the
feedback i1nformation, and a transmission portion that
transmits the retransmission packet using one or more
determined frequency bands.
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ADVANTAGE OF THE INVENTION

According to the present invention, Tfrequency
utilization efficiency in radio transmissions can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a signal
reception level under the influence of frequency selective
fading;

FIG. 2 shows various modulation methods applied to
corresponding frequency blocks;

FIG. 3 is a partial block diagram of a transmitter
according to one example of the present invention;

FIG. 4 1s a table exemplifying modulation methods
determined for corresponding frequency blocks;

FIG. 5 is a partial block diagram of a transmitter
according to another example of the present invention;

FIG. 6 is a flowchart for generating a control signal
that determines a correspondence relationship between a
retransmission packet and a frequency block;

FIG. 7 1s a flowchart illustrating a part of process
steps performed in an MCS (Modulation and Coding Scheme)
determination portion;

FIG. 8 is a partial block diagram of a transmitter
according to another example of the present invention;

FIG. 9 is an explanatory view about operations of
Example 3;

FIG. 10 is a partial block diagram of a transmitter
according to another example of the present invention; and

FIG. 11 is a table for comparing examples in view of
a processing unit.
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LIST OF REFERENCE SYMBOLS

302: packet generation portion

304: channel coding portion

306: serial to parallel conversion portion
308-1 to 308-N: data modulation portion
310: control portion

312: retransmission control portion

314: MCS determination portion

502: packet generation portion

504: channel coding portion

506: serial to parallel conversion portion
507-1 to 507-N: switch

508-1 to 508-N: data modulation portion
510: control portion

512: retransmission control portion

514: MCS determination portion

802-1 to 802-N: switch

1002-1 to 1002-N: packet generation portion
1004-1 to 1004-N: channel coding portion
1008-1 to 1008-N: data modulation portion
1010: block allocation portion

1012: control portion

BEST MODE FOR CARRYING OUT THE INVENTION
According to an aspect of the present invention, in

a radio communications apparatus that performs radio
communications using a frame that occupies predetermined
plural frequency bands (frequency blocks), it is determined
in accordance with feedback information on each of the
frequency blocks which frequency block among the plural
frequency blocks is used to retransmit a transmission packet
indicated by the feedback information, and the transmission
packet is transmitted by one or more determined frequency
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blocks. Therefore, a wide band frequency resource can be
efficiently used.

According to another aspect of the present invention,
the feedback information includes quality information
indicating a reception signal quality in the communications
party and packet identification information to identify the
retransmission packet.

According to another aspect of the present invention,
the frequency band to be used to transmit the retransmission
packet 1is determined iIn accordance with the quality
information indicating the reception signal quality in the
communications party.

According to another aspect of the present invention,
a modulation method and a coding rate to be used in
transmitting a packet are determined for each of the plural
frequency bands. Since the AMC control and the ARQ control
are performed on every frequency block, the frequency
utilization efficiency can be further improved.

According to another aspect of the present invention,
the retransmission packet is transmitted by one or more of
the plural frequency bands and a new packet is transmitted
by one or more of the plural frequency bands. By reducing
the frequency blocks which are not used in one frame, the
frequency utilization efficiency can be increased.

According to another aspect of the present invention,
error correction coding is performed for every frame. By
performing such coding throughout the frequency band, the
frequency diversity effect can be enhanced and the error
correction capability can be improved.

According to another aspect of the present invention,
the error correction coding is performed on packets excluding
the retransmission packets in a frame.

In the following, various examples of a transmitter
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according to the present invention will be illustrated. In
the 1llustrated examples, processes related to AMC, error
correction coding (e.g. FEC (Forward Error Correction)), and
ARQ are performed; and one or more of the AMC-related, the
FEC-related, and the ARQ-related processes are performed on
each of the plural frequency blocks. An entire frequency
band (band occupied by a system) used in radio communications
includes plural frequency blocks, which are distinguished
when necessary. Generally, the AMC-related process is
performed on every frequency block in Example 1, whereas the
ARQ-related process is performed on every frequency block
in Examples 2 and 3. In Examples 4 and 5, the AMC-related
and the ARQ-related processes are performed on every
frequency block. In Example 6, the AMC-related, the
FEC-related and the ARQ-related processes are performed on
every frequency block. From the viewpoint of a unit
subjected to the processes, a comparison of the Examples is
available in FIG. 11.
<Example 1>

FIG. 3 shows a partial block diagram of a transmission
apparatus according to one example of the present invention.
In FIG. 3, a packet generation portion 302, a channel coding
portion 304, a serial to parallel conversion portion 306,
data modulation portions 308-1 to 308-N, the number of which
corresponds to the number (N) of frequency blocks, and a
control portion 310 are illustrated. The control portion 310
has a retransmission portion 312 and an MCS determination
portion 314.

