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BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention relates to a radio

comuni cation apparatus and a frethod T transmtting a
retransm ssion packet with nmultiple resource 10

bl ocks. 2, Description of the Related Art Hybrid ARQ
(Hybrid Automati c Repeat request) includes existing
ARQ functions (error detection function and
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types of Hybrid ARQ schenes 20 as shown in Fig. i..
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8ctéd ds” an error packe
cogr siorai syl s el panpacksitory ipatkeu st tphepgesource
10trangyAagded at timngs #0 (S10 and S20), In other

words, retransni ssi ons areCH$ %orrred a&i frames which
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150verheadr 88NcOerection 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
20 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

25 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). In other
words, retransmissions are performed at frames which

30 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

35 Dbe provided as control bits and thus overhead can be
reduced, because retransmission timings are
determined in advance. Synchronous ARQ also has an



reduced, because retransm ssion timngs are

determ ned in advance. Synchronous ARQ al so has an
advant age that retransm ssi on-processi ng can be
simplified. however, Synchronous ARQ has a

di sadvantage that in does not have flexibility in
schedul i ng retransm ssi on packets and allocating 5
TTls (Transmi ssion Tine Intervals or subframes) to
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Asynchronous ARQ has an advantage that it
has flexibility in scheduling retransmission packets.
In addition, when a packet cannot be retransmitted
25 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
30 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)”
35
SUMMARY OF THE INVENTION
[Problem(s) to be =solved by the Invention]




“Mul tipl exing and channel coding (FDD)" 35 SUMVARY OF

THE | NVENTI ON [ Probl en(s) to be solved by the

Invention - 3 The use of Synehgonous ARQ or

Asynchronous ARUM in frequency domain schedul i ng,

where the frequency bandw dth are divided into

multiple resource blocks, presents the follow ng
problenms. 5 As shown in Fig. 2A, retransm ssions
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In view of the aforementioned problems in
the related art, it is a general object of the

20 present invention to improve retransmission
performance using a ccrrespondence hetween resource
blocks used for a transmission packet and resource
blocks used for a retransmission packet.

[Means for solving the Problem]

25 In one embodiment of the present invention,
there 1s provided a radio communication apparatus
having a retransmission function for transmitting a
retransmission packet, when an =srror is detected in
a transmission packet which is transmitted with

30 multiple resource blocks, including:

a pattern storing unit configured to store
a correspondence between resource blocks used for
the transmission packet and resource blocks used for
the retransmission packet; and

35 a packet scheduling unit configured to
arrange the retransmissicn packet based on the

ccrrespondence.



a pattern storing unit configured to store a
correspondence between resource bl ocks used for the
transm ssi on packet and resource bl ocks used for the
retransm ssi on packet; and 35 a packet scheduling unit
configured to arrange the retransm ssion packet based

on the correspondence. -- 4 |n one enbodi nent of the
present invention, there is provided a nethod of
transmtting alnretrcarsmedipanpackettfa omrasent lnvention,
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communication apparatus; and
detecting, by the receiving radio
20 communication apparatus, an error in the
retransmissicn packet based on the correspondence.
[Effect of the Invention]
According tc an embodiment of the present
invention, a frequency diversity effect can be
25 obtained for a retransmission packet and

retransmission performance can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows two types of Hybrid ARQ

30 schemes 1in accordance with the related art.

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

Fig. 2B shows scheduling of retransmission

35 packets according to Hybrid ARQ (Asynchronous ARQ)
in the case of frequency domain scheduling.

Fig. 3A shows a correspondence between a



Fig. 1 shows two types of hybrid ARQ 30 schenes in
accordance with the related art. Fig. 2A shows

schedul ing of retransm ssion _packets according to
Hybrid ARQ (Synchronous ARQ in the case of frequency
domai n scheduling. Fig. 2B shows schedul i ng of
retransm ssion 35 packets according to Hybrid ARQ
(Asynchronous ARQ in the case of frequency domain
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Fig. 6 shows a second correspondence
between resource blocks used for an initial
transmission packet and resource blocks used for

20 retransmission packets.

