DESCRIPTION Title of Invention INTEGRATED CIRCUITS FOR TRANSMITTING ASSIGNMENT
INFORMATION, RECEPTION APPARATUS AND METHOD FOR RECEIVING ASSIGNMENT
INFORMATION Technical Field [0001]The present invention relates to mission apparatus and
control information transmission method for transmitting control informationforresourceassignmentin
multiple access wireless communicatiorFSy8téft Batkgrdund Art [0002]Currently,reless mobile
communication systemsareevolvingtowardsthefourth generation (i.e. 4G networks).The evolution to 4G
promises Balstantial inckeEse Ttsy8@m requirements (e.g. an increase in the number of users, user

bandwidthg, ane:mobility - [Rea3IBeveral Mausteshnalopies asYIENAIING BSREBYE6THARE possible
muliple ackBEE TOUONAL A G Eas WERIRU prCHboht For WRY -{SE BOF S0 and
3GPP LTE[IQ%ngvolution [0004]Theorthogonalfrequencydivision
Technical Field
[0001) ~ The present invention réiates to &
+»znsmission apparatus and corntrol information
transmission methed - for transmitting control
infcrﬁation for regouTce assignment inm &

multiple access wireless communicaticn system.

Background Azt

(00023 Currently, wireless mobile communication
systems are evolving towards the fourth
generation (i.e. &G networks}{ Thé eﬁolution to
2¢ opromises substantial dincrezse in systenm
"regquirements (e.g. &n increase in the number of
vueers, user bandwidths, znd mobility).

[oogsal Several new technologies are planning to
be ﬁsed to make poseible thisg dincreazse in EBvEtem
reguirementse. One of these technologies is
crthogonai freguency divisiomn multiple access
{0FDMRE) , which is & wireless technigue proposed
for WiMaxr (IEEE B02.1l6e} and 3GPP LTE {(Long Term
Evolution).

ipoo4l The srthogonal freguency divigion



multiplexing and transmitting transmission data using a plurality of subcarriers.In an OFDM system,
first, a data stream is divided into 5several parallel sub-streams.The data rate then is lowered.That is
to say, with these parallel substreams, the symbol duration increases compared to the original data
stream. The plurality of parallel substreams are then 10 modulatedandlatermappedonseparate
subcarriers. [0005]The increased symbol duration improves the robustness of OFDM to channel delay
spread. Furtheimdre lthe intrgductiort ®Fdyulic prefi¥es 15(CRs)can¢ompistdlyetiminateintér-symbol
interference as long as the CP duration is longer than the channel delay spread.In addition, OFDM
modulation®4d be RARFAH 1€ thé Bfficiehtifveri iFatimbdrie MFaRMM & IFET), WiidRenables a

large number of sub-
g using a plurality of subecarriers. In an OFDM

system, first, a data stream 1s divided into

) several parailel sub-streams. The data rate
then 1is lowered. That is to say, with these
parallel substreams, the symbol duration

increases compared to the original data stream.
The plurality o€ parallel substreams are then
] modulated and later mapped on separate
subcarriers.
[oo0s] The dincreased symbol duration improves
the robustness of OFDM to channel delay spread.
Furthermore, the intrcoduction of e¢veclic prefixes
15 {CPg) can conpletely eliminate inter-symbol
interference as leng as the ce duration is
longer than the channel delay spread. In
addition, OFDM modulaﬁion can be realized using
the efficient inverse Fast Fourier transform
20 (IP¥T), which enables =a Jlarge number of sub-
carriers to be provided with lower complexity.
[0006] In an OFDM communication syastem,
regsources are defined by means of OFDM symbols

in the time domain ox by means of subcarriers in

25 the freguency domain. That ig, OFDMA is a
multiple-access scheme that makes possible
multiplexing transmigsion by mapping data



carriers to be provided with lower complexity. [0006]InanOFDMcommunicationsystem, resources are
defined by means of OFDM symbols in the time domain or by means of subcarriers in 25 the
frequency domain.That is, OFDMA is multiple-accessschemethatmakespossible
multiplexingtransmissionbymappingdata streams from a plurality of users upon time resources and
frequency resources. [0007]For example, non-patent literature 1 discloses a conventional wireless
communicatior 5 apsaratfisthatcordmuBdeatestdindanOFDN corfiunfeatiorPsthemé {BG08IFIG.1
illustrates an example of an OFDMA frame structure.FIG.1 is an illustration of a downlink(DL)frame

structure. NGt 1D 2fth ABA nGERGMER BIG. T 5HPHANG SRere also is an uplink (UL) part as well.
[0009]With E%f%rﬁ%e to Flg-:,.olrthefgj

€Bmple, non-patent literasture 1
digscloses a conventional wireiess communication
5 apparatus that communicates using an OF DM
communication scheme.
fooos] FIG.1 illustrates an example of an OFDMA
frame structure. FIG@.1 is an illustration of a
downlink (DL) frame structure. Note that,
10 =although not shown in FIG.1l, normally, there

also is an upiink (UL} part as well.

[o0C8a] With reference to FIG.1, the frame
includes MAC controcl information 22 which
carries control signal. The control signal

15 dncludesg, for example, scheduling dinformation
for DL data transmission, scheduling grants for
UL transmission, and ACK/NACK. indications in
responge to UL transmission. Generally, control
signal is wvalid for the current frame only.
20 There nay, "however, be additional modes of
operation in which control signal is wvalid for

multiple frames.

fooc10} Contrel informatiom 22 18 broadcasted
from a Dbase station (BS) to all the mobile
25 stations (MS8g) connected teo that BS. Each MS
needs to receive and decode MAC control

information 22 and then search for its own



includesMACcontrolinformation22which carries control signal.The control signal 15 includes, for
example, scheduling information for DL data transmission, scheduling grants for UL transmission, and
ACK/NACK indications in response to UL transmission. Generally, control signal is valid for the current
frame only. 20 There may, however, be additional modes of operation in which control signal is valid
for multiple frames. [0010]control information 22 is broadcasted from a base station (BS) to all the
mobile 25 statibrsiiVISsheonnectefide thattBS:BEach MSineedstbreceivéagddecvdamAc@dontrol
information 22 and then search for its own scheduling information unitin MACcontrol information 22.

Typically, chmfPHfbRidton 228 broadt¥Rddifith¥iXed tiffy With fespeR £18 IR ahfPboundaries,

usually neay the peginnin oétfram é Oll]ci\i/\{ii referencetoFIG.1.control infoymation 22 has a plurality
of scheduliré inf%rsma%gn%"nl g.al':sa% %ch% u %g i%Bt:b:fn%a iorﬁtﬁrﬁ?til?%rrﬁqe:ﬁtﬁth A ?rﬁo‘??n%ation element

(1E) 10 inclyding anMS-1Dg EaGh.IE ceriespnds toasspecific M3, qragroup ota-plurglify. of MSs

(hereinafter simply "group”). The information included in an IE is essential to determine the data
transmissiop éafmatx Thayspeeificatiamef 15 the data transmission format by an MS (or group) is
essential to identify the system resources scheduled for that MS (or group) and correctly demodulate
in the identifiésystem resolfdeshFor examphe crefetring tb F1G.1F hé céntents©$ 20-Es 24, 26, 28

and 30 are essential to correctly demodulate in resources 32, 34, 36 and 38, respectively.
information 22 has a plurality of scheduliig

information wunits. Bach scheduling information
unit is formed with an information element (IE)
10 including am MS-ID. Each IE corresponds to a
specific M8 or a group of a plurality of MSs
{hereinafter simply “group”}. The information
included in an IE 1is essential to determine the
data transmission format. The gpecification of
15 the data transmission format by an M8 (or group)
is essential to identify the system resources
scheduled foxr that ME {ocr group) and aorrectiy
demodulate in the 1i1dentified system resocurces.
For example, referring to FIG.1l, the contents of
20 ITEs 24, 26, 28 and 30 are essential to correctly
demodulate in resources 32, 34, 36 and 38,
regpectively.
foorzl Depending on the number of target MSs,
IEs categorise into three types: unicast.,
25 multicast and broadcast. a unicast IE
correspondes to a single M8, a mwmulticast IE

corresponds to a predetermined number of MS8s {or



[0012]Depending on the number of target MSs, |IEscategoriseintothreetypes:unicast, 25 multicast and
broadcast. A unicast IE corresponds to a single MS, a multicast IE corresponds to a predetermined
number of MSs (or group), and a broadcast IE corresponds to all MS s.
[0013]Forexample,likeunicastlE24 including MS-ID1, each unicast IE includes an MS-ID that uniquely
identifies an MS. Some of unicast IEs may correspond to one MS in control information 22. For

example, ingdGdptwp IEg 24 angd 3bhothuentrespondie tha:Me havre:M3ID 1. 48[0044]Also, like
multicast IE 26 including MS- 1D2 and broadcast IE 28 including MS-1D3, each broadcast or multicast
IE also incléties an MS-1D thatuniquelyidentifiesabroadcastor multicast connection.Note that an MS
has 15 preliminarily knowledge of the group of MS-IDs for broadcast/multicast. [00153Each IE
correspondstBd debhrate asdighfnent $&sdiiRe Srea. Thiat & 8f thehitcast  IE 24

leofassignmentr r , . .
Scaeoassg.nceﬂtl S:‘Loxlijgcea&eg'@:t})l, each wunicast IE dincludes an

5 MS-ID that unigquely identifies an MS. Some of
unicast_IEs may correspond to one M8 in control
information 22. For example, din FIG.1l, two IEs
24 and 30 both correspond to the MS haviang MS-
IDL.

10 [0014] Also, like multicast IE 26 including MS-
ID2 and broadcast IE Z8 i1ncluding MSwIDB,”each
broadcast or multicast IE also includes an MS-ID
that unigquely identifies a broadcast or
multicast conmection. Note that an M8 has

15 preliminarily knowledge of the group of MSE-IDs

for broadcast/nmulticast.

[6015] Each IR corresponds to a separate
asslgnment resource area. That dis, i1f the nunit
scale  aof assignment resource areas is
20 determined, even when the first agsignment

resource area and a second assignment resource

area are addressed to the same mebile station,

separate IEs are provided for the first
asslignment resource area and the second
25 assignment rescource area, respectively. Also,

this occurs at other times as well, including,

for example, when the £first assignment resource



20 determined, even when the first assignment resource area and a second assignment resource area
are addressed to the same mobile station, separatelEsareprovidedforthefirst
assignmentresourceareaandthesecond 25 assignment resource area, respectively. Also, this occurs at
other times as well, including, for example, when the first assignment resource area and a second
assignment resource area are not consecutive, when different services are applied to the first
assignmentrescurce arda and a second assigsnent resourceraseny where5 diffeeent camfiguration
conditions (for example, different modulation and coding schemes (MCSs)) are applied to the first
assignmen®réSourceiéshe Biseond a¥sigriment ek dirceestéa, af@ WREtRE nurflde? of times of

data retransmisijluqns 0 is different betz%veen the first assignment resource area and a second
il

assignmenfrBEttce hred 00161 G. il Fatesahile VB Etru&tBirt DR AL TRIE BE IE includes
a DL 15 schegduling.informatien,upit t%Q%E{SQeQxEOeQ%iW ap M3 haw.to proacg%sadﬁata. INFIG.2, the IE
includes MS-ID 42 which identifies the MS or group to which resource is assigned in the frame.
Furthegmorg,ither IE-RGludes: a8 2Q rpsouearielated dfermationnan indications(thakis resource
assignment information 44) of specific resource that is assigned (e.g. time resource, frequency
resource, sgace fesoarce, On adyucoatbination ehtiese)y driditime slatatiore46 2% HOWhch this
assignment of specific resource is valid. The IS also includes, as information related to the data
transmissiof ¥tmat RAMO edhata 4&8to ifidiEate FattRE cortérit HEFERES SN a PEHCHE MIMO scheme

that is specified, modulgtion schgmg L{l%ormation 5% toebe appligd E}o the assigr}eedaresourgg, payload
size inform&tion 52, Af H,EI'RQs iRformatiory 54 tlc‘)?ndféaflettheﬂyﬁndu KF?CS process of tie"Current

ransmissiofy, oy the number of times of data retransmissions
10 is different between the Eirst assignment

regource area and a second assignment resource

area.
100161 FIG.2 illustrates an exemplary IE
structure on a DL. This DL IE includes a DL

15 scheduling information unit to be used to notify
én M8 heow to process data. In FIG.2, the IE
includes MS-ID 42 which identifies the MS or
group to which resocurce isg assigned in the
frame. Furthermore, the IE includes, as

20 resource-related information, an indication
{that is., resource assigpnment information 44) of
specific rescouxrce that is assigned {e.g. time
resource, freguency regource, Space regource, Or
any combination of these}, and time duration 46

25 in which this assignment of specific resource is
valid. The IE also includeé, as information

related to the data transmission format, MIMO



[0017]In the above-described fashion, each MS or group is able to decode an IE included in MAC 10
control information and identify the resource assigned to that MS or group according to the decoding
result. Citation List 15 Non-Patent Literature [0018] NPL 1 IEEE Std 802.16e-2005 20 Summary of
Invention Technical Problem [0019]Now, IEs in MAC control information are arranged in an arbitrary
order, and there may be plurality of IEs carrying the same MS-ID. 25

Consequerdl, fofindbéittherescucbicorEsporidirytio itshoavn MSaIDe arkt MS daste d Fhiswould result

in the problems of i |ncreaS| g the processmg time and power consumption in the MS.
a particu scheme that is specified,

modulation s#sc¢heme dimnformation 50 to be applied

to the assigned resource, pavliocad size

oW

information 52, and HARQ information 54 to
indicate the hybrid ARQ process of the current
transmission.

