10

15

20

25

30

35

TITLE OF THE INVENTION

RADIO COMMUNICATION DEVICE AND RETRANSMISSION
PACKET TRANSMISSION METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radio
communication apparatus and a method of transmitting

a retransmission packet with multiple resource
blocks.

2. Description of the Related Art

Hybrid ARQ (Hybrid Automatic Repeat
request) includes existing ARQ functions (error
detection function and retransmission function) and
an error correction function. According to Hybrid
ARQ, the number of packet retransmissions can be
reduced by transmitting an error correction code in
advance. ' _

There are two types of Hybrid ARQ schemes
as shown in Fig. 1. One scheme is referred to as
Synchronous ARQ and the other scheme is referred to
as Asynchronous ARQ.

According to Synchronous ARQ, packets are
retransmitted at predetermined retransmission
timings. For example, a transmission packet at a
timing #0 (S00) is detected as an error packet,
corresponding retransmission packets can be
transmitted at timings #0 (S10 and S20). 1In other
words, retransmissions are performed at frames which
are integral multiples of RTT (Round Trip Time) or
control loop delay.

Synchronous ARQ has an advantage that the
process number indicating the original transmission
packet for retransmission packets does not have to
be provided as control bits and thus overhead can be
reduced, because retransmission timings are
determined in advance. Synchronous ARQ also has an
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advantage that retransmission processing can be
simplified. However, Synchronous ARQ has a
disadvantage that it does not have flexibility in
scheduling retransmission packets and allocating
TTIs (Transmission Time Intervals or subframes) to
them, because of the constraints of retransmission
timings. Furthermore, when a packet cannot be
retransmitted after one RTT from the initial
transmission packet, the packet has to wait for at
least two RTTs and thus delay may be increased.

On the other hand, according to
Asynchronous ARQ, packets are retransmitted at any
timing after one RTT. For example, a transmission
packet at a timing #0 (A00) is detected as an error
packet, corresponding retransmission packets can be
transmitted at any timing (TTI) after A10. 1In other
words, retransmissions are performed at any timing
(Al0-A25) after one RTT from the transmission packet.
It is noted that Asynchronous ARQ 1s used in HSDPA
(High Speed Downlink Packet Access) (for example,
Non-Patent Reference 1).

Asynchronous ARQ has an advantage that it
has flexibility in scheduling retransmission packets.
In addition, when a packet cannot be retransmitted
after one RTT from the initial transmission packet,
the packet can be transmitted after timings of
(RTT+1) rather than after two RTTs and thus delay
may be reduced. However, Asynchronous ARQ has a
disadvantage that retransmission processing can be
complicated. Furthermore, the process number has to
be provided as control bits and thus overhead can be
increased.

[Non-Patent Reference 1] 3GPP TS 25.212,
“Multiplexing and channel coding (FDD)”

SUMMARY OF THE INVENTION
[Problem(s) to be =solved by the Invention]
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The use of Synchronous ARQ or Asynchronous
ARQ in frequency domain scheduling, where the
frequency bandwidth are divided into multiple
resource blocks, presents the following problems.

As shown In Fig. 2A, retransmissions
according to Synchronous ARQ are performed using the
same resource block (frequency block). When the
resource block is of poor reception quality, there
is a high likelihood that an error will be detected
again iIn retransmission packets.

On the other hand, retransmissions
according to Asynchronous ARQ are performed using
optimum resource blocks. However, as shown in Fig.
2B, an optimum resource block for each
retransmission packet is selected from the resource
blocks after one RTT and thus retransmission
processing can be complicated.

In view of the aforementioned problems in
the related art, it is a general object of the
present invention to improve retransmission
performance using a correspondence between resource
blocks used for a transmission packet and resource
blocks used for a retransmission packet.

[Means for solving the Problem]

In one embodiment of the present invention,
there is provided a radio communication apparatus
including:

a scheduling unit configured to determine
a resource block for retransmission when a
retransmission request signal iIs received from a
receiving radio communication apparatus, based on an
allocation pattern of resource blocks, where frames
in which multiple resource blocks are arranged in a
frequency direction are repeatedly formed in a time
direction, using a frame number as a variable, the
allocation pattern being calculated upon
retransmission according to a stored equation; and
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a transmitting unit configured to transmit
a packet according to the resource block for
retransmission determined by the scheduling unit;
wherein

the scheduling unit determines the
resource block for retransmission based on a
remainder of a division of a resource block number
for previous transmission plus a variation for the
frame number by the number of resource blocks in the
frequency direction.