The packet generation portion 302 generates in
accordance with a control signal from the control portion
310 a retransmission packet or a new packet from data
sequences input to the packet generation portion 302. The
retransmission packet has been transmitted beforehand from
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a transmitter and has a packet number assigned by a receiver.
The new packet has not yet been transmitted from the
transmitter. Since the number of transmission bits (i.e.,
the bit number corresponding to one packet) depends on a
modulation method, the control signal includes information
on the modulation method.

The channel coding portion 304 encodes a packet to be
transmitted in accordance with the control signal
(information indicating a coding rate included in the control
signal) from the control portion 310. The channel coding
portion 304 performs an error correction coding (e.g. FEC)
on every frame (throughout an entire frequency band).

The serial to parallel conversion portion 306 converts
a serial signal sequence input to the portion to parallel
signal sequences, the number (N) of which corresponds to the
number of the frequency blocks, and outputs the parallel
signal sequences.

The N data modulation portions 308-1 to 308-N modulate
corresponding Tfrequency blocks of the signal to be
transmitted in accordance with the control signal from the
control portion 310. The control signal includes
information distinguishing modulation methods. Any
appropriate modulation method, such as QPSK, 16QAM, 64QAM,
or the like may be employed.

The control portion 310 outputs the control signal so
as to control operations of each element in the transmitter.
The retransmission portion 312 determines whether
retransmission to the communications party is required in
accordance with feedback information. The feedback
information includes a reception signal quality (received
SIR) for every frequency block in the communications party,
necessity of retransmission, identification information
(for example, packet number), error correction information,
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or the like. 1t may be determined by information indicating
ACK or NACK whether the retransmission is required. The MCS
determination potion 314 determines in accordance with the
received SIR a modulation method for every frequency block
when a retransmission or new packet is transmitted. One
coding rate i1s determined for every frame (throughout the
entire frequency band). A frequency band used for one entire
frame is divided into plural frequency blocks.

An appropriate modulation method may be performed, for
example, by referring to a predetermined correspondence
relationship, which may be composed of the following.

if SIR < S1, then Mod (1) is employed;

if Si =< SIR < S2, then Mod (2) is employed;

ifT S2 =< SIR < S3, then Mod (3) i1s employed;

if SS-1 =< SIR, then Mod (S) is employed;
where SIR represents a reception signal quality (received
SIR) measured 1iIn the communications party; S1,...,SS
represent a predetermined signal quality (S1<...<SS); and
Mod (1), ... Mod(S) represent a modulation method such as BPSK,
QPSK, 16QAS, and 64QAM. FIG. 4 shows one example of the
modulation methods determined in such a manner.

The transmitter of FIG. 3 receives the Tfeedback
information from the communications party and determines the
necessity of retransmission, the modulation method, or the
like. The transmitter determines the necessity of
retransmission in accordance with the signal indicating ACK
or NACK for every packet. Retransmission is performed when
notified of NACK by the communications party, whereas the
control portion 319 operates so that a new packet 1is
transmitted when notified of ACK. Here, it is determined
whether a frame as whole 1is retransmitted (namely,
retransmission unit is not the frequency block). The

10
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transmitter determines an appropriate modulation method for
every frequency block in accordance with the received SIR
and determines one coding rate for the entire frequency band.

In accordance with the determined and distinguished contents,
a packet to be transmitted is prepared and the packet is coded,

made into parallel signals according to each of the plural

frequency blocks. Every frequency block is independently
modulated and radio-transmitted from transmitting elements.

The radio transmission is performed based on a multi-carrier
method such as an orthogonal frequency divisional

multiplexing (OFDM). By the way, when the packet 1is

retransmitted, radio parameters (a modulation method, a
coding rate, or the like) may be the same as the radio

parameters used In the previous transmission, or different
parameters re-established in the control portion 310. In

addition, the coding rate may be changed for every frequency
block.