[0017] In the above-described fashion, each Mg
or group is able to decode an IE included in MAC
10 contxdl informaticon and identify the resource
agsigned to ‘that M8 or group according te the

decoding result.

Citatien List

15 Non-Patent Literature
iocoils]
NPL 1

IBEE Std 802.16e-2005

20 Suﬁmary of Invention
Technical Problemn
[oo019] Now, IEs in MAC control informatiomn are
arranged in an arbitrary order, and there may be
a plurality of IEs carrying the same MS-ID.
25 Ceonseguently, to find out the resource
corresponding to its own MS-ID, an MS has to

check a2ll the IEs in MAC control information 22.



(0020]It is therefore an object of the present 5 invention to provide a transmission apparatus and
control information transmission method to reduce the processing time and power consumption at the
reception side by making the reception processing at the reception side efficient. 10 Solution to
Problem [0021]A transmission apparatus according to thepresentinventiontransmitscontrol
informationforresourceassignmentina 15 multiple access wireless communication system, and has: a
structuring s&ctidF th¥Ptritture € §ig t8ntroPinfbfhfatidt 8RdtE fidhsMitting BECEBR fhaftPansmits the
frame inclugig%the structured control ir}g%rmgtéocg, andwin Lhisczo trsansmigsi%n apE%ratyg: ethe control
information compﬁs%gé:u%?cgétgr%aw jefeaunicast ?cﬁedeuﬁng|n?orfmgt?o%urﬁtaadressinijone mobile
station is plgeed, and a non-unicast area where a non-unicast scheduling information unit 25
addressing two or more mobile stations is placed; and a scheduling information unit group to be placed
in the unicasbarea gomprisesia seheduiag thfosmation uritiasmed with ang énopilesstation identifier,
which is identification information of a mobile station, a plurality of information elements to be

5 invention to provide a transmission apparatus

and control information tramnsmission methcecd to
reduce the processing time and.powar consumption
at the receptiom side by making the reception
processing at the reception side efflcient.

10 .

folution to Problem

fcoz1] 2 transmission apparatug according Lo
the present invention transmits control
information for resouxce assignment in a

15 multiple access wireless communication systemn,
and has:.a structuring section that structures
the control information; and a transmitting
gsection that transmits the £frame dincluding the

structured control information, and, in this

20 transmigsion apparatus: the control Linformation
comprises a unicast aresa where a unicast
scheduling information unit addressing one

mobkile station isg placed, and a non-~unicast aresz
where 2 non-unicast scheduling infecrmation wunit
25 addréssing Lwo or more mobile stations is
placed; and a scheduling information unit group

to be placed in the unicast area comprisez a



5 transmitted to the mobilestation associated with the mobile station identifier, and information about
the number of the plurality of information elements. [00221A transmission method according to the 10
present invention transmits control information for resource assignment in a multiple access wireless
communication system, and includes:a structuring step of structuring the control information; and a
transmitting step of 15 transmitting the frame including the structured control information, and, in this
transmissiof ettt the FontrbFiABATRIGH Edmprisdsiatunic afed Wheréatthicast®eheduling
informfeltionﬂlijnitt> queresging gﬁril:eang?’bciile station 3_28 ésnpé%cg%, éi:r:'d a npn-un#&:g%t area Whe_rse a-
nonunicast sghedullng information unﬁladdressmg w6 of more mobile stations is placea, and a

scheduling information;ynif groyp to be placed.ip the unigast area,comprises @ schedyling 25

information unit formed with one mobile station identifier, which is identification information of a mobile
station, a plyrality phigf@umation eletments te betraasmitad to the mebiletstation.assodiaded with the
mobile station identifier, and information about the number of the plurality of information elements.
Advantagedus &ffeets otladenti¢re[0023)With thelpieksentinednsidniic possibledo redacestiie

processing time and power consumption at the reception side by making the 10 reception
processingdithbfeceptioR&de effi@éhtt e  station  ddentifier, and

information about the number of the plurality of
information elements.
[ocz21 A transmission method according to the
10 pregent invention transmits control dinformation
for resource assignment in a multiple access
wireless communication system, and includes:a
structuring step of structuring ﬁhe controi
information; and a transmitting step of
15 transmitting the frame including the structured
dontrol information, and, in this transmission
method: the control information comprises a
unicast ~area where a unicast scheduling
informaetion unit addressing one mobile station
20 is placed, and a non-unicast area where a non-
unicast gecheduling information wunit addressing
two or moere mobile stations iz placed; and a
scheduling information wunit group to be placed
in the unicast area comprises a scheduling
25 information unit formed with one mobile station
identifier, which 1s identification dinformation

of a mobile station, a2 plurality cof information



Brief Description of Drawings [0024] 15FIG.1 shows an example of an OFDM frame structure;
FIG.2showsatypicalstructure ofa downlink information element (IE); FIG.3isablockdiagramshowinga 20
configuration of a base station according to embodiment 1 of the present invention;

FIG.4isablockdiagramshowinga configuration of a mobile station according to embodiment 1 of the
present invention; 25FIG.5 shows a control information struct

re , .

accordingt®éBgitehtibRhepfesért TvEftion;” © < fF‘fb.éugheowg ZRbrmtfol iBfofniatidh structure

according ;osesrgbcoggntegtdz o‘f\7 t{]gﬁ)resceﬂ%: invention;, . Bl%lggisggws 2£0ntal information structure
and information about the number of the

plurality of information elements.

5
Advantageous Effects of Invention
[00231 With the present invention, it ism
possible to reduce the processing time and power
consumpticn at the reception side by making the
10 receptiown processing atl the reception side
.efficient»
Brief Description of Drawings
[oo024]
15 FIG.1 gshows an example of an OFDM frame

structure;

FIG.2 shows a typical structure of a
downlink info%mation element (IE);

FI&.3 is a hleock diagram showing a

26 ccocnfiguration of =& base station accérding to
embodiment 1 of the present invention:

FIG.4 is a Lloak diazgram showing 8
configuration of a mobile station according to
embodiment 1 of the present invention;

25 FIG.5 shows a control information structure
according to embodiment 1 of the present

invention:

10



5 accordingtoembodiment3ofthepresent invention; FIG.8 shows a control information structure
according to embodiment 4 of the present invention; 10FIG.9illustratesthesystemonwhich embodiment
5 of the present invention is based; FIG.10 shows a control information structure according to
embodiment 5 of the present invention; FIG. 11showsacontrainformation structure according to
embodiment 6 of the present invention; FIG.12illustrates the system on which embodiment 7 of the
present invention iFiased; 26E GWiSillustratestifesgstent orf whithrdmibsodimeht7ucf thergresent

invention is based;

FIG.14illustrates thesystem on which embodiment 7 of the present invention is

based; FIGASERFEaCoHtrolifBrmatff 28 LtdfReE accarding?d embblifent P BERE Bresent

invention; invention; :
FIG.7 shows a control information structure
5 agcording to embodiment 3 of the present
invention;

FIG.8 shows a c¢ontrel information structure
according to embodiment 4 cf the present
invention:

16 FIG.9 illustrates the system on which
embodiment 5 of the present invention isg based;

FIG.10 shows a control information
structure according to embodiment 5 of the
present invention;

15 FIG.11 shows a contraoal information
structure according to embodiment 8 of the
present invention;

FIG.12 'illustrates the system cnn  which
embodiment 7‘of the present invention is based:

240 FIG.13 illustrates the system on which

embodiment 7 of the present invention is based;

Fra.l4 illustratesn the system on which

embodiment 7 of the presgsent inventicn is based;

FIG.15 shows a control information

25 structure according to enbodinment 7 of the

present invention;:

PIG.16 illustrates processing in an

11



FIG.16illustratesprocessinginan information processing section; FIG.17showsacontrolinformation
structure according to embodiment 8 of the present invention; and 5FIG.18illustratesprocessinginan
information processing section. Description of Embodiments [0025]Now,embodimentsofthepresent 10
invention will be described in detail below with reference to the accompanying drawings. Parts that are
the same between embodiments will be assigned the same reference numerals and their descriptions
will not be repedtedn[002646EMbodimentsl) {Gonlgutatior af hase station)
FIG.3isablockdiagramshowinga configuration of base station 100 according to embodiment 1 of the
present invention.IFAGRIG B, bases $tatton 100 Mas contts? Béction- 101, stAddarere02imformation

generating section 103, OFDM communication section 104, and
structure according to embodiment 8 of the

pregent dinvention; and
5 FIG.18 illustrates processing in an

information processing section.

Description of Embodiments
[o025] Now, embodiments of the present
16 invention will be described in detail below with
reference to the accompanying drawings. Parts
that are the same between embodiments will be
assigned the same reference numerals and their
descriptions will not be repeated.
15 {oco26] {Embodiment 1)

fConfiguration of bhase station]

FIG.3 is a block diagram showing a
configuration o©of base staticn 100 according t§
embodiment 1 of the present inventiocn. In

20 FIG.3, base station 100 has control section 101,
scheduler 102, information gemnerating section
103, OFDM communication section 104, and
information procesgsing section 105, In this

context, control section 101, scheduler 102,

[
1

information generating section 103 and
information processing section 105 perform MAC

laver procegging, and OFDM communication section

12



information processing section 105.In this context,control section 101,scheduler 102,
informationgeneratingsection103and information processing section 105 perform MAC layer
processing, and OFDM communication section 104 performs physical layer processing. [0027]Control
section 101 performs processing related to the MAC protocol. [0028]Scheduler 102 assigns resources
to a 5 communicating party, which is mobile station 200 or a group comprised of a plurality of mobile
stations 20Q,tbasedeeniconinal by bontrbksettioh A 9% Scheddlersl92 dutputs the MS-ID, which is
identification information assigned to 10 mobile station 200 or group, resource assignment information
and cast iddrftifiéatibn infeeiaE& AnfofRstioh tideh iy bebfseh UrrEst, FiuRtie&stahtB®adcast)

,tomformatlon eneraéln%sectl n 103.
re e MAC protocol.

[0028] S8cheduler 102 'assigns resources to a

communicating party, which is mobile statiom 200

<o

or a group cemprised o¢of a plurality c¢f mobile
stations 200, based on control by control
gsection 101. Scheduler 102 oufputs the MS5-ID,
which 1is identification information assigned to

10 mobile station 200 or group, resource agssignment
information and cast identificatiocn Iinformation
{information to identify between unicast,
multicast and broadcast) , to information
generating sectiomn 103.