In one embodiment of the present invention,
there is provided a transmission method including
the steps of:

determining a resource block for
retransmission when a retransmission request signal
is received from a receiving radio communication
apparatus, based on an allocation pattern of
resource blocks, where frames in which multiple
resource blocks are arranged in a frequency
direction are repeatedly formed in a time direction,
using a frame number as a variable, the allocation
pattern being calculated upon retransmission
according to a stored equation; and

transmitting a packet according to the
determined resource block for retransmission;
wherein
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the determining step comprises determining
the resource block for retransmission based on a
remainder of a division of a resource block number
for previous transmission plus a variation for the
frame number by the number of resource blocks in the
frequency direction.

[Effect of the Invention]

According to an embodiment of the present
invention, a frequency diversity effect can be
obtained for a retransmission packet and
retransmission performance can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows two types of Hybrid ARQ
schemes i1n accordance with the related art.

Fig. 2A shows scheduling of retransmission
packets according to Hybrid ARQ (Synchronous ARQ) in
the case of frequency domain scheduling.

Fig. 2B shows scheduling of retransmission
packets according to Hybrid ARQ (Asynchronous ARQ)
in the case of frequency domain scheduling.

Fig. 3A shows a correspondence between a
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transmission packet and a retransmission packet 1in

accordance with an embodiment of the present

invention.

Fig. 3B shows scheduling of retransmission

packets in accordance with an embodiment of the
present invention.

Fig. 4A shows a transmitter of a
communication system in accordance with an
embodiment of the present invention.

Fig. 4B shows a receiver of a
communication system in accordance with an
embodiment of the present invention.

Fig. 5 shows a first correspondence
between resource blocks used for an initial
transmission packet and resource blocks used for
retransmission packets.

Fig. 6 shows a second correspondence
between resource blocks used for an initial
transmission packet and resource blocks used for
retransmission packets.

Fig. 7 shows a third correspondence
between resource blocks used for an initial
transmission packet and resource blocks used for
retransmission packets.

Fig. 8 shows a flowchart of a
retransmission method in accordance with an

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Description of Notations]

10 transmitting radio communication

apparatus

12 receiving radio communication apparatus

103 pattern storing unit
105 packet scheduling unit
107 channel coding unit
109 data modulation unit
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111 radio resource allocating unit

121 radio resource allocating unit

123 pattern storing usnit

125 data demodulation and retransmission
control unit

[Best Mode of Carrying Qut the Invention]

With reference to the accompanying
drawings, a description is given below with regard
to preferred embodiments of the present invention.

Figs. 3A and 3B show scheduling of
retransmission packets in accordance with an
embodiment of the present invertion. In contrast to
Synchronous ARQ in accordance with the related art,
a retransmission scheme of the present embodiment
uses different resource blocks (frequency blocks)
for the original transmission packet (also referred
to as an initial transmission packet) and
retransmission packets. As shown in Fig. 3A, a
retransmission packet 1s arranged by changing the
sequence (order) of resource blocks for the initial
transmission packet in a predetermined manner. Such
a correspondence 1s stored in both a transmitting
radio communication apparatus and a receiving radio
communication apparatus in advance. As shown in Fig.
3B, the transmitting radio communication apparatus
arranges a retransmission packet based on the
correspondence stored in both the transmitting radio
communication apparatus and the receiving radio
communication apparatus in advance, and transmits
the retransmission packet to the receiving radio
communication apparatus after one RTT. The
receiving radio communication apparatus can detect
(and correct) an error based on the correspondence.

In this manner, applying frequency hopping
to the retransmission packet can obtain a frequency
diversity effect for the retransmission packet,

because different resource blocks i1n the frequency
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domain are used for the retransmission packet.

[Exemplary structure]

Figs. 4A and 4B show a structure of a
communication system in accordance with an
embodiment of the present invention. The
communication system i1ncludes a transmitting radio
communication apparatus (transmitter) 10 as shown 1n
Fig. 4A and a receiving radio communication
apparatus (receiver) 12 as shown in Fig. 4B.