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

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

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 [Description of Notations]

10 transmitting radio communication

apparatus

12 receiving radio communication apparatus

103 pattern storing unit
35 105 pazket scheduling unit

107 channel coding unit

109 data modulation unit



retransm ssion nmethod in accordance with an

enbodi nent of the present invention. DESCRIPTION OF
THE PREFERRED EMBODI MENTS 30 [-Description of

Not ations] 10 transmitting radi o conmunication
apparatus 12 receiving radi o conmuni cati on appar at us
103 pattern storing unit 35 105 packet scheduling unit
107 channel coding unit 109 data nodul ation unit - 6
111 radi o resoutéeraldigcatd nguunet all2katadid wesour ce
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denodul ati on ang retransm ssion, 5 control unit [ Best
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1 8PPt Sy BAfe Be heCRIWNG dath Dock e (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

20 sequence (order) of resocurce blocks for the initial
transmission packet in a predetermined manner. Such
a correspondence 1is stored in both a transmitting
radio communication apparatus and a receiving radio
communication apparatus in advance. As shown in Fig.

25 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

30 the retransmission packet to the receiving radio
communication apparatus after one RTT. The
recelving radio communication apparatus can detect
(and correct) an error based on the correspondence.

In this manner, applying frequency hopping

35 to the retransmission packet can obtain a frequency

diversity effect for the retransmission packet,

because different resource blocks i1in the frequency



communi cation apparatus in advance. As shown in Fig.
25 3B, the transmtting radi o comruni cati on appar at us
arranges a retransn ssi on packet; based on the
correspondence stored in botn the transmtting radio
comuni cati on apparatus and the receiving radio
communi cati on apparatus in advance, and transmts 30
the retransm ssion packet to the receiving radio
conmgmiaciat | one apparattes dffteerrohea RFM1Flse or aoed vé hg
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allocating unit 111. 20 The pattern storing unit 103

st oPedefdting unit 111.

20 The pattern storing unit 103 stores a
correspondence between 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

25 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

30 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

35 scheduling unit 105 allocates resource blocks #1-#N
to respective user data based on feedback

information such as signal quality. In the case of



correspondence between resource bl ocks used for a
transm ssi on packet and resource bl ocks used for a
retransm ssion packet. As descriged bel ow, the
pattern storing, unit 103 nmay store the 25
correspondence up to the maxi num nunber of

retransm ssions. Alternatively, the pattern storing
unit 103 nay store a predeterm ned correspondence
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2per fiotdredodsi B 1@ iR @t1 @9 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.

25 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 radioc communication

30 apparatus 12 1includes a radio resource allocating
unit 121, a pattern steoring 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

35 storing unit 103 in the transmitting radio
communication apparatus 10. The pattern storing
unit 123 may store the correspondence uniquely



scheme suited for each resource bl ock. For exanple, 20
the nodul ation unit 109 uses various nodul ation
schenmes such as QPSK, 16QAM and 64QAM The radi o
resource allocating unit 111 allocates resource
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resource allocating unit 121 extracts, based on the

20 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

25 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.

30 [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

35 retransmission packets. For the first
correspondence, both the transmitting radio

communication apparatus 10 and the receiving radio



ro
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resource allocating unit 121 extracts predetermn ned
resource bl ocks fromresource bl ocks #1-#N. In the
case of the retransm ssion paQKP% _the radio resource
allocating unit .1,21 extracts, based on the 20
correspondence stored in the pattern storing unit

123, resource bl ocks used for the retransm ssion
packet from resource bl ocks ]#l-#N. The data
demmhﬂmumDMaamdnre@@mryﬁw$iDD dentrali ngnitthd 25
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20 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+1l)-
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

30 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

35 between resource blocks used for an 1nitial

transmission packet and resource blocks used for

retransmission packets. For the third



t he maxi mum nunber of retransm ssions. 15 Fig. 6 shows
a second correspondence between resource bl ocks used
for an initial transm ssion _packet and resource

bl ocks used for retransm ssion packets. For the
second correspondence, both the transmtting radio 20
comruni cati on apparatus 10 and the receiving radio
comuni cation apparatus 12 determ ne the
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In Fig. 7, Chunk(n) corresponds to the number
20 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 rescurce block #1 in
the initial transmission packet. AFN represents a
25 wvariation for the frame number (AFN is equal to 4 in
Fig. 7). MAX CHUNK represents the maximum number of
resource blocks (MAX CHUNK 1s equal to 6 in Fig. 7).
Based on the aforementioned equation, the
resource block (Chunk(n+l)) used for the first
30 retransmission packet corresponding to the initial
transmission packet #0 is determined as Chunk{(n+l) =
(0+4)mod(6) = 4. According to the third
correspondence, the amount of information for
storing the correspondence can be reduced compared
35 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



pattern (correspondence) may be generated fromthe
frame nunber based on the foll ow ng equati on:
Chunk(n+1) _ (Chunk(n)+AFN) nod(IMAX- CHUNK) where n
represents the nunmber of 15 transm ssion tinmes (n=1
for the initial transm ssion packet and n=2 for the
first retransm ssion packet). Chunk(n) represents a
resource bl ock nunmber used for transmtting data at

an Aotrh thansid §sRdn tiamang. s $ hoFi packetChuiik( rgxample.
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to shemsthdne showaspiomdErnce 5in5co8mhamedifgy 1s uniquely

trapsmddd Ngedhen garLesRondence] £ pser demdnt ot hrequce
the transmtting radi o __conmmunicati og appar atus 10 _and
theoﬂﬁﬁﬂ?ﬁ%g ?%aﬁase the correspondence does not have

20 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,

25 the correspondence 1s 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

30 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 i1in the pattern storing unit (123 in Fig.