15 fooz29] Information generating section 103
generates control information to be transmitted
in a downlink using the information received
froﬁ gcheduler 102. The control information
includes control signal. The contrel signal isg,

20 for example, gcheduling information related to

downlink data communication and scheduling
information related to uplink data
communication. Also, information generating

section 103 assigns, to resource corresponding
25 to & scheduling information, traznsmission data
addressing the ME-ID associated with that

scheduling information. To be more gpecific, =a

13



15[0029]Informationgeneratingsection103 generates control information to be transmitted in a
downlink using the information received from scheduler 102.The control information includes control
signal.The control signal is, 20 for example, scheduling information related to
downlinkdatacommunicationandscheduling informationrelated communication.Also, touplinkdata
information generating  section 103 assigns, to resource corresponding 25 to a scheduling

informationgtsansmissior data addressingtheMs-1Dagsociatedwithithad sehedaling imfermasion.To be
more specific, a scheduling information unit includes an MS-ID and resource assignment information,
-s0 that transmigsior éat@ addressing thisi i 8:1B rstmapped o aresource corrgspondigatd this

transmissgion data addressing this MS5-1D is
mapped to a resource corresponding to this

5 regource allocation information. In this way, a
scheduling information unit included in control
information and transmission data are associated
with each other, go that, at the recepticn side,
it ig possible to receive and process the data

10 addressing the receiving party based on
information in the control information. The
structure of contrel information to be generated
in information generating sectiom 103 will be
later described in detail,

15 60301 OFDM communication section 104 performs
OFbM modulation and OFDM demodulation. OFDM
communication section i04 transmits & frams
including control information generated in
information generating secticon 103,

20 (o031} Information processing section 105
analyzes uplink information transmitted from
mobile station 200, and outpute the analysis
result to control sectiom 101L.

[oo032] [Configuration of mobile station]

T
o

FIG.4 is a block diagram showing a
configuration of mobile station 200 according to

embodiment 1 of tThe present invention.



5-resource allocation information, In this way, a scheduling information unit included in control
information and transmission data are associated with each other, so that, at the reception side, it is
possible to receive and process the data 10 addressingthereceivingpartybasedon information in the
control information. The structure of control information to be generated in information generating
section 103 will be later described in detail. 15[0030]JOFDM communication section 104 performs
OFDM modrafien-ands@FDM demaralation, OFRMedrhmunicatiencsiection 194 ranshds a frame
including control information generated in information generating section 103.
20[0031]InfereratismpkocestmesetBen105%halyzes dpliflRixfornTtiBR tranSHMEF fidm Adbile station

200, and outputs the analysis result to control section 101. ,[0032]%Config,uration of mobile as,tation]
25FIG.disal5I8kERGRAME b NINg L EdntgurtiBA §Fdhid d&don 3P act5RiIndd> =2

embodimen{]ilogg%%g%ezlr‘l%nﬁ/en io%l.o 8%nérgllsg%tion%0e1¢i@fgrg}gtiorp@@erating section 202, OFDM
03 and’in

communication section ormation processing section 204.1n this 5
contextconyrglgection201,infermatiangeneratngsecting 202 andiinformatian pregessing section 204

perform processes related to the MAC layer, and OFDM communication section 203 performs

processes reklated#a thephysical section 202 and information
procegsing section 204 perform processes related
to the MAC layer, and OFDM communication section
203 performs processes related to the physical

10 layer.

[0033] Control sectiom 201 performs processes
related to the MAC protocol.

[0034] Information generating section 202
generateg informatiomn to be transmitted im an

15 uplink based on control by control section 201.
This information inzcludes at leaset one of
contzel information and transmission data.

[0035] OFDM communication secticn 203 performs
CFDM modulation and OFDM demodulation.

20 [0036] Information procegsing section 204
analyvyzes downlink informaticn transmitted £rom a
communication party (base station 100} based on
control by control sectiomn 201, and ocutputs the
anaiysis result to contrel section 201. That 1is

25 o gBay. information processing section 204
extracts, for example, a scheduling infcermation

unit related to downlink data communication and

[
CIE



10layer. [0033]Control section 201 performs processes related to the MAC protocol. [0 0 3 4
JInformationgeneratingsection202 generates information to be transmitted in an 15 uplink based on
control by control section 201. This information includes at leaset one of control information and
transmission data. [0035]OFDM communication section 203 performs OFDM modulation and OFDM
demodulation. 20[0036]Informationprocessingsection204 analyzes downlink information transmitted
from a comgunjcatien party(hase stationmlOA)ikaseduanicontrekllyscosteol sestion 201, maind outputs
the analysis result to control section 201. That is 25 to say, information processing section 204
extracts, fodexample pascheduding ivformatiam dnitrelbizy tosdoWhltnk @lath orAmentidrién and a
scheduling information unit related to uplink data communication, and outputs these to control section
201. [0037]EStwistle"of 88ntrol information] ~ As described above, information generation section
103 generates control information, to be trar’|§m<i:tt§g|1 Lnr%t_jLownlirE(éFlG 5tshow§ a

controlinformafiohétruct regc%-c%r%:l:‘;n%ﬁ)e © torormation

5 As described above, information generation
section 103 generates contrel information to be
transmitted in a downlink. FIG.5 shows a
control information structure according to
embodiment 1 of”the present invention.

i0 [o038] In FIG.5, control information 300 is
divided into multicast/broadcast =zone 310 and
unicasgt zone 32°0. Multicast/broadcast zZone 310
and unicast zone 320 are formed with congecutive
areas.

15 [0039] Multicast/broadcast zone 310 includes
all of multicast scheduling information and
broadcast scheduling information in the frame in
which this control informatiom 1is transmitted.
In other words, multicast/broadecasgt Zone 310

20 includes all multicast IEs and broadcast IEs in
contrel information 300.

{00401 On the other bhand, unicast =zcne 320
includes all the wunicast scheduling information
in the frame in which this c¢ontrol information

25 is transmitted.

[0G41] Unicast rone 320 has gcheduling

information unit 330 for each mobile station

16



embodiment 1 of the present invention. 10[0038]In FIG.5, control information 300 is divided into
multicast/broadcast zone 310 and unicast zone 320. Multicast/broadcast zone 310 and unicast zone
320 are formed with consecutive areas. 15[0039]Multicast/broadcast zone 310 includes all of multicast
scheduling information and broadcast scheduling information in the frame in which this control
information is transmitted. In other words, multicast/broadcast zone 310 20 includes all multicast IEs

and broadcasgtgEs in conipkinformatian 3001 [0Q40]0mn the etherhand unicast zane 328 o includes all
the unicast scheduling information in the frame in which this control information 25is transmitted.
[0041]Onicasizohe32dhasscrregulihg Infofmation writ 3BD-f@Teactemelsile 8tattont 260.EBaeh
scheduling information unit330 includes area 332 for one MS-ID, area 334 for an indicator of the
number of HEBSehel &fedd 336 For IE3TheliNdidaToT of tfe ndritfer of IS shdWs i numBér of

IE&mmma?an%Es. The indicator of the number of IEs

5 shows the numbery cf IEs included in that
gscheduling information unit 330.
{00421 As for multicast IE and broadcast IE,
every IE contains an MS-ID. This IE format will
also be referred to as .“first format®

10 hereinafter. On the other hand, an MS-ID is not
included in a unicasgt IE, and only one MS-ID is
placed at the beginning of each mobile station
assignment area 330. This IE format will also
be referred to as “second format”‘hereinafte:,

1b {0431 In this way, in umnicast zone 3290,
scheduling information wunit 330 is formed by
placing., for ome M8-ID, a plurality of unicast
IEs together in one TE area 336. Conseguently,
once saheduiiné information unit 330 for mobile

20 station 200 is found out, the unicast IEs for
mobile station 200 are not present in other
areas, 80 that mobile station 200 at the
reception side is able to fimnish the process of
searching for the areas assigned to mobile

25 station 200 at the time of finding out
gcheduling information unit 130 for mnebile

station 200. As a result, compared to the prior

17



scheduling information unit 330. [0042]As for multicast IE and broadcast IE, every IE contains an
MS-ID. This IE format will alsobereferredtoas”firstformat” 10 hereinafter. On the other hand, an MS-ID
is not included in a unicast IE, and only one MS-ID is placed at the beginning of each mobile station
assignment area 330. This IE format will also be referred to as "second format" hereinafter. 15 [00431
In this way, in unicast zone 320, scheduling information unit 330 is formed by placing, for one MS-ID, a
plurality of wtcast ¥8sitegether:i ong 4-area 836 £onsequestly: ence seheduling dnfera@tion unit
330 for mobile 20 station 200 is found out, the unicast IEs for mobile station 200 are not present in
other areasp $o thwat sbbilestationr 200 at thé recrption side isable tofiniphy the protess bbsearching
for the areas assigned to mobile 25 station200atthetimeoffindingout schedulinginformation unit330for
mobile statiBif 0° As Fr2&ult, cbMpardds thé Prior &1t WRIEH RasHeretbiofefatedsita®d a search
of whole contral j:nformation Eis possible to reduce tlgle time for the scheduylin informatig unit search
process, an%l?’iﬁ accordance with g’fh?s? Fedtice th%%ov(/er czoxﬁsun%pciigﬁ b 7€ stafién™20o0.

[0044]Also,an MS;1D is pgtincludeddn.a unicast IE byt j5:Sivated in e begianing area of each

scheduling information unit 330.By _
station 200.
[0044] Also, an MS-ID 1z mnot included in a
unicast IE but is situated in the beginning aresa
of each scheduling informationm unit 330. By

10 this means, even when a plurality of IEs are

included in scheduling information unit 330,
unlike the prior art which hag heretofore
inecluded =an MS-ID din each unicast IE, it 1is

pogsible to reduce the signaling overhesad.

15 [0045] {Embodiment 2)

With embodiment 2, a unicast zone is
divided into a plurality of partial zones
depending on the number of IE=. The

configurations of the bage sgstaticon and mobile
20 staticen according to embodiment 2 are the same

as base station 100 and mobile station 200

according to embodiment 1.

[D046] Information generation secticn 103

generates control information to he transmitted
25 in a downlink. FIG.6 shows a control

information structure according to embodiment 2.

ig0471] Iin FIG.&, control informaticn 400 is

18



10 this means, even when a plurality of /Es are included in scheduling information unit 330, unlike the
prior art which has heretofore included an MS-ID in each unicast IE, it is possible to reduce the
signaling overhead. 15[0045](Embodiment 2) Withembodiment2,a unicastzoneis divided into a plurality
of partialzones dependingonthenumberoflEs.The configurations of the base station and mobile 20
station according to embodiment 2 are the same as base station 100 and mobile station 200 according
to embodiment k. §e046]Infarmmtiorgeneratensectibndda gencsates eantrel infomtation taibe
transmitted 25 inadownlink.FIG.6showsacontrol information structure according to embodiment 2.
[0047]In FI@®Bicontrsl irfermatoni4dO is divided into multicast/broadcast zone 410 and unicast zones
420. [0048]Also, in FIG.6, unicast zones 420 are  divided into two partial zones -bfirsé tlgr;icast 5 zone

420a and sédohl Bhicastddreaooptnr FIG.6, wunicast zones

divided into two partial zones -- first unicast
F zone 420a and second unicast zone 420b.

[00458] In the frame in which control

information 400 is tramsmitted, first unicast

zone 420a includes a scheduling information unit

for mobile station 200, which one unicast IE

10 addresses. The unicast IEs to be mapped in
£irst unicast zone 420a include MS-IDs
respectively (see unicast IEs 422 and 424 in

FIG.6) . That is to say, first unicast zome 42Ca
employs the first format.