Although the transmitting radio
communication apparatus 10 is typically used for a
base station in a radio communication system, the
transmitting radio communication apparatus 10 may be
used for other apparatuses such as a mobile station.
The transmitting radio communication apparatus 10
includes a pattern storing unit 103, a packet
scheduling unit 105, a channel coding unit 107, a
data modulation unit 109, and a radio resource
allocating unit 111.

The pattern storing unit 103 stores a
correspondence petween resource blocks used for a
transmission packet and resource blocks used for a
retransmission packet. As described below, the
pattern storing urnit 103 may store the
correspondence up to the maximum number of
retranemissions. Alternatively, the pattern storing
unit 103 may store a predetermined correspondence
which can be used for generating an allocation
pattern of resource blocks for retransmission
packets based on the initial transmission packet.

The packet scheduling unit 105 receives
respective user data and arranges a transmission
packet or a retransmission packet. In the case of
the initial transmission packet, the packet
scheduling unit 105 allocates resource blocks #1-#N
to respective user data based on feedback

information such as signal quality. In the case of
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the retransmission packet (upon receiving a
retransmission request signal from the receiving
radio communication apparatus), the packet
scheduling unit 105 arranges the retransmission
packet for user data based on the correspondence
stored in the pattern storing unit 103. For example,
the packet scheduling unit 105 changes the sequence
of resource blocks so that resource blocks for the
retransmission packet are different from resource
blocks for the initial transmission packet, as shown
in Fig. 3B.

The channel coding unit 107 encodes
transmission data (transmission packet or
retransmission packet) arranged by the packet
scheduling unit 105 according to any coding
algorithm. The data modulation unit 109 modulates
data encoded by the channel coding unit 107. Data
modulation may be performed using a modulation
scheme suited for each resource block. For example,
the modulation unit 109 uses various modulation
schemes such as QPSK, 16QAM, and 64QAM. The radio
resource allocating unit 111 allocates resource
blocks #1-#N based on scheduling by the packet
scheduling unit 105.

As described below, a common control
channel is used for transmitting the correspondence
stored 1n the pattern storing unit 103 to the
receiving radio communication apparatus 12.

The receiving radio communication
apparatus 12 1includes a radio resource allocating
unit 121, a pattern storing unit 123, and a data
demodulation and retransmission control unit 125.

The pattern storing unit 123 stores the
same correspondence as the one stored in the pattern
storing unit 103 in the transmitting radio
communication apparatus 10. The pattern storing
unit 123 may store the correspondence uniquely
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determined by both the transmitting radio
communication apparatus 10 and the receiving radio
communication apparatus 12. Alternatively, the
pattern storing unit 123 may store the same
correspondence as the one stored in the pattern
storing unit 103 by exchanging the correspondence
between the transmitting radio communication
apparatus 10 and the receiving radio communication
apparatus 12.

The radio resource allocating unit 121
recognizes in advance whether a packet corresponds
to an initial transmission packet or a
retransmission packet based on a retransmission
request signal transmitted before one RTT. In the
case of the initial transmission packet, the radio
resource allocating unit 121 extracts predetermined
rescurce blocks from resource blocks #1-#N. In the
case of thz retransmission packet, the radio
resource allocating unit 121 extracts, based on the
correspondence stored in the pattern storing unit
123, resource blocks used for the retransmission
packet from resource blocks #1-#N. The data
demodulation and retransmission control unit 125
demodulates the extracted resource blocks and
reproduces user data. Then, the data modulation and
retransmission control unit 125 detects (and
corrects) an error and transmits a retransmission
request signal to the transmitting radio
communication apparatus 10 as needed.

[Schemes for determining the
correspondence]

Fig. 5 shows a first correspondence
between resource blocks used for an initial
transmission packet and resource blocks used for
retransmission packets. For the first
correspondence, both the transmitting radio
communication apparatus 10 and the receiving radio
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communication apparatus 12 determine the
correspondence up to the maximum number of
retransmissions in advance. Thes transmitting radio
communication apparatus 10 arranges a retransmission
packet based on the correspondence and the receiving
radio communication apparatus 12 demodulates data
based on the correspondence. According to the first
correspondence, flexibility of patterns in the
correspondence can be increased. In addition, it 1is
possible to determine the correspondence which
maximizes a (frequency) diversity effect in advance.
On the other hand, the amount of information for
storing the correspondence grows with increase of
the maximum number of retransmissions.