According to this example, the AMC-related processing
is performed on every frequency block. By dividing the
frequency band into plural blocks, fluctuations in the
received SIR can be reduced, thereby enabling the appropriate
radio parameters to be established. Since the AMC is
performed on every frequency block, the control signal
indicating the modulation method 1is needed for every
frequency block, which may lead to an increased number of
the control signals. However, since there are only some ten
types of modulation methods (since the modulation methods
can be distinguished by 2 to 3 bits), the increased quantity
of control information is not very large. Inaddition, since
the error correction coding (e.g. FEC) is performed on the
entire frequency band of the frame, a frequency diversity
effect i1s large and error correction capability is kept
higher.

11
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<Example 2>

FIG. 5 shows a partial block diagram of a transmission
apparatus according to another example of the present
invention. In FIG. 5, a packet generation portion 502, a
channel coding portion 504, a serial to parallel conversion
portion 506, switches 507-1 to 507-N, the number of which
corresponds to the number of the frequency blocks, data
modulation portions 508-1 to 508-N, the number of which
corresponds to the number of the frequency blocks, and a
control portion 510 are illustrated. The control portion 510
has a retransmission portion 512 and an MCS determination
portion 514. Repetitive explanations of elements that have
already been described are omitted.

The packet generation portion 502 generates in
accordance with a control signal from the control portion
510 a retransmission packet or a new packet from data
sequences input to the packet generation portion 502.

The channel coding portion 504 encodes a packet to be
transmitted in accordance with information included in the
control signal from the control portion 510. The channel
coding portion 504 performs the error correction coding (e.g.
FEC) throughout an entire frequency band.

The serial to parallel conversion portion 506 converts
a serial signal sequence input to the portion to parallel
signal sequences, the number (N) of which corresponds to the
number of the frequency blocks, and outputs the parallel
signal sequences.

The switches 507-1 to 507-N connect the corresponding
signal input thereto to the data modulation portion disposed
in a subsequent stage iIn accordance with the control signal
from the control portion 501.

The N data modulation portions 508-1 to 508-N modulate
the signals to be transmitted iIn accordance with the control

12
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signals from the control portion 510. Any appropriate
modulation method such as QPSK, 16QAM, 64QAM may be employed.
However, the N data modulation portions 508-1 to 508-N
modulate the signals in the same modulation method in this
example (AMC is performed as a unit of frame).

The control portion 510 outputs the control signal to
control operations of each element iIn the transmitter. The
retransmission control portion 512 determines whether
retransmission to a communications party is required in
accordance with feedback i1nformation. The fTeedback
information includes a reception signal quality (received
SIR) for every frequency block in the communications party,
necessity of retransmission, identification information
(for example, packet number), error correction information,
or the like. 1t may be determined by information indicating
ACK or NACK whether retransmission is required. The MCS
determination potion 514 determines a modulation method for
every frequency block in accordance with the received SIR
when a retransmission or new packet is transmitted. An
appropriate modulation method and a coding rate may be
determined by referring to a predetermined correspondence
relationship. One coding rate is determined for every frame
(throughout the entire frequency band) iIn this example. A
frequency band used for one entire frame is divided iInto
plural frequency blocks.

The transmitter receives the feedback information from
the communications party and determines the necessity of
retransmission, the modulation method, or the like. The
transmitter determines the necessity of retransmission for
every packet in accordance with the signal indicating ACK
or NACK. Retransmission is performed when notified of NACK
by the communications party, whereas the control portion 319
operates so that a new packet is transmitted when notified

13
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of ACK. The transmitter determines one appropriate
modulation method and coding rate for the entire frequency
band i1n accordance with the received SIR. In accordance with
the determined and distinguished contents, a packet to be
transmitted is prepared and the packet is coded, made into
parallel signals so as to correspond to each of the plural
frequency blocks, modulated by the data modulation portions
corresponding to the frequency blocks to be used for
retransmission of the packet, and radio-transmitted from
transmitting elements. Here, the switches for the frequency
blocks to be used for retransmitting the packet to be
transmitted are closed while the other switches are open.
The radio transmission is performed based on a multi-carrier
method such as the orthogonal frequency divisional
multiplexing (OFDM). By the way, radio parameters
(modulation method, coding rate, or the like) used when the
packet 1is retransmitted may be the same as the radio
parameters used In the previous transmission, or different
parameters re-established in the control portion 510. In
addition, the frequency blocks used when retransmitting the
packet may be the same as the frequency block used previously,
or different.