15 [o050] On the other hand, in the frame in which
control information 400 is transmitted, second
unicast .zone 420b includes a scheduling
information unit for mobile station 200, which a
plurality of wunicast TIEs address. Similar te

20 embodiment 1, the unicast IEs to be mapped in
second unicast zone 420b do not include ME-IDs,
and only one MS-ID is situated in the beginning
area of each scheduling dinformation wunit 33C.
That is to say., second unicast zone 420b employs

25 the second format,

[0051] As described above, by thus providing

first unicast zone £20a for mapping only a
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[0049]Intheframeinwhichcontrol information 400 is transmitted, first unicast zone 420a includes a
scheduling information unit for mobile station 200, which one unicast IE 10 addresses.The unicast IEs
to be mapped in first unicast zone 420a include MS-IDs respectively (see unicast IEs 422 and 424 in
FIG.6). That is to say, first unicast zone 420a employs the first format. 15[0050]On the other hand, in
the frame in which control information 400 is transmitted, second unicast zone 420b includes a
scheduling dnferenatian unit for mekilemstation 200;uhich aphutatity ofumichstuEs.addriesss Similar to
20 embodiment 1, the unicast IEs to be mapped in second unicast zone 420b do not include MS-IDs,
and only oI S-1Deis situdtid in 2ve bé@idnisgrdred of edeh SdheduRivgriRfdfmatidn uhi 830. That is
to say, second unicast zone 420b employs 25 the second format. [0051]As described above, by thus

providing fifst unfeadt zSrie 4264 fof apphhg 5A & s@edifting informatioh Uit WIsie Shviously has
only one 1I§L,tan ingdicgtgr of:;:[geinun%ber of Ilé%i,rsgots@&?tfgeir_y_ j,pgthig grea By this means, it is

possible to feduce si na?iﬁg Sverhead., 5]:[8052 Also, multicast/broadcast zone 410 is provided
between firstamicast zonex420a and secopd URieasy zone 420bs Ehat istesay, multicast/kroadcast

zone 410 forms the border between first unicast zone 420a and second 10 unicast zone 420b. By this
means, mopitesstati@s 200 Bistherreeeptiol Side is ablentd readity idertifyethe €dd ef firgt mdicast zone
second unicast gzone £20Db. That is to savy.
multicast/broadcast zone 410 forme the border
between first unicast zone 420a and second
10 unicast zone 420b. By this means, mobile
station 200 at the reception side 1is able to
readily identify the end of first unicast zeone
420a and the beginning of second unicast zone
420b wusing multicast/broadcast zone 410 as a
15 landmark.
[6053] Note that, in addition to
multicast/brbadcast zone 410, it is also
possible to provide a zone to include an IE for
special use (e.g. ranging IE] with a
20 predetermined MS-ID, and use this zone as a
unicast zone terminal signal.
[0054] Alse, the order of first unicast zone
42Ca and second unicast zone 420b may be
reversed to place gecond unicast zone 420Db in
25 the front and £first unicast =zone 420a in the
back. Eowever, such order needs to be

determined in advance.
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420a and the beginning of second unicast zone  420b using multicast/broadcast zone 410 as a 15
landmark. [0053]Notethat,inadditionto multicast/broadcast zone 410, it is also possible to provide a
zone to include an IE for special use (e.g. ranging IE) with a 20 predetermined MS-ID, and use this
zone as a unicast zone terminal signal. [0054]Also, the order of first unicast zone 420a and second
unicastzone420b may be reversed to place second unicast zone 420b in 25 the front and first unicast
zone 420a ingthe back. Haweves such:ordes heeds to be determined in advance. [0055](Embodiment
3) Similar to embodiment 2, embodiment 3 also divides a unicast zone into a plurality of partial
zones depending o iirelidumiberto? |IES IEETHR BEfytiratfons of ecrasd Station AndPridtile station
according to embodiment 3 are the same as base station 100 and mobile stath?rn 200 accqrding to

embodimertt 3lf"[‘béf!@'(ﬂl_nfo'?'mati‘éF?dlﬁﬁl@t%\f‘?onsé(‘f’[i"t'_’)ﬁ103°‘1’_© H8&ner&tes Eo]h\’rﬁlai_ drhatior’t ) be
U o tes syt do sppodrent .
mesgzaThe configurations of the base gtation and
mobile station acecording to embodiment 3 are the
same as base station 100 and mobile station 200
according to embodiment 1.
[0056] Information generation section 103

EO generates control information to be tramsmitted
in a downlink. FIc.7 shows a gontrol
information structure according to embodiment 3.
(00571 In FIG.7, control information 500 is
divided 4into multicast/brocadcast zones 510 and

15 unicast zones 520.

[60581] Alsoc, in FIG.7, unicast zones 520 are
divided into three partial zones - Eirst
unicaset zZone 520a, second unicast zomne 520b and
third unicast zone 520¢.

20 [0059] Similar to £first unicast zone 420a
degscribed with embodiment 2, in the £frame imn
which control information 500 4is tranmsmitted,
first unicast zone 520a includes a scheduling
information unit for mobile statiom 200, which

25 one unicast IE addresses.

[00601] Also, in the frame in . which control

information 500 is transmitted, second unicast



[0058]Also, in FIG.7, unicast zones 520 are divided into three partial zones first unicast zone 520a,
second unicast zone 520b and third unicast zone 520c. 20[0059]Similar tofirstunicast zone 420a
described with embodiment 2, in the frame in which control information 500 is transmitted, first unicast
zone 520a includes a scheduling information unit for mobile station 200, which 25 one unicast IE
addresses. [0060]Also, in the frame in which control information 500 is transmitted, second unicast

zone 520b ingwdesspschedulinguinfarnatien uni for anobitersatiom 2Q0r whiel tvo unicast IEs
address. Seocond unicast zone 520b includes scheduling informaitn unit 530 for each mobile 5 station

200.Similaro schedubriglieformation uait 330, 5ehedding imformiaron umirs3vEFctudesBrea 532 for
one MS-ID and area 534 for IE. However, unlike scheduling information unit 330, scheduling
information®i 53¢*does not 16 ﬁwﬁlﬁé‘é’l@n ﬁ‘\i‘}i?’:&térscﬁ therfufhber éf_%é)? SiniriFéFljo‘Ti?s? Binicast zone
L s R o il et are R ot anc o
8 station 200. similar to scheduling information
unit 330, scheduling information unit 5390
includes area 532 for one MS-ID and area 534 for
IE. However, unlike scheduling informatiom unit
330, scheduling information unit 530 does not
10 inelude an indicator of the number of IEs.
Similar to first wunicast zone 520a, informaitn
about the number of 1IEs is agssociated with
second wunicast zone B520b itself, and so it is
not even necessary to include an indicator of
15 the nunber of IEs. By this means, it is
possible to reduce signaling overhead.
[ooel} Aleo, in the frame in which ceontrol
information 500 is transmitted, third unicast
zone 520¢ includes a scheduling information unit
20 for mobile station 200, which egual to or more
than three unicast IEs address.
[coe621l By thus providing three wunicast zones,
mobile staticonm 200 at the reception side is able
t+o further mnarrow the areas in which mobile
25 station 200 has to éearcﬁ for its own M28-ID, B0

that, ag a result, it is possible to further

reduce the processing time and power consumption
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possible to reduce signaling overhead. (0061]Also, in the frame in which control information 500 is
transmitted, third unicast zone 520c includes a scheduling information unit 20 for mobile station 200,
which equal to or more than three unicast IEs address. [0062]By thus providing three unicast zones,
mobile station 200 at the reception side is able to further narrow the areas in which mobile 25 station
200 has to search for its own MS-ID, so that, as a result, it is possible to further reduce the processing
time and pawer eonsymptiop +of mpbile stagien 200. [0063]Also, multicast/broadcast zones 510 are
divided into first multicast/broadcast zone 510a and second multicast/broadcast zone 510b.First
{0063] dlso, multicast/broadcast zones 510 are

divided into first mnulticast/broadcast zone 51Ca
and second multicast/brcadcast zone 510b. First

multlicast/broadcast ZOone 510a and second

(52}

multicast/broadecast zone 510b are provided
between first unicast zone 5202 and second
unicast zone 520b and between second unicast
zone 520b and third unicast zone 520¢,
10 respectively.
[0064] By this means, mobile station 200 at the
reception side is abie to readily identify the
beginning and end of unicast =zomes 520 using

multicast/broadcast zone 510 as a landmark.

15 00651 Note that, in addition ta first
multicast/broadcast Zone 510a and second
multicast/broadcast Zone 510b, it is also

possible to.provide a zone to include an IE for

gpecial use {e.g. ranging I8) with a
20 predetermined MS8-ID, and wuse thies zone as a

unicasﬁ zone Terminal signal.

[0066] Also, the order of first unicast zone

520a, second unicast zone 520b and third unicast

zone 520¢c may be recrdered. BEowever, the order
25 needs to be determined in advance.

(00671 {(Embodiment 4}

With embodiment 4, unlike embodiment 2 and

23



multicast/broadcastzone510aandsecond multicast/broadcast zone 510b are provided between first
unicast zone 520a and second unicast zone 520b and between second unicast zone 520b and third
unicast zone 520c, 10 respectively. [0064]By. this means, mobile station 200 at the reception side is
able to readily identify the beginning and end of unicast zones 520 using multicast/broadcast zone 510
as a landmark. 15[0065]Notethat,inadditiontofirst multicast/broadcastzone510aandsecond
multicast/broadcastz@neh t0b,itisalso possikle tocfrevidery/ zone sasinelude an ¥ofpe is
specialuse(e.g.ranginglE)witha 20 predetermined MS-ID, and use this zone as a unicast zone terminal
signal. [0068}ATsbdthd ordérmof first umigast 2ohes 1520 saEcdad unteast zoneB2eistaraisthird unicast
zone 520c may be reordered.However, the order 25 needs to be determined in advance.

[0067](Embo8ffeRt4) With eRBSUTTHeht 4 WURlike BRBSH AT 9Bnd Ssction

generates control information to be transmitted

wl

in a downlink. FIG.8 shows a control

information structure according to embodiment 4.

[00635] Referring to FIG.8, control information

600 is divided into broadcast zone 610,

nulticast zone 620 and unicast zones 420.

10 00703 Broadcast zone 610 1s present at the
beginning o¢f control information 600. By this
meansg, it is possible to provide an information
structure that complies with a protocol that
reguires .placing broadcast scheduling

ib information 4in the beginning area of control
infermation (e.g. IEEE B802.16e}.