Fig. ¢ shows a second correspondence
between resource blocks used for an initial
transmission packet and resource blocks used for
retransmission packets. For the second
correspondence, both the transmitting radio
communication apparatus 10 and the receiving radio
communication apparatus 12 determine the
correspondence between resource blocks at an n-th
transmission timing and resource blocks at an (n+l)-
th transmission timing in advance. According to the
second correspondence, the amount of information for
storinyg the correspondence can be reduced compared
to the scheme shown in Fig. 5. On the other hand,
resource blocks used for the third retransmission
packet may be identical with resource blocks used
for the initial transmission packet, for example.
For this reason, a lesser (frequency) diversity
effect may be obtained compared to the scheme shown
in Fig. 5.

Fig. 7 shows a third correspondence
between resource blocks used for an initial
transmission packet and resource blocks used for
retransmission packets. For the third
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correspondence, both the transmitting radio
communication apparatus 10 and the receiving radic
communication apparatus 12 generate the
correspondence based on a variable which is included
in both the transmitting radio communication
apparatus 10 and the receiving radio communication
apparatus 12 in common. For example, because a
frame number is broadcast as system information, the
pattern (correspondence) can be generated using the
frame number as the variable. For example, the
pattern (correspondence) may be generated from the
frame number based on the following equation:

Chunk (n+1) = (Chunk(n)+AFN)mod (MAX CHUNK)

where n represents the number of -
transmission times (n=1 for the initial transmission
packet and n=2 for the first retransmission packet).
Chunk(n) represents a resource block number used for
transmitting data at an n-th transmission timing.
In Fig. 7, Chunk(n) corresponds to the number
selected from 0-5, since six resource blocks are
included in the packet. Chunk(n) is equal to 0 for
the resource block #0 1n the initial transmission
packet and equal to 1 for the resource block #1 in
the initial transmission packet. AFN represents a
variation for the frame number (AFN 1s equal to 4 in
Fig. 7). MAX CHUNK represents the maximum number of
resource blocks (MAX CHUNK is equal to 6 in Fig. 7).

Based on the aforementioned equation, the
resource block (Chunk(n+l)) used for the first
retransmission packet corresponding to the initial
transmission packet #0 is determined as Chunk(n+l) =
(0O+4)mod(6) = 4. According to the third
correspondence, the amount of information for
storing the correspondence can be reduced compared
to the scheme shown in Fig. 5. On the other hand,
resource blocks used for the third retransmission
packet may be identical with resource blocks used
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for the initial transmission packet, for example.
For this reason, a lesser (frequency) diversity
effect may be obtained compared to the scheme shown
in Fig. 5.

[Schemes for transmitting the
correspondence]

In order for both the transmitting radio
communication apparatus 10 and the receiving radio
communication apparatus 12 to have the
correspondence in common, schemes for transmitting
the correspondence from one apparatus to the other
apparatus are described below.

In a first scheme, the pattern storing
units (103 in Fig. 4A and 123 in Fig. 4B) in both
the transmitting radio communication apparatus 10
and the receiving radio communication apparatus 12
store the correspondence in common which is uniquely
determined in advance. The first scheme can reduce
overhead, because the correspondence does not have
to be transmitted from the transmitting radio
communication apparatus 10 to the receiving radio
communication apparatus 12 or from the receiving
radio communication apparatus 12 to the transmitting
radio communication apparatus 10. On the other hand,
the correspondence is not easily changed.

In a second scheme, the correspondence 1is
transmitted as system information on a broadcast
channel. For example, the correspondence may be
changed in each cell by means of the broadcast
channel. The correspondence stored in the pattern
storing unit (103 in Fig. 4A) is transmitted to the
receiving radio communication apparatus 12 on the
broadcast channel (using a common control channel)
and stored in the pattern storing unit (123 in Fig.
4B) in the receiving radio communication apparatus
12. According to the second scheme, multiple
patterns for the correspondence can be maintained
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and the pattern can be easily changed. However,
overhead can be increased compared to the first
scheme.

In a third scheme, the correspondence 1is
transmitted as Layer-3 signaling on a shared data
channel upon establishing the call. The
correspondence stored in the pattern storing unit
(103 in Fig. 4A) 1s transmitted to the receiving
radico communication apparatus 12 on the shared
channel (the correspondence is input to the packet
scheduling unit 105 in Fig. 4A along with user data
and transmitted on the shared channel) and stored in
the pattern storing unit (123 in Fig. 4B) 1in the
receiving radio communication apparatus 1Z2.
According to the third scheme, different patterns
for the correspondence can be used upon establishing
each call. However, overhead can be increased
compared to the first scheme.