FIG. 6 shows part of process that generates a control
signal determining a correspondence relationship between a
packet to be transmitted and a frequency block, among the
entire process performed in the retransmission control
portion 512. The flow begins with step 602, in which it 1s
assumed that a frequency block required to retransmit has
already been distinguished from plural frequency blocks in
accordance with the feedback information. For example,
regarding three packets transmitted by frequency blocks B3,
B4, and B5 among packets that have been transmitted by five
frequency blocks Bl, B2, B3, B4, and B5, the NACK signals

14
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are reported and these three packets are to be retransmitted.
The total number of the retransmission packets is represented
by K (1 =< K =< the number of the frequency blocks N).
Therefore, K=3, N=5 in this example. Retransmission 1is
performed when K is more than or equal to 1, whereas a new
packet is transmitted when K=0.

In step 604, a parameter k for distinguishing a packet
to be retransmitted is set (k=1). The parameter k is an
integer which is more than or equal to 1 and less than or
equal to k. In this example, the packet of k=1 has been
transmitted by the frequency block B3, whereas the packets
of k=2 and k=3 have been transmitted by the frequency blocks
B4 and B5, respectively.

In step 606, a frequency block to be used for
retransmission of the packet is determined. The most
convenient determining method is to choose the same frequency
block used previously to transmit the packet. Namely, the
packet of k=1 is to be retransmitted by the frequency block
B3. Another determining method may be to choose a frequency
block that shows the best reception quality. For example,
if the second frequency block, B2, has the best reception
quality among the five frequency blocks, for example, the
packet (k=1) that has been previously transmitted by the
frequency block B3 is to be retransmitted by the frequency
block B2. This allows the retransmission packet to be
securely received by the communications party.

In step 608, the parameter k for distinguishing a packet
is Incremented and updated.

In step 610, it is determined whether the parameter
k reaches the upper limit K. When the parameter k does not
reach the upper limit K, the flow returns to the step 606
and the same processes are repeated for another packet that
has been transmitted by another frequency block. When the

15
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parameter k exceeds the upper limit, the flow proceeds to
step 612.

In step 612, a control signal is generated in order
that each packet is retransmitted by the determined frequency
block. This control signal determines the correspondence
relationship between the retransmission packet and the
frequency block and controls an open/close state of the
switches 507-1 to 507-N. In this example, the switches
corresponding to the frequency blocks to be used for packet
retransmission are closed and the other switches are open.
Then, the flow proceeds to step 614 and ends.

FIG. 7 is a flowchart illustrating part of processes
performed in the MCS determination portion 514. Similar to
FIG. 6, 1t i1s assumed that a frequency block required to
retransmit has already been distinguished from plural
frequency blocks in accordance with the feedback information
in step 702. For example, regarding three packets
transmitted by frequency blocks B3, B4, and B5 among packets
that have been transmitted by five frequency blocks B1, B2,
B3, B4, and B5, the NACK signals are reported and these three
packets are to be retransmitted.

In step 704, a parameter n for distinguishing plural
frequency blocks i1s set to an initial value (n=1). The
parameter n is an integer which is more than or equal to 1
and less than or equal to N. N is the total number of the
frequency blocks (N=5 iIn this example).

In step 706, 1t is determined whether a packet to be
transmitted by a frequency block distinguished by the
parameter n is a packet to be retransmitted. When the packet
is to be retransmitted the flow proceeds to step 710, whereas
iT the packet is not a retransmission packet the flow proceeds
to step 708.

In step 708, a modulation method and coding rate to

16
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be used in transmitting a new packet are determined. This
determination is made in accordance with a past reception
signal quality or the like.

In step 710, a modulation method and coding rate to
be used iIn transmitting a new packet are determined.
Regarding the retransmission packet, a radio parameter such
as a modulation method or the like may be determined, similar
to the new packet. Or, the radio parameter for
retransmission may be the radio parameter that has been used
previously, In view of the convenient determination of the
radio parameter. In addition, the radio parameter may be
determined from a different view point. For example, when
a total of 100 bits including information A expressed by 50
bits and redundant information B expressed by 50 bits has
been transmitted, only redundant information, which may be
the same as the redundant information B or another, is
retransmitted. In this case, although the original coding
rate iIn the receiver is 1/2, when the retransmitted
information is considered, the coding rate becomes 1/3, which
enhances the error correction capability of the received
information.

In step 712, the parameter n fTor distinguishing
frequency blocks is iIncremented and updated.

In step 714, it is determined whether the parameter
n reaches an upper limit value N. When the parameter n does
not reach the upper limit value, the flow returns to the step
706 and the same processes are repeated for another frequency
block. When the parameter n exceeds the upper limit value
N, the flow proceeds to step 716 and ends.