{071l aAlso, multicasgt zone 620 1=z present
between first unicast zone £420a and second
unicast zone 420b. By this means, mobile

20 station 200 at the reception side is able to
readily identify the end of first unicast zone
420a and the beginning of second unicast zone
420b using multicast zone 620 as a landmark.
[og72] Also, no area where broadcast zone and

29 multicast zone are present together iz provided,

broadcast zone 610 and multicast zone 620 are

each provided as an independent zone. By this
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embodiment 3,a multicast/broadcastzone is dividedinto multicastzonesand broadcast
zones.Informationgenerationsection103 generates control information to be transmitted 5
inadownlink.FIG. 8showsacontrol information structure according to embodiment 4. (0069]Referring to
FI1G.8, control information 600isdividedintobroadcastzone610, multicast zone 620 and unicast zones
420. 10E00703Broadcast zone 610 is present at the beginning of control information 600. By this
means, it isgpossible toqrevideandnfermatianestrociure hakcompliesarith agpeateoohthatrequires
placing broadcast scheduling 15 information in the beginning area of control information (e.g. IEEE

802.16€). [B@M 1Als0, nauitichsteone 82is pretent bBveer firseuntchstzoné 420 and%Second

unicastzone 420b.By this means,mobile .
reduced. That is to say, 4iEf, for example, an

address notaticn c¢omplies with IPv4, the last

5 eight bits in a broadcast IP address becomes all
17e and the first 4 bits in a multicast IPF
address become 1110. Conseguently, when
broadecast =zone and multicast zone are present
together 4in the same area, mobile station 200

10 might be able to identify between broadcast and
multicast only wupon loocking at the £first four
bits or the last eight bits. Meanwhile, 1f =a
broadcast zone and & multicast zone are
separated and their order is determined as with

15 +the present embodiment, it is possible to reduce
the load of the process of zone search in mobile
station 200 by £irst carrying out & search by
focusing on a charascteristic point of an IP
address of the zone to show up first and then

20 switching that characteristic point to search

for to that of the other zone.
[0073] (Embodiment 3)

With embodiments 2 to 4, a non-unicast zone

ig arranged between the first unicast =zone and

2b the second unicast zone. EBY this.means, a mobile
station at the receptiomn side is able to readily

identify the end of the £first unicast zZone and

2
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20 station 200 at the reception side is able to readily identify the end of first unicast zone 420a and the
beginning of second unicast zone 420b using multicast zone 620 as a landmark. [0072]Also, no area
where broadcast zone and 25 multicast zone are present together is provided, broadcast zone 610
and multicast zone 620 are each provided as an independent zone. By this means, the load of the
process of zone search in mobile station 200 at the reception side is reduced. That is to say, if, for
example, apmddress gatationrogmplies withd Pvd ethe last eight bitsimta broadoast i dddgess
becomes all I's and the first 4 bits in a multicast IP address become 1110. Consequently, when
broadcast Zome and multicabE2oRéE afeREsentttodethet i #Hrsalne area, mobile station 200 10 might

be able to identijy between broadcast and multicast oni%/, L%&)Oh L‘ooking at the first four bitg or the last
eight bits. Mdahivhile, if a Bb&dcETAREIhdamTliSRtbReare seghtated ahd Their' oradris

determined_as with 15 the bresent embadiment, it is possiblg joredyce he laad:of the pracess of zone

search in niobiie station 200 by first carrying out a search by focusing on a characteristic point of an IP
address of the zgne. 19 shQw wafirstand dien 20 switching ghat characteristic point to search for to that

of the other zone. [0073](Embodiment 5) With embodiments 2 to 4, a non-unicast zone is arranged
between the first Bnicastl zone arch 25 the sdcoad aricast zoae.Bylio méartsi @ mbbile
Unlike the systen explained in the
background art part, with this system, there are
cases where an MS-ID 4is not reported expressly

i0 and =a CRC (Cyeclic Redundancy Check) part 1is
masked by multiplying the CRC part included in
each IE by an MS-ID. A mobile staticm at the
reception side decodes an IE and calculates an
exclusive OR of the CRC paxrt using its own MS-

15 ID. Tf the CRC check result is “0K,” the mobile
station determines that the IE addresses itself,
and receives data wusing that IE. The mobile
station then has to try éecoding_all Ehe IEs to
icok for an IE addressing itself.

20 [oo76] Furthermore, in this system, a plurality
of resource sizes and MCSs {Modulation and
Coding Schemes) are prepared each, to report an
IE to a mobilile station. For example, two
resource sizes {1 MLRTU {MAP Logical Regource

95 Unit) and 2 MLRU) and two MCS8s (QPSK 1/2 and’
QPSK 1/8) are prepared. Then, the combipnation

of regource size and MCS to be applied toe an IE



station at the reception side is able to readily identify the end of the first unicast zone and the
beginning of the second unicast zone using the non-unicast zone as a landmark. [0074]The present
embodiment presumes using control information having a different structure from those of
embodiments 2 to 4. [0075][Conventional system as precondition] Unlike the system explained in
the background art part, with this system, there are cases where an MS-ID is not reported expressly

10 and a CRe Cyslic Redundancy Chegk) parkis fnasked by smultiplyng tbe GRG partdagluded in
each IE by an MS-ID. A mobile station at the reception side decodes an IE and calculates an exclusive
OR of the GRG: patt usngpts owa /St 15 tD. HalehCRE ohdék resulsis "OK," the mobile station
determines that the IE addresses itself, and receives data using that IE. The mobile station then has to
try decoding &If thé 1Es to look-fbE & IE addhesSifg itsélfs 20[0076ftftherntbte? thethis s§tem, a
plurality of resource sizes and MCSg (Modulation and Codin% Schemes) respregared ggch, to report
an IE to a nTobite &dffon™ £t BxaMple, fworesource sizes CrMLRBIMAP L BgicaMResotifce 25 Unit)

and 2 MLRY) anddwg MESS (QRIK 1/2 QQ%EQE’@S 1/8) gre prgpated. Thep, the gambination of
resource size and MCS to be applied to an IE may be changed per destination mobile station, based
on propagatienspathneondidiens. (077 ]Alse thergarefoukindsal four groups and
included and furthermore the number of IEs is
inclu&ed per group {see FIG.9%, which illustrates
a case where there are N types of groups}. By
10 this means, a mobile stationm fto receive control
information is able to reduce the numbexr of
times the mobile statiocn has to try performing
decoding in order to loock for an IE addressing
the mobile station.
16 {co78]1 However, as shown 1in FIG.S9, IEs are
placed in the area referred to as “user speéific
MaP" and the numbers of IEs per group are placed
in the area referred to as “non-user specific
MAP . " Conseguently, by providing this non-user
20 specific MAP, compared to the system described
in the background part, this system has the
problems of increasing the overhead and
decreasing the total throughput.
[o079] [Configurations ¢ £ base station and
25 mobile station according to embodiment 5]
The base station and mobile station

according to embodiment 5 have the same basic
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combinations of resource size and MCS in the above-described example, so that, in control
information, IEs are sorted in four groups and included and furthermore the number of IEs is included
per group (see FIG.9, which illustrates a case where there are N types of groups). By 10 this means, a
mobile station to receive control information is able to reduce the number of times the mobile station
has to try performing decoding in order to look for an IS addressing the mobile station.
15[0078]Hawexeri aushwwn émfdG. %, 4ES hreplaced trathel area raferted torad "userlspacific MAP"
and the numbers of IEs per group are placed in the area referred to as "non-user specific MAP."
Consequengl$, by brovidhg this serruséd ZspeificeMRP, €6MmparEd t the system described in the
background part, this system has the problems of increasing the overhead and decreasigg the total

throughput. {887 onfiguratibrisdi badestdtion #h8™28 Tridbife”Hation®£cEdrdiRg to embodiment 5]

ThebasestationandQggilestatigg_ggco ding %Lofergkg‘pgme(gt; h@ge t@eesa@g Qﬁ%‘ﬁ; i:gngiggrations as

base statior? 100 and mobile station 200 accor(%ng to embodiment 1.

[0080]Informatioggengratingsadtion108 genesates,coatral intosmation jo bedrepsmitied 5 i a
downlink. To be more specific, information generating section 103 first groups IEs based on the IE
type. The I ype iefars tog fosexamplenthe 6ambinatiertof pesourpes siZe¥and MECS: thformation
generating section 103 10 separates an assignment area per group and places IEs in control
information tRstherhdbre, ivaneassignmért rea%dr ana¥bifary grédp Mformé&ton gerfét&ting section

103 separates a unicast IF assignment area and a non-ugicast IF 15 assignment area an%places IEs.
example, the combination o resourc size an

MCS. Information generating gsection 163
10 separates an assigunment area per group and

places IEs in control informaticn. Furthermore,

in an assgignment area for an arbitrary group,

information generating section 103 separates a

unicaét ITE assignment area and a non-unicast IR
15 assignment area and places IEs.

foosil Istructure of control informationl]

FIG.10 shows a structure of control
informaticn according to embodiment 5. In
FIG.10, the IEs are arranged in the order of

20 group 1{(G) ., . group N{Gg). and included in
control dinformation. Alsc, in an assignment
area for an arbitrary group, IEs are placed in
the order of a unicast IE and then a Dbroadcast
IE (which is a kind of a nomn-unicast IE}. That

Z5 is to say. in an arbitrary group, a unicast IE
forms one subgroup (SG} and a non-unicast IE

forms the other subgroup.
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[0081][Structure of control information] FIG.10showsastructureofcontrol information according to
embodiment 5.In FIG.10, the IEs are arranged in the order of 20 group 1(G1),group N(GN), and
included in control information.Also, in an assignment area for an arbitrary group, IEs are placed in the
order of a unicast IE and then a broadcast IE (which is a kind of a non-unicast IE).That 25 is to say, in
an arbitrary group, a unicast IF forms one subgroup (SG) and a non-unicast IF forms the other
subgroup. preses gmbodirent. Loptiol infaxmatiandes &N IE assighyentarea per greue
-corresponding to the IE type.In each group's IE assignment r a area, a unicast IE assignment area and
a nonunicagt He assignment hred aresseparatedant ardngednrf a givertdrder. has an

IE assignment area per group corresponding to

the IE type. In each group’'s IE assignment

[}

area, & unicast IE assigonment area and a non-
unicast IE assignment area are separated and
arranged in a given order.
[06083] By this means, a non-unicast I8
assigument area of the first group or a second
10 group is provided between a unicast IE
agssignment area of the first group and a unicast
IE assignment area of the sevond group .
Conseqguently, a mobile station at the reception
side iz able to readily identify the end of a
15 unicagt IE assignment area of the £first group
and the beginning of a unicast IE assigoment
area of a second group usging a non-unicast IE
agsignment area as a landmark,. That 1is to say.
by adopting this contreol information structure,
20 unlike the conventicnal system such as described
earlier, it i8 not necessary to provide a non-
ugser specific MAP and therefore is possible to
reduce overhead.
[0084]} (Embodiment 6)
25 A case has been aggumed with embodiment 5
where a mnon-unicast IE is included in 4each

group . By contrast with this, embodiment 6 is
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[0083]Bythismeans,anon-unicastlE assignment area of the first group or a second 10 group is
provided between a unicast IE assignment area of the first group and a unicast IE assignment area of
the second group. Consequently, a mobile station at the reception side is able to readily identify the
end of a 15 unicast IE assignment area of the first group and the beginning of a unicast IE assignment
area of a second group using a non-unicast IE assignment area as a landmark. That is to say, by

adopting thig certol iatormagon strugtsee: 2 unlikextire convantienal sysier such:ae dessribed
earlier, it is not necessary to provide a nonuser specific MAP and therefore is possible to reduce
overhead. [0084)(Embadimerit §5)25A sase has bean assumed with erhbddirgent 5 where a
non-unicast IE is included in each group.By contrast with this, embodiment 6 is directed to a control
information'$Bdctiité th tHeventihdre RRGrGup FBEdoh&ming Bi®ARunftast T erhé Basc
configuration of the base statiog and mo%ile station actcorging to5 ergl:c)jocdén}e {6 are th same as in
embodiment %.a[ﬁds_%fSimila? o embo%f?ne%%ﬁinforrﬁatﬁ)n Ageﬁleratingsectlon (}fg%neratescontrol

information 1q be transoitted in a,downlink, Tq,he,more specific.Jpfgmatign.generating section 10 103
first groups IEs based on the IE type. Then, information generating section 103 separates an
assignment pgengrer groupsaing plages IEs 4 canirelddfanmnatian. Ferthermare oip A8 assignment area

for an arbitrary group, .
generating gection 103 generates control
information to be tramsmitted in & downlink. To
be more specific, information generating section
1G 103 first groups IEs based on the IE type.
Then, information generating section 103
separates an assignment area per group and
places IEs in control information. Furthermore,
in &an assignment area for an arbitrary group.,
15 information genmerating section 103 separates a
unicast IE assignment area and a non-unicast IE
agsgignment area and places IEs,
[oosge] Furthermore, information generating
section 103 places information about the numbet
20 of unicast IEs of groups not including non-
unicast IEs, in a non-user gpecific MAP. Also,
information generating section 103 places
information about groups not including =non-
unicast IEs 1in a non-user specific MAP. This
25 group-related information is provided im, for
example, bitmap format.