35 4B) in the receiving radio communication apparatus
12. According to the second scheme, multiple
patterns for the correspondence can be maintained



communi cation apparatus 12 to have the 10
correspondence in comon, schenes for transmtting
the correspondence fromone appafatus to the other
apparatus are described below in a first schenme, the
pattern storing wunits (103 in Fig. 4A and 123 in Fig.
4B) in both 15 the transmtting radi o conmunicati on
apparatus 10 and the receiving radi o comruni cation
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[Flowchart of a retransmission method]
20 Fig. 8 shows a flowchart of a

retransmission method in accordance with an
embodiment of the present invention.
Both the transmitting communication
apparatus (transmitter) 10 and the receiving
25 communication apparatus (receiver) 12 store the
correspondence between resource blocks used for a
transmission packet and resource blocks used for a
retransmission packet 1in advance (S$S101). The
transmitting communication apparatus 10 transmits
30 user data to the receiving communication apparatus
12 based on reception gquality for the user (S5103).
The receiving communication apparatus 12 detects an
error (S105) and transmits a retransmission request

when the error is detected 1n the initial

{52
wl

transmission packet (S107). The transmitting
communication apparatus 10 arranges a retransmission

packet based on the correspondence stored in the



channel upon establishing the call. The correspondence
stored in the pattern storing unit (103 in Fig. 4A
is transmtted to the receivitngldradi o communi cati on
apparatus 12 on the shared 10 channel (the
correspondence is input to the packet scheduling unit
105 in Fig. 4A along with user data and transmtted
on the shared channel) and stored in the pattern

st oMaig- et t SE2P30n Uil UBYOFh BRE tréceiVithy FAdio
CONMMt &t $100s appar ataus:ck2. (451 Agcor dinkg rtecd hei i rd
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t

in dctordant@ {tfSdr” &ot hen S Pesent 5-°P°
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cor réspfonderte Betf WSS STESOUT ceeRBoky GddfFlorcan Pe
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recei vi ng conmuni cati o ppar at us etects an error
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1% he cpaort isgdéteot eéthd rsddee i oft tak Py dgansnisséonion.
packet (8107)'TKE§ E%%%%Hggiggalcggqg%%péﬁgQP cation 1is
apparatus 10 arranges a retransm sSion packet based on
t he Reste@sponderésestorfed 3 il E RerPP14 Capdtareri st of PAg
uni to (F1D9) £ anddt bansmdis tel 7§ eLoar@sMitIsH Bhpacket
(51%%%ﬁ:The rece

ents O w%&%% are hereby incorporated herein by

20 reference.



comuni cation apparatus 12 detects an error based on

the correspondence (5113) and transmts a 5

retransm ssion request when thel®&rfor is detected in

the retransm ssi on packet. Subsequently, steps

5107-5113 are repeated as needed. According to an

enbodi nent of the present invention, a frequency
diversity effect can be 10 obtained for a

ret PEHEN E%| 6RAEMEReISAnd retransni ssi on performance

can be inproved. The present invention is not |limted

to the specifically disclosed enbodi nents, and

vari ations and nodifications may be nmade wi t hout 15
departing fromthe scope of the present invention.

Jhis international patent application is based on
Japanese Priority Applj.cation No. 2006- 009295 file ,
on January 17, 12086} MR EGAERt LB R Ch HR&LNY
her ebyre tncan poi atednhergiat yn 20rr efremenciet t ind 5a-
MHKE46%§} yg?ib§ %é%ké%fagﬁgnCQRHEWEgylp d?etected in

apparatus having a retransm ssion function ,
trasniiiFglas 1pét Patdth sstdhCPpacRett r alFah Ere@r voFn

10s detleciglei Aesaulricandl SSkoON pagketi swigch
transmtted with 12tng}ti$le resourcg b&pqgf red to store
conprising: a Ba?? MY st o %%ﬁlﬁﬁiPn& nfﬁdhré% to9stor &
a cor respongdentdebetwdeEmt wesour esoblrock © et f epedt her

transid ssionspackel rand diesous g blbacks-used §0ks thed for
retransm ssion gacket; and 15 a packet scheduling unit

configur et ton S8 PERGE " Fetr aRBAi ssi on packet based
16n the correspopdenes 2th&duThegr adiia camiiigcatdono

app%f@é@ggsthe retransmission packet based on the

correspondence.