According to this example, the automatic repeat request
(ARQ) is performed as a unit of frequency block and a packet
is retransmitted as a unit of frequency block. This makes
it possible to choose a packet related to a frequency area

17
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whose characteristics become poor as a retransmission packet,
thereby improving retransmission efficiency.
<Example 3>

FIG. 8 is a partial block diagram of a transmitter
according to another example of the present invention. FIG.
8 1llustrates N groups of processing elements including the
channel coding portion, the serial to parallel
transformation portion, and the N data modulation portions,
which are the same as shown in FIG. 5. Inaddition, N switches
802-1 to 802-N controlled by the control portion 510 are
illustrated in FIG. 8. Each element is the same as the
element that has already been described in reference to FIG.
5, and therefore repetitive explanations are omitted.

As stated above, the control signal given to the
switches 507-1 to 507-N of FIG. 5 of Example 2 control the
open/close state of the switches 507-1 to 507-N in accordance
with the correspondence relationship between the
retransmission packet and the frequency block. In Example
2, the switches for the frequency block to be used for the
retransmission packets are closed and the other switches are
open. In Example 3 in the following, the frequency blocks
that are not used for packet retransmission are used for
transmitting new packets.

FIG. 9 is an explanatory view for explaining operations
in this example. For simplicity of explanations, it is
assumed that packets are transmitted by five frequency blocks
B1, B2, B3, B4, and B5. The channel coding is performed on
every frame throughout the entire frequency band. Among the
five packets transmitted by the corresponding frequency
blocks 1n a fTirst frame, the NACK signals are reported for
the packets transmitted by the frequency blocks B2 and B3,
and these two packets are to be retransmitted. The
retransmission is to be performed in the N-th frame. In the

18
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technique in Example 2, the two frequency blocks among the
five frequency blocks in the N-th frame are used for
retransmission, and the three frequency blocks are not used.
In this example, these three frequency blocks are used for
transmitting new packets. For simplicity of explanations,
the retransmission packets are assumed to be transmitted by
the same frequency blocks that have been used previously in
the illustrated example. Therefore, the retransmission
packets are transmitted by the frequency blocks B2, B3 and
new packets are transmitted by the other frequency blocks
B1, B4, B5. The channel coding is performed entirely on the
new packets, namely, on the three frequency blocks, in the
illustrated example. Assuming that regarding the N-th frame
the NACK signal is reported for the packet transmitted by
the frequency block B5, the packet is retransmitted by the
frequency block B5 in a 2N-th frame and four new packets are
transmitted by the other frequency blocks. The channel
coding i1s performed entirely on the new packets, namely, on
the four frequency blocks in the 1llustrated example. The
switches 802-1 to 802-N are appropriately switched in order
to transmit the packets in such a frame configuration shown
by the frames #N, 2N.

Even in this example, the retransmission control
portion 512 in the control portion 510 can determine the
correspondence relationship between the retransmission
packet and the frequency block In accordance with the flow
described in reference to FIG. 6. In addition, In step 606
of FIG. 6, the packet is retransmitted by the frequency block
having the worst reception quality in this example, which
can preferentially allocate an excellent resource to the new
packets rather than the retransmission packet. Otherwise,
the transmission packet may be transmitted by a frequency
block having quality that is better than or equal to a

19
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difference between a necessary reception quality value that
enables error-free reception and the reception quality
(received SIR) reported from the communications party. For
example, when the reception level for error-free reception
is 10 dB and the received SIR for the packet to which the
NACK 1s reported is 6 dB, the frequency band that is reported
with a quality value of more than or equal to 4 dB is used
for retransmission. In such a manner, allocation of the
frequency block is made 1in accordance with the Ileast
necessary reception level, thereby improving retransmission
efficiency.
<Example 4>

Although the ARQ-related process is performed on every
frequency block in Example 2, the AMC-related process, in
addition to the ARQ-related process, iIs performed on every
frequency block in this example. An apparatus configuration
of a transmitter is generally the same as the configuration
shown in FIG. 5. In this example, the feedback information
input to the control portion 510 may include a received SIR
(reception signal quality in the communications party) for
every frequency block, necessity of retransmission of a
packet for every frequency block, a packet number for every
frequency block when retransmission is needed, or the like.
The channel coding is performed throughout the entire frame
(all frequency blocks). In this example, since a modulation
method 1is determined for every frequency block, the
modulation methods employed in the data modulation portions
508-1 to 508-N are not necessarily the same but determined
independently. According to this example, the modulation
method and retransmission unit are determined for every
frequency block, thereby enabling retransmission of the
retransmission packet by more appropriate radio parameters.