[0087] FIg.11 shows a contraol information
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15 information generating section 103 separates a unicast IE assignment area and a non-unicast IE
assignment area and places IEs. [0086]Furthermore,informationgenerating section 103 places
information about the number 20 of unicast IEs of groups not including nonunicast IEs, in a non-user
specific MAP.Also, informationgeneratingsection103places information about groups not including
non- unicast IEs in a non-user specific MAP.This 25 group-related information is provided in, for
example, béraapsfermat. 4008746 A& Shayvs aeontrekibferdbiiem structure accarding tozembodiment
6.FIG.11 shows a control information structure in the event N is 4.In FIG.11, G2 and G4 do not include
non-unicasslEs ¥Gonsequenthy Fermatidrivé e 26-¢grodps ot melgdingtrfonuditast FReis placed in
the non-user specific MAP. In this context, whether or not a nonunicast IE is present in an arbitrary
group is refi&&hted BY thé Bit vAlue 1 o ThEk%rd 10 fouPgroupd i thid contt, sB&%bit map is
comprised of four canstituent bits. When the kth constituent bit in the bit map.i iated with group
k, if G2 and' G4 our%o? includ%on%ﬁﬁlntfcjégta]ﬁsg the bi?rgngﬁ is formed W@tﬁ% ﬁ%é%ségq%% ce of 0101.

[0088]BY thispeans, evenwhendhe/e IS® to groups mnot including non-
unicast IEs ig placed in the non-user specific
MAP. In this c¢context, whether or not a non-
unicast IE is present in an arbitrary gzroup is
represented by the bit wvalue 1 or 0. There are

10 four groups in ¢this context, so a bit map is
compriged of four comnstituent bits. When the k-
th constituvent bit in the bit map is associated
with group k, 1f G and G, do net include non-
unicast IEs, the bit map is formed with a bit

15 seguence of 0101,
iposs8] By this means, even when there i3 a
group mnot inecluding a non-unicast IE, a mnmobile
station at the reception side is able to readily
identify +the beginning and end of each group’'s

20 agsignment area. Also, given that cnly
informatimn,about the number of IEBs for groups
not including non-unicast IEs is placed in the
non-ugser gpecific MAP, it is possible to reduce
the overhead compared to the conventiomal system

28 described in embodiment 5. Also, compared o
the conventional system described above with

embodiment 5, although information about groups
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group not including a non-unicast IE, a mobile station at the reception side is able to readily identify the
beginning and end of each group's 20 assignment area. Also, given that only information about the
number of IEs for groups not including non-unicast IEs is placed in the non-user specific MAP, it is
possible to reduce the overhead compared to the conventional system 25 described in embodiment 5.
Also, compared to the conventional system described above with embodiment 5, although information

about groupse Rotindudingu@nwgicastzsneedsiodeprovidggadditignad\s ghe nymber pkbits is just
the same as the number of groups, and this has little impact on the increase of overhead.
[0091](Embopdintentd®d d  FhelpredentembBagdiment presumastthat:a basé statidrttsansinits a signal
using a plurality of carriers. [0090][Conventional system of precondition] 10 In this system, for
example, ad 8fotvn PG 82 2%adSstdtiBf traheMR$ A sighal B Bfuralifydfcafrietss The
plurality of %aéréerstlrigg%dleea pirimagy g?rrier a secqndgrzy carriers. @II contéorl énéqar@?tion Is 15

? . m [ud en =1 JTm F ase ﬁ oV
transmitted USing the primary ‘carfier. Then, control information for tA€ primary carrier is reported as a

basic assignmgeny 15, whilg gentralinformatign for the secondary carriers is
reportedasanMCassignmentlE.Basic 20 assignmentlEandMCassignmentlEare transmitted as one set
by a primary carrierrhe present embodiment presumes that a base
station transmits a signal wusing a plurality of
carriers. |
[0090] [Conventional system of precomndition]
10 In this system, for example, =as shown in
FIG.12, a base station tramnsmits a signal using
a plurality of carriers. The plurality of
carriers include a primaﬁy carrier and secondary
carriers. All contrel information is
L5 transmitted uwusing the primary carrier. Then,

control information for the primary carrier ils

reported asg a basic assignment IE, while control

information for the secondary carriers is
reported as an MC assignment ITE. Bagic
20 assignment IE and MC assignment IE are

transmitted as one sBet by a primary carrier.

f[oogsl) By this means, the primary carrier
trangmits all the single carrier IEs and
multicarrier IEs. In this case, as shown in

25 FIG.13, single carrier IEs and multicarrier IEs
are tramnsmitted randomly. Conseguently, when

thig information structure ig adopted, even when
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[0091]By this means,the primary carrier transmitsallthesinglecarrierlEsand multicarrier IEs.In this case,
as shown in 25FIG.13, single carrier IEs and multicarrier IEs are transmitted randomly.Consequently,
when this information structure is adopted, even when signalforagivenmobilestation transmitted by
singlecarrier,itisstill necessary to decode all the IEs. [0092]To reduce the load of a mobile station o at
the reception side,for example,it is possibletoadoptthecontrolinformation structure shown in
FIG.14.Thajis tosay drkthe argavaalled dusergpeciic MARSWhItRIS =station is
differentfromtheareacalled"non-user

transmitted by single carrier, it is gstill

necessary to decocde a2all the IEs.

[oocez] 70 reduce the load of a mobile station

5 at the reception side, for example, it is
possible to adopt the control information
structure shown in FIG.14. That 18 to say, imn
the area called “user specific MAP,"” which is
different from the area called “"non-~user

10 specific MAP,” a single c¢arrier IE arrangement

area and a non-single carrier IE arrangement
areas are placed apart. The number of IEs and
the 1ike are placed in the mnon-user specific
MAP.

15 [0093] By this means, when a signal addressing
a given mobile station is transmitted by single
carrier, that mcbile station has only to decode
single carrier IEs and therefore is able to
reduce the number of attempts to search for IEs

20 addressing that mobile terminal.

[C084] However, by providing this non-user
specific MAP, compared to the system described
in the background part, this syﬁtém has the
problems of increasing the overhead and

25 decreasing the total throughput.

[0095] [Configuraticn of base station and

mobile station according to embodiment 7]
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10 specific MAP," a single carrier IE arrangement area and a non-single carrier |IE arrangement area
are placed apart. The number of IEs and the like are placed in the non-user specific MAP. 15[0093]By
this means, when a signal addressing a given mobile station is transmitted by single carrier, that
mobile station has only to decode single carrier IEs and therefore is able to reduce the number of
attempts to search for IEs 20 addressing that mobile terminal. [0094]However, by providing this
non-user specific MAR; compared to the systeimaescrikzes dn thembatkyiotind part, His. system has the
problemsofincreasingtheoverheadand 25 decreasing the total throughput.
[0095][Condiguratioddfbasestationambmdsie station AccdrdiMgto sfSodifmertsy] Pasic
Thebasestationandmobilestation according to embodiment 7 have_the same basi %n{iguerations as

13

cc
base statiofi 206 &rftirEG0Hé Sfffon 200 adBfifhg B eAbddifend® ¢ 2nrd ®o

[0096]Informationgeneraztig%segtéog%OrBd%eQeraEeg control igfg;&r%aéign to be transmitted in a downlink.

To be moressfp%(f‘i & thidimation generatmg%ectlon 16 fc|>rst groups IEs based on the IE type. In this’

ComB%th@%ﬂ@] Information generating section 103
generates control informatiom to be transmitted
in a downlink. To be more specific, information
generating section 103 first groups IEs based on
the IE type. In this context, the IE type

10 refers to, for example, the combination of the
type of single carrier or multicarrier and the
type of unicast I1E or non-unicast IE.
Information generating section 103 geparates an
agsgignment area per group and places IEs in

i85 controel information. Furthermore, in an
assignment area of a group of the single carrier
type., information generating section 103
separates a unicast IE assignment areé and a
non-unicast I® assigament area and places TEs,

20 [g097] {structure of control information]

FIG.15 shows a control information
structure according to embodiment 7. In FIG.15,
the IEs are arranged in the order of a =single
carrier group and them a multicarrier group, and

included in control information. Also, in an

62
o

assignment area for a single carrier group, IEs

are placed in the order of a unicast IE and then
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10 refers to, for example, the combination of the type of single carrier or multicarrier and the type of
unicast IE or non-unicast IE. Information generating section 103 separates an assignment area per
group and places IEs in 15 control information. Furthermore, in an assignment area of a group of the
single carrier type, information generating section 103 separates a unicast IE assignment area and a
non-unicast IE assignment area and places IEs. 20[0097][Structure of control information]

FIG.15showsagonyglinfqrmation strucie agcording 40 emhediment 7 Infd@.15.4he:lEs are arranged
in the order of a single carrier group and then a multicarrier group, and included in control information.

Also, in an assjgnmenttesea farsa singlescagrier groups |Es iregilaced mthelgrder @k & wyicast IE and
then a broadcast IE (which is a kind of a non-unicast IE). That is to say, in a single carrier group, a
unicast |E férm3 BAE SubgrodF (SEY aftFa rfoRBnicESPIE ¥orh® thd 8ther stiBgtoud. FRIES 5 here
include both a basic assignment.lE and a non-basic assignment IE. A basic assignment IE is an

information BRHEASr a t&gulardalehanhél. AToR Hasic RESGHHEAPIE is, fdrekanple a
group-gpecifig information glgment, 4Q an IE fog,reparting 2 groug-speciic infognatgp.eleqent

component, and an IE for a channel other than a regular data channel such as persistent allocation.
[0098][Recei\¥ng-aGessingz Mokilerstation] 1& Conteol infarsnationssiyycelyred as desearibed above is

transmitted from base station and received in mobile station 200. [0 09 9
1FIG.16illustratesprocedsimyirrimfatniation protessimgsection204220[0E0DHA step $18Gls information
processing section 204 performs a CRC check per control information IE. [0101]In step $1002, when a
CRC check3éstpnel - A non-basic assignment IE ie, for
example, a group-specific information element,

14 an IE for reporting a group—specifia'information
element component, and an IB for a channel other
than a regular data channel such as peasrsistent
allocation.
focssl [Receiving procesgsing in mobile station]

15 Contrecl information structured as described
above is transmitted Erom base station and
received in mobile station 200.

{oo9sl} PIG.16 illustrates procesging in
information procegsing section 204.

20 [o100] In step 81001, information processing
section 204 performs a CRC check per control
information IE.

o101} In =step 8281002, when a CRC check result
ig determined to be “OR” (“YES”") as a result of
a5 demasking the CRC part using broadcast

identification information, this IE is detected

as the beginning of amn area where a single



is determined to be "OK" ("YES") as a result of 25 demasking the CRC part using broadcast
identification information, this IE is detected. as the beginning of an area where a single carrier and
broadcast IE group is placed (that is, SG2 in FIG.15) (step $1003). If the CRC check result is
determined to be "NG" ("NO"), the process of step $1001 is repeated. [0102]In step$1004,a
CRCcheck for a subsequent IE is performed. [0103]In step $1005, when a CRC check result is
determinedda be ING" ("DDd) a® a sastlt efdemaskingthe€RE pattasingbroadcast 16 Ihentification
information, this IE is detected as the beginning of an area where a multicarrier IE group is placed
(step $10072)=[0104]f stebr$1085,Gvhe R & CRG &tk réstift BBidkterminédto B OK'YRES") as a
result of 15 demasking the-CRC part using broadcast identification information, whether or not this IE
is a multicafrRef adsigrnfieht fetis defided Ft&FE1DBE) “0185)WIHEh a milfficarriér Astighrnent IE is 20
identified (step 51006: "YES"), this IE.is idengifi s the beginning of the area where a multicarrier IE
group is pla%%e% (s?erpoﬁﬁgﬁ P zfn Iﬁﬁseiaerrl% Ingdo r?'ot ﬁ)%be%;er‘ﬁuﬁtlgcgﬁigr’assignment IE (step S1006:
"NO"), she pracess of 25stepp10Q4Aig iepeafetho4, a cRC  check for a

subseguent IE is performed.
[0103] In step 81005, whenm a CRC check result
is determined toe be “NG” (“"NO”) as a =result of
demasking the CRC part using broadcast
10 identification information, this IE is detected
as the beginning of an area where a multicarrier
IE group is placed {(step S1007).
[0104] In step 81005, when a éRC check result
igs determined to be “WOR” (“"YESY) as a result of
15 demasking the CRC part using broadcast
identification information, whether or not this
IE 48 a multicarrier asgsignment IE is decided
{step 581006} .
[06105] When a multicarrier asgsignment IE isg
20 identified ~ {(step 831006 “YES"}, this TE is
identified as the beginning of the area where a
mnulticarrier ITIE group is placed {(gstep BLl0OO07).
If an IE is identified mnot to be a multicarrier
assignment IE (step S1006: “NO"), the process of
25 step 81004 is repeated.
[0l106] As described above, according to the

present embodiment, control information has an
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[0106]As described above, according to the present embodiment, control information has an IE
assignment area per group corresponding to the IE type. In an assignment area for a single carrier
group, a unicast IE assignment area and non-unicast IE assignment area are separated 5 and
arranged in a given order. [0107]Bythismeans,anon-unicastlS assignment area of a single carrier
group is provided between a unicast IE assignment area of a single carrier group and an IE
assignmentareadp of. g mukiearrieragreu. Corsequgnttyng mobile statiop atthé rareption side is
able to readily identify the end of a unicast IE assignment area of a single carrier group and the
beginning ¢f & IEL&SsigaTAENt archDf & Mulidafric? §HAE 5 Fsiiy® nbA-TiniBast FE™&LiBnment area
of a single carrier group as a landmark. That is to say,ﬁté%/ ado ting%this control information_ structure,