[Flowchart of a retransmission method]

Fi1g. 8 shows a flcwchart of a
retransmission method in accordance with an
embodiment of the present invention.

Both the transmitting communication
apparatus (transmitter) 10 and the receiving
communication apparatus (receiver) 12 store the
correspondence between resource blocks used for a
transmission packet and resource blocks used for a
retransmission packet 1n advance (S101). The
transmitting communication apparatus 10 transmits
user data to the receiving communication apparatus
12 based on reception quality for the user (S103).
The recelving communication apparatus 12 detects an
error (S105) and transmits a retransmission request
when the error is detected 1n the initial
transmission packet (S107). The transmitting
communication apparatus 10 arranges a retransmission

packet based on the correspondence stored in the
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pattern storing unit (S10%) and transmits the
retransmission packet (S111). The receiving
communication apparatus 12 detects an error based on
the correspondence (S112) and transmits a
retransmission request when the error i1s detected 1n
the retransmission packet. Subsequently, steps
S107-5113 are repeated as needed.

According to an embodiment of the present
invention, a frequency diversity effect can be
obtained for a retransmission packet and
retransmission performance can be improved.

The present invention is not limited to
the specifically disclosed embodiments, and
variations and modifications may be made without
departing from the scope of the present invention.

This international patent application is
based on Japanese Priority Application No. 2006~
009295 filed on January 17, 2006, the entire
contents of which are hereby incorporated herein by

reference.
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WHAT 1S CLAIMED 1S

1. A radio communication apparatus
comprising:

a scheduling unit configured to determine
a resource block for retransmission when a
retransmission request signal 1s received from a
receiving radio communication apparatus, based on an
allocation pattern of resource blocks, where frames
in which multiple resource blocks are arranged in a
frequency direction are repeatedly formed in a time
direction, using a frame number as a variable, the
allocation pattern being calculated upon
retransmission according to a stored equation; and

a transmitting unit configured to transmit
a packet according to the resource block for
retransmission determined by the scheduling unit;
wherein

the scheduling unit determines the
resource block for retransmission based on a
remainder of a division of a resource block number
for previous transmission plus a variation for the
frame number by the number of resource blocks in the
frequency direction.

2. The radio communication apparatus as
claimed in Claim 1, wherein:

the scheduling unit determines the
allocation pattern based on a received broadcast
channel.
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3. The radio communication apparatus as
claimed in Claim 2, wherein:

the frame number is included iIn the
broadcast channel.

4. The radio communication apparatus as
claimed in Claim 1, wherein:

the scheduling unit determines the
allocation pattern based on a received shared data
channel.

5. A transmission method comprising the
steps of:

determining a resource block for
retransmission when a retransmission request signal
iIs received from a receiving radio communication
apparatus, based on an allocation pattern of
resource blocks, where frames 1n which multiple
resource blocks are arranged in a frequency
direction are repeatedly formed in a time direction,
using a frame number as a variable, the allocation
pattern being calculated upon retransmission
according to a stored equation; and

transmitting a packet according to the
determined resource block for retransmission;
wherein

the determining step comprises determining
the resource block for retransmission based on a
remainder of a division of a resource block number
for previous transmission plus a variation for the
frame number by the number of resource blocks in the
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frequency direction.

6. The transmission method as claimed in
Claim 5, wherein:

the determining step comprises determining
the allocation pattern based on a received broadcast
channel.

7. The transmission method as claimed iIn
Claim 6, wherein:

the frame number is included iIn the
broadcast channel.

8. The transmission method as claimed in
Claim 5, wherein:

the determining step comprises determining
the allocation pattern based on a received shared
data channel.
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ABSTRACT OF THE DISCLOSURE

RADIO COMMUNICATION DEVICE AND RETRANSMISSION

PACKET TRANSMISSION METHOD

A radio communication apparatus having a
retransmission function includes a pattern storing
unit configured to store a correspondence between
resource blocks used for a transmission packet and
resource blocks used for a retransmission packet;
and a packet scheduling unit configured to arrange
the retransmission packet based on the
correspondence.

FIG. 4A
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