<Example 5>

20



10

15

20

25

30

Although the ARQ-related process is performed one every
frequency block in Example 3, the AMC-related process, in
addition to the ARQ-related process, is performed on every
frequency block. An apparatus configuration of a
transmitter is generally the same as the configuration shown
in FIG. 8. However, as i1s the case with Example 4, the
modulation methods employed in the data modulation portions
508-11 to 508-NN are not necessarily the same but
independently determined. According to this example, 1In
addition to determination of the modulation method and the
retransmission unit for every frequency block, a frame having
both the retransmission packets and the new packets is
generated and a coding unit is dynamically changed, thereby
realizing more efficient packet transmission.

<Example 6>

FIG. 10 is a partial block diagram of a transmitter
according to another example of the present invention. In
FIG. 10, packet generation portions 1002-1 to 1002-N, channel
coding portions 1004-1 to 1004-N, data modulation portions
1008-1 to 1008-N, the numbers of which corresponds to number
of the frequency blocks, a block allocation portion 1010,
and a control portion 1012 are illustrated. Repetitive
explanations of elements that are the same as the elements
that have already been described are omitted. As shown,
processes regarding all the AMC, FEC and ARQ are performed
on every frequency block. Therefore, the received SIR and
the retransmission request signal included in the feedback
information are obtained for every frequency block. Packets
to be transmitted are generated, coded, and modulated for
a unit of a frequency block. Each of the modulated packets
is transmitted by any one of plural frequency bands. The
correspondence relationship between the modulated packet and
the frequency band is adjusted under control of the control
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portion 1012 in the block allocation portion 1010. According
to this example, since processes regarding all the AMC, FEC,
and ARQ are performed, the transmission efficiency is
expected to be most enhanced.

FIG. 11 shows a diagram for comparing each method
described as Example 1 to 6. As is shown, in Example 1, the
AMC 1s performed on every frequency block, whereas the FEC
and the ARQ are performed on every frame. The entire
frequency band to be used in one frame is divided into plural
frequency blocks. In Example 2, the AMC and the FEC are
performed on every frame, whereas the ARQ is performed on
every frequency block. In Example 3, the AMC is performed
on every frame; the FEC is performed on an entire new packet
in a frame; and the ARQ i1s performed on every frequency block.
In Example 4, the AMC and the ARQ are performed on every
frequency block, whereas the FEC is performed on every frame.
In Example 5, the AMC is performed on every frequency block;
the FEC is performed on an entire new packet in a frame; and
the ARQ is performed on every frequency block.

While the preferable examples of the present invention
have been described above, the present invention is not
limited to those examples, but many alterations and
modifications will be possible within the scope of the
present invention. Although the present invention has been
described referring to several individual examples for
simplicity of explanations, these individual examples are
not essential to the present invention, but one or more
examples may be implemented in accordance with demands.

This international patent application is based on
Japanese Priority Application No. 2005-106912, filed on
April 1, 2007, with the Japanese Patent Office, the entire
contents of which are hereby incorporated by reference.
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CLAIMS

1. A radio communications apparatus that performs at least
an automatic repeat request control and performs radio
communications using a frame that occupies predetermined
plural frequency bands, the apparatus comprising:

a reception portion that receives feedback information
about each of the plural frequency bands from a
communications party;

a determination portion that determines which
frequency band among the plural frequency bands is used to
retransmit a retransmission packet indicated by the feedback
information; and

a transmission portion that  transmits the
retransmission packet using one or more determined frequency
bands,

wherein the error correction coding is performed on
packets excluding the retransmission packet in a frame.
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RADIO COMMUNICATIONS APPARATUS AND RADIO COMMUNICATIONS
METHOD
ABSTRACT

A disclosed radio communications apparatus performs at least
an automatic repeat request control and performs radio
communications using a frame that occupies predetermined
plural frequency bands. This apparatus includes a reception
portion that receives feedback information about each of a
plurality of frequency bands from a communications party,
a determination portion that determines which frequency band
among the plural frequency bands is to be used to retransmit
a retransmission packet indicated by the feedback
information, and a transmission portion that transmits the
retransmission packet using one or more determined frequency
bands.

Figure 3
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