T,

unlike the cORVENtiGal sJ&t8MBrchhs Hestfge arfidr, it Fot REERESTY 1826 Provide a non-user
specific MAP and therefore is possiblg to feduge,overiead. [D1Q8I(Ehqdimeats) ot eq

5 and arranged in a given order.
[01071 By this means, a non-unicast IE
assignment area of a single carrier group is
provided between a unicast IE assignment area of
a singie carrier group and an IE assignment area
109 of a multicarrier group. Conseguently, & mobile
station at the reception side_is able to readily
identify the end of a unicast IE asgsignment area
of a single carrier group and the beginning of
an IE assignment area of a multicarrier group
15 wusing a non-unicast IE assignment area of a
single carrier group as a laandmark. That 1is to
SAaYy, by adopting this control information
structure, unlike the conventional system such
as described earliexr, it is not necessary to
20 provide a non-user specific MAP and therefore is
possgible to reduce overhead.
[o108] {Embodiment 8)
With embodiment 7, a mobile station detects
the first “basic assignment IE"™ in a
25 multicarrier group and by this means identifies
the border between a single carrier group and a

multicarrier group. The e¢riterion for detecting
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With embodiment 7, a mobile station detects thefirst"basicassignmentlE"ina 25 mul icarrier group and
by this means identifies the border between a single carrier group and a multicarrier group. The
criterion for detecting thefirst"basicassignmentTB"ina multicarrier group is, for example, whether or
not an IE subject to detection is a broadcast IE or a multicarrier assignment IE. Whether or not 5 an IE
that is subject to detection is a multicarrier assignment IE is useful when the basic assignment IE
placed at therbgginnirgiaf @nulticamiarsgreup is akreadeastdk. §0109]Bg contrast avith this, with the
present 10 embodiment, in a single carrier group assignment area, an IE that is a non-basic
assignmentE hhd thatig dle a [sroadeast IEds asdigiied immrediaieybeftire @trifticar®ér group

allocation area.By this means, switch from a 15 non-basic assignment IE to a basic ass

be used as HRtcrieRor8r detRiffthe f8t "BfsktigMfent fE" A iRt afiglfdro

iL?anment IE can

[0110][Confg)gjlfjrationofbfg%séaéignmd 20 mobile station gccg}zgi_ng tqq%rg odiment8] _ JThe base
ave the same

. . in
station and Triobife station a\ccord?"ﬁn:’getor embodintent § h

station£100 2pd mehie statipn:200 aceordigg tosembodiment 1. detection
25[0111]Informationgeneratingsection103

is

multicarrier assignment TIE is wuseful when

asic configurations as base

a

the

basic assigmnment IE placed a2t the beginning of a

multicarrier group is a broadcast IE.

[01039] By contrast with this, with the present

10 embodiment, in a single carrier group assignment

area, an IE that 1is a unon-basic assignment

IE

and that 4is also a broadcast IE 1is assigned

immedliately before a multicarrier

group

allcoccation area. By this means, switch from a

15 non-basic assignment IE to a basic assignment IE

can be used as the c¢riterion for detecting the

firgst “bhbasic assignment IE” in & multicarrier

group .
1101 [Configuration of base station and
20 mobile station acecording t¢ embodiment 8]
The base station aad mobile station
according toe embodiment 8 have the same basic

configurations as base station 1100 and mobile

station 200 according to embodiment 1.

25 [o111] Information generating =section

103

generateg control informationm fto be tramsmitted

in a downlink. To be more specific, information



generates control information to be transmitted in a downlink. To be more specific, information
generating section 103 first groups IEs based on the IE type. In this context, the IE type refers to, for
example, the combination of the type of single carrier or multicarrier, the type 5 of unicast IE or
non-unicast IE, and the type of basic assignment or non-basic assignment. Information generating
section 103 separates an assignment area per group and places IEs in control information.
Furthermore cin ar 4@ assignmentateanof & §roud dftse singlecoaprier tYFes informeatibn ganerating
section 103 separates an IE that is non-basic assignment and that is a non-unicast IE assignment
area, and otHee assidhment Breas, and-ptacet #isS 150 2R Stlcture bFGntrdBEnfoln¥aRidn]

FIG.17showsastructureofcontrol information afcording to embodi@ent 8EIn FIG.lg the |ES are
arranged in‘tfie 5&r of £ singleCarri& SR 2Rd th&E muitRERiEFZ0 grSUp, and indliided in control

information, A13Q, i”o?goatﬁii%&eé‘t arga foy @ single cayiier group.,JES are plaggglin the.prder of a

t
basic assignr% nt IE a unicast IE and a nonunicast IE), a non-basic assignment and unicast 25
|E,andthenanon-basicassignmentand brpadcashlE Jhatds to 8ay,ia asingle sartgrusoup A

non-basicassignment,non-

basic agsignment ornr non-basic assigunment.
Information generating section 103 separates an
assignment area per gJgroup and placeg IEs in
control information. Furthermore, in an

10 assignment area of a group of the singlé carrier
type, infermation generating section 163
separates an IE that is non-basic assignment and
that 18 a non-unicast IE agsignment area, and
other assignment areas, and places IEs.

18 foii2] [Structure of contrel information]

FI¢.17 shows a structure of control
information according to embodiment 8. In
FIG.17, the IEBEs are arranged in the order of a
single carrier group and themn &a multicarrier

20 group. and included in control information.
Also, in an assignment area for a single carrier
group, IEs are placed in the order of a basic

assignment IE (botk & wunicast IE and a non-

unicast IE), a non-basic assignment and unicast
25 IE, and then a non-basic assignment and
broadcast IE, That is to say, in &a single
carrier group, & nen-basgic assgignment, non-
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unicast IE forms the subgroup to be placed immediately before a multicarrier group. Furthermore, in an
arbitrary set as described above, IEs are placed in the order of a basic assignment IE and then a
non-basic assignment IE. That is to say, at the beginning of an assignment area of the multicarrier
group type, information generating section 103 places a basic assignment IE. 10[0113][Receiving
processing at mobile station] Control information structured as described above is transmitted
from base statlonzl96 to mebile Stations200t [9&14]FIGHSHestmtessrocessifgin RIigfémshtion
processing section 204. [0115]In step 92001, information processing section 204 performs a CRC
check per donti6ldrifgrinafion IE. [BELBRF &ep SFP002, vhEr & EREIChé& result 26 RHRtermined to

be "OK" as a result of demasking the CRC part (Ef atcggcxlg targgtelg uscjing br%adca%t i%g E'kfication
informatiorfahtl 1 chB & Bryet s idehtifiéd ©© be ahon-baSi€ assignment & ("YE ? the check

target IE 25 is detected.gs the beqinning pf ansareawherg @ nnehasic assignmentand nem-unicast IE
group is place8 g{thét is, SG2 in FIG.17) (step S2003). If the CRC check result is determined to be
"NG" (NO'J.dhe pracess of stem 82@Glds repeated. f0114kmstem2004,a2GRG chenle ot a
subsequent IE is performed. 5[0118]In step 92005, when a CRC check result is determined to be "NG"
("NO") as arr@sult of Béraaskingsthe ©RC parvof a etfecktarget |E @1Sih@ Brbadtaseiflentiffeation

information, the check target IE is detected as the beginning of |
assignment area of thelmultlcarrler group tLype.

information generating section 103 places &
basic assignment IE.
19 (01131 [Receiving processing at mobile station]
Control information structured as described
above is transmitted from base station 100 to
mobile statiomn 200.
S [o114] FIG.18 illustrates processing in
i5 information processing section 204.
fo115] In step 82001, information processing
section 204 performs a CRC check per control
information IE.
forlile] In step 82002, when a CRC check result
Ay is determined to be WOKRH as a result of
demasking the CRC part of a check target IE
using broadcast ididentification information and
the check target IE is identified to be a non-
basic asgsignment IE (“YES"), the check target IE
25 4is detected as the beginning of an area where a
non-basic assignment and non-unicast IE group is

placed {(that is, 8G, in FIG.17) (step S2003). If
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10 an area where a multicarrier IE group is placed (step 92007). [0119]When the CRC check result is
determined to be "OK" (step 92005: "YES"), whether or not the check target 1E is a non-basic
assignment IE 15is decided (step 82006). [0120]If the check target IE is identified not to be a
non-basic assignment IE (step 92006: "NO"), this check target IE is detected as the beginning of an
area where a multicarrier IE 20 group is placed (step 82007).If the check target IE isidentified to be a
non-basic assignMEeRCIE (stepfR006e'Y &S, thesprodess efstepni2804 i repeated: F0121](Other
embodiments) 25(1)Inembodimentlthrough3, multicast/broadcastzone310,
multicast/brod¥castzenedGand TRGfcast frdadBast Pon 590 are‘afeat ShERESS -
multicastandbroadcastiEsarepresent together. Hé)wever, the prescent in\genti n is hy no means limited
to this, and {4 éqlhlly postible & difille mﬁl%igas%broac_fcastcz:gne 310 Mditfcast/bfdadcdst zone 410,

and subgeguent ITE is performed.

5 {o1is] In step 82005, when a CRC check result
ig determined toc be “NG" ({(“RO”") as a result of
demasking the CRC part of a c¢check target IE
using broadcast identification information, the
check target IE 1s detected as the beginning of

10 an area where a multicarrier IE group is placed
{step 82007).

{01z19] When the CRC check result is determimned
te be “OK” (step S2005: “YES”), whether or mnot
the check target IE isg a.non-basic assignment IE

i5 is decided (step 82006 .

{01201 If the check target IE 1s identified mnot
to be a non-basic assignment IE (step S2006:
“NO”), this check target IE is detected as the
beginning of an area where a multicarrier IE

20 group is placed (step S$2007). If the check
target IE is identified to TDbe a non-basiec
assignment IE (step 82006: “YES”)}, the process
of step 82004 is repeated.

o121} {Other embodiments)

25 {1} In embodiment i through 3.
multicast/broadcast zone 310,
multicast/broadcast zone £730 and



multicast/broadcastzone510eachintoa multicast zone and a broadcast zone.By this means, similar to
embodiment 4, it is possible 10 to reduce the load of zone search process in mobile station 200 at the
reception side. [0122]In particular, in the event a broadcast zoneplacedatthebeginningof
multicast/broadcast zone 310 as with the case 15 with embodiment 1, by placing a broadcast zone at
the beginning in multicast/broadcast zone 310, it is possible, like embodiment 4, to provide a
informationsiruittireaisat Complies withs & protoeslahat Fégliresaptaeingbroagiéast Za:schéduling
information in the beginning area of control information (e.g. IEEE 802.16e).