20

2. The radio communication apparatus as
claimed in Claim 1, wherein:
the pattern storing unit stores the
25 correspondence up to the maximum number of

retransmissions.

30
3. The radio communication apparatus as
claimed in Claim 1, wherein:
the pattern storing unit stores the
correspondence between resource blocks used at an n-
35 th transmission timing and resource blocks used at
an (n+l)-th transmission timing.



claimed in Caim1, wherein: the pattern storing unit
stores the 25 correspondence up to the nmaxi num nunber
of retransm ssions, 30 3. The Ir@&di o conmuni cati on
apparatus as clained in Caiml, wherein: the pattern
storing unit stores the correspondence between
resource bl ocks used at an n- 35 th transm ssion
timng and resource bl ocks used at an (n+l1l)-th

transm ssion timng, 16 4. The radi o comruni cation
apparatus as 5 clainmed in Caim1l, wherein: the
pattern storing unit stores the correspondence based
on a variable which is included in both a
transnitting radi Bheomaghiccatéronuapparavus argrratus as

wec%mgfﬁbdeggocgggHUQ|cmﬁégbﬁ@paratus|r110 conmon.
15 The radi o conmuni'cati on apparatus as clained in

d al m 1, wherefR® PREUSAT TP SR RYLGNISE St €8¢ he
cor respeEenctée hncadearce ohichvasigbhiguelny.ch is included

det %%mbrbetqd bél PQ&Hsﬁltt[tﬁ z%nrtgdi{]& égxqfngn%%&tlon apparatus

comuni cat1 on apparatus and a receivin
C oA @atﬁ?ﬁﬁh]bbagaﬁ@@lOZ?LBquThéC?ééIP@ CEHRITH 'tat | bR
1@ppaiaindshas clained in aiml, wherein: the
correspondence stored in the pattern storing unit is
transmtted as systeminformation on 30 a broadcast
channel . 35 7. The radi o conmuni cati on apparatus as
claimed in Caim1, wherein: the correspondence stored
in the pattern

15 5. The radio communication apparatus as
claimed in Claim 1, wherein:
the pattern storing unit stores the
correspondence in advance which is uniquely
determined by both a transmitting radio
20 communication apparatus and a receiving radio

communicaticn apparatus.

25
6. The radio communication apparatus as
claimed in Claim 1, wherein:
the correspondence stored in the pattern
storing unit is transmitted as system information on

30 a broadcast channel.

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

the correspondence stored in the pattern



- 17 storing unit is transmtted as Layer--3
signaling on a snares data channel. 8. A nethod of
transmtting a retransm ssion packet froma
transmtting radio conmunication apparatus, when a
receiving radi o 10 comuni cati on apparatus detects an
error in a transm ssion packet which is transmtted
with nultiple resource blocks fromthe transmtting
r adiSé © gk Ehit it 6n tapparusedi At baVSg thes s3@psing on
of . =Sted s Bythothathe transmtting radio 15
communi cati on apparatus and the receiving radio
comuni cati on apparatus, a correspondence between
resource bl ocks used for the transm ssion packet and
g esource blocks used for the retransm ssion packet:
arranging, by the transmtting radio 20 communi cati on
apparatus, the retransm ssion packet based on the
correspondence$ . aRdmerténstridf i ngahbe1 ttétrgarsm ssi on

packel, .0, 1Rhes k8GRl Ying J:adt 0o COMUNECALIAN g ragio
apparatus; and detecting, by the receiving radio 25
coOmMANHIEH } Ot 4PParRPdS,2 dhs erf Bl A fReelving radio

10 et cReidsst £01 packepbasak afe t Betsounhespongdence. a
transmission packet whicih is transmitted with
multiple resource blocks from the transmitting radio
communication apparatus, including the steps of:

storing, by both the transmitting radio

15 communication apparatus and the receiving radio
communication apparatus, a correspondence between
resource blocks used for the transmission packet and
resource blocks used for the retransmission packet;

arranging, by the transmitting radio

20 communication apparatus, the retransmission packet
based on the correspondence, and transmitting the
retransmission packet to the receiving radio
communicaticn apparatus; and

detecting, by the receiving radio
25 communication apparatus, an error in the

retransmission packet based on the correspondence.