(0123](2) WAtherisdorimfeht3, ntifi€ast/brREARA&<BAF510, WhHiéh is af Bfta whereSffitthst and
broadcast IEs are present 25 (%@ﬁtheré is pla %debetwegr% gr}i%astiz%r‘}eeang\/g veri(;[ge resent
invention iS40 Meahs limitad Yo this, and it s eqdally possible fo provide ae%roa castZonein the

placeof mulficastiproadeastzongqlogandplageas ni g, and it is egually

5 poggible to divide multicagst/broadcast zone 310,

multicast/broadcast zone 410, and
multicast/broadcast zone 51¢ each into a
multlicast zeone and a broadcast zZone. By this
means, similar to embodiment 4, it 1s possible

10 to reduce the load of =zone search process in
mobile statiom 200 at the reception side.
fo1221] In particular, in the event a broadcast
zone - is placed at the beginning of
multicast/broadcast =zone 310 as with the case
15 with embodiment 1, by placing a broadcast =zone
at the beginning in multicast/broadcast zone
314, it 4is possgible, like embodiment 4, to
provide a information structure that complies
with a protocol that requires placing broadcast
20 scheduling information in the beginning axea of
control information {(e.g. IEEE 802.1l6e}.
{01231 (2) With embodiment 3,
multicast/broadcast zone 510, which 1s an area
where multicast and broadcast IEs are present
25 together, is placed between unicast ZOMES .
However, the present idinvention is by no means

limited to this, and it is eqgually possible to
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multicastzoneintheplaceof multicast/broadcast zone 510b.By this means, 5 too, it is possible, like
embodiment 4, to reduce the load of zone search process in mobile station 200 at the reception side.
101241Also, although cases have been described with the above embodiment as examples where the
10 present invention is configured by hardware, the present invention can also be realized by software.
[0125]Each function block employed in the description of each of the aforementioned embodiments
may typicalbyxbeviraglemerraed ab an & 8lccoadtitutezldoyan integratet Biecuit. Aheseemay € individual
chips or partially or totally contained on a single chip. "LSI" is adopted here but this may also be
referred to B3} & 93 Sh4EH R 3RCRPEILSI, %N BRraL SP HBFendiftyfoh difféhg eRtentLof
integration. 3}26 Further themethodofcircuit lnte%atlonlsn(%tg]m|tedtoLSI siand mplegngntation
usingdedicaté C|rCU|try ot 25 generanurpose processors is also possm

AfterL Simagufactyre LtilizationgtragrammapleERGA{FigldProgragmahleGate neans,

5 too, it is peosseible, like embodiment 4, to
reduce the lcad of zone sgearch procesgs in mobile
station 200 at the reception side.

01241 Alsoc, although casgses have been described
with the above embodiment as exanples where the

10 present invention is configured by hardware, the
present invention can also be realized by

software.
[o125] Each function block employed 1in the
description of each of the aforementioned

15 embodiments may typically be implemented amg an
.ST comnstituted by an integrated circuit. These
may be individual chips or partially or totally

contalined on a single chip.l “LSI"” is adopted
here but this may also be referred to as “IC,”

20 “system Lsr,” “super LsI , " or “ultra LsI”

depending on differing extents of integraticmn.

fo126] Further, the method of circuit
integration im not limited to L8I's, and
implementation usging dedicated cilrcuitry or

28 general purpose PpProcCesscors is also possible.
After Lerx manufacture, vtilization of a

programmable FEGA {Field Programmable Gate
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Array)ora reconfigurable processor where connections and settings of circuit cells within an LSI can be
reconfigured is also possible. [0127]Further,ifintegratedcircuit 5 technology comes out to replace LSI's
as a result of the advancement of semiconductor technology or a derivative other technology, it is
naturally also possible to carry out function block integration using this technology. 10 Application of
biotechnology is also possible. [0128]The disclosuresof Japanese Patent Application N0.2008-328294,
filed on Degcambey 24, 2008, Japanese«Ratent Agplicativd. Ho.2009-cl3832%¢ filed ontJeine 4, 2009,
and Japanese Patent Application No.2009-162071, filed on July 8, 2009, including the specifications,
drawings afi® asseradid, akeSincoRrdrafeitie teh By référefdedif theif erftifehy: 20 WiltidtAdt Applicability
[01291The transmission apparatus and contyol inforrgatlon tragrjsmission method of the present

inventionarguitkiidtorfidtorBguct proRdssing 1E And Sowiet EShsBRStdA At e 25 reception side
by making tpg {%u;ii/ing proces§%§actﬁ@errgcepti0f Side @5%@§9ng LAIMS, L, An integrated

circuit configured to transmit assignment information comprising: a generation section configured
to contsol gererating phige assignmept infgrmatiors @nd repiace LnSI's as a
result of the advancement of gemiconductor
technology or a derivative other technology, 1t
is naturally also possible to carry out function
block integration using thisg technology.
10 Application of bictechnology i1s also possible.
[p128] The disclosures of Japanese Patent
Application Wo.2008-328254, £iled o©on DPecenmber
24, 2008, Japanese Patent Application No.2008-
135324, filed on June 4, 20069, and Japanese
15 Patent Application No.2009%-162071, filed on July
8, 2009, including the specifications, drawings
and abstracts, are incorpecrated herein by

reference in their entirety.

26 Industrial Applicability
[oiz29] The transmission apparatus and control
information transmission method of the present
invention are suitable for use to reduce
processing time and power consumption at the
25 reception side by making the receiving procesgses

at the reception side more efficient.
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a transmission section configured to control transmitting of the generated assignment information in a
region of the assignment information, wherein the assignment information is categorized into at
least multicast assignment information intended for a group of a plurality of the reception apparatuses
and unicast assignment information intended for one reception apparatus, the region of the
assignment information includes a first region and a second region, and a plurality of the unicast
assignmehitAifdBnation intended for one reception apparatus are present in the first region following
the second region, in which a plurality of the multicast assignment information intended for a group of
a plurality of the reception apparatuses are present. 2. A reception apparatus comprising: a receiver
configured to receive assignment informati%ré;ld%r%g a%] EFrocessor configured. to derfnoduzligte the received
| e

assignmént infoftialidf 912 $8gRFuIe ] iHRARTHOF SHHENT He ALIGHMERt information

is categorized irptonat_ least multicast assignment information intended for a group of a plurality of the
receptioﬁ%BB)argfugés and unicast assignment information intended for one reception apparatus,

the region of the asgignmeriJfounation inclidgs adistiegienand a gesandragionrande  a

plurality of the unicast assignment information intended for one reception apparatus are present in the
first regi%@w%{hg@ﬁﬁ@@gd@gm in which a plurality of the multicast assignment information
intended for a group of a plurality of the reception apparatuses are present. 3. The reception apparatus
according to claim Zansenéision shetiegiorpofiberaskignnremirdbrinatsmidither wicltikes a third
region, in which unicast assignment information intended for one reception apparatus is present, and
the secogé regrRivts pRSSSan Bafee MBEMAN #8gidR arfl tHEIHMR rédiodh2. TRESIEEEPRBA apparatus

according to claim 3, wherein -
information, wherein

the assignment Enfdrma’{ion is categorized into at least multicast
assignment information intended for a group of a plurality of the reception
apparatuses and unicast assignment information intended for one
recepiion apparatus,

the region of the assignment information includes a first region and
a second region, and

a plurality of the unicast assignment information intended for ong
reception apparatus are present in the first region foliowing the second
region, in which a plurality éf the mulficast assignment information
intended for a group of é piurality of the reception apparatuses are

present.

2. A reception apparatus comprising:

a receiver configured to receive assignment information; and

a processor configured to demodulate the received assignment
information in a region of the assignment information, wherein

the assignment information is categorized into at least multicast
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the plurality of the unicast assignment information are grouped together based on a size of the unicast
assignment information, such that a first group with a first size of the unicast assignment information is
present in the first region and a second group with a second size of the unicast assignment information
is present in the third region. 5. The reception apparatus according to claim 2, wherein the region
of the assignment information further includes a fourth region, in which broadcast assignment
informatisasigenuet forfaliroéireseptiion dppdratEsgscispeisent ) araithreofotinth regrrtispresent at the
beginning of the region of the assignment information. 6. The reception apparatus according to claim
2, whereffPparafesgsic i Gsdighpasht inforlaafonntne piarmasiassijierAemioffiati®Rtare present

in a frequency domain. 7. A reception method comprising: receiving assignment information; and
demodulSRFAGRHETRRAKE Wksignment information in a region of the assignment information, wherein

the assignment ipfonnaion s aledalzed e Algast Tlleast fesianmentinformation jptended for a
group of a plurality of tfie reception apparatuses and unicast assignment information intended for one
receptiorbaé)epgéﬁtajs[egion:[I”%Epgion of the assignment information includes a first region and a

second region, and a plurality of the unicast assignment information intended for one reception
apparatus are prgssit Hithedirshecginn tlowingdhenserondsegianocin WhishdeBluelityf the
multicast assignment information intended for a group of a plurality of the reception apparatuses are
present. récAptinte gaatesr eincaitacenfigasechtoiredbivefassigrgient iformatigntbempsisingt a reception
section configured to control receiving of the

region, in which a plurality of the multicast assignment information

intended for a group of a pluralily of the reception apparaluses are

present.

3. The reception apparatus according to claim 2, wherein

the region of the assignment information further includes a third
region, in which unicast assignment information intended for one
reéeption. apparatus is present, and the second region is present between

the first region and the third region.

4. The reception apparatus according to claim 3, wherein

the plurality of the unicast assignment information are grouped
together based on a size of the unicast assignment information, such that
a first group with a first size of the unicast assignment information is
present in the first région and a second group with a second size of the

unicast assignment information is present in the third region.

5. The reception apparatus according to claim 2, wherein

the region of the assignment information further includes a fourth

region, in which broadcast assignmeni information intended for all of
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assignment information; and a processing section configured to control demodulating of the
received assignment information in a region of the assignment information, wherein the
assignment information is categorized into at least multicast assignment information intended for a
group of a plurality of the reception apparatuses and unicast assignment information intended for one
reception apparatus, the region of the assignment information includes a first region and a
second regimytéord appasaplrabtyief the seidastrabsignrhent infoemationsinteasied: feit dhe reception
apparatus are present in the first region following the second region, in which a plurality of the
multicastizagigninertinformagomintéhe eisargreup ortopmedienof the reception apparatuses are
present. INTEGRATED CIRCUITS FOR TRANSMITTING ASSIGNMENT INFORMATION,
RECEPTION APPARATUS AND METHOD FOR RECEIVING ASSIGNMENT INFORMATION
ABSTRAE():T %isclosed are transmi§sion ap ga atus and a, m?hoj?for sending control information in
which the proceg f‘né%ﬁ»‘ﬁ@‘ié%'a 38%%&155381% ik {ﬁ'ecf 8}5 on'side Afe reduced by improving the

n

efficiency of re(:e,-i .Onu%rﬁ%%ﬁSi%%@Eﬁ)@ﬁe%‘?gﬂdﬁ&ﬁ a base %ﬁﬂgé&?ogg%ﬁgﬁ%%ion

generating unit (103) generates co Information and an OFDM communicati 4) transmits

a frame ifnclueingithe septmidatarmatians-&he sonireldnfasmation (300) has a unicast region (320) and
brcadcast/multicast regions (310), and scheduling information units (330) comprising a single MS-ID, a

plurality of information elements (1E) that are transmitted to each mobile station (200) corresponding
to this MS-ID, and an IE number indicator, which is the number information of this plurality of IEs, are
included ih a gréus ot ptised oliath doemetfomsimits arranged in the unicast region (320). Fig.5

receiving assignment information; and
demodulating the rece?yed assignment information in a region of
the assignment information, wherein
the assignment information is categorized into at least multicast
assignment information intended for a group of a plurality of the reception
apparatuses and unicast assignment information infended for one
- reception apparatus,
the region of the assignment infofmation includes a first region and
a second region, and
a plurality of the unicast assignment information intended for one
reception apparatus are present in the first region foliowing the second
region, in which a pluraiity of the muiticast assighment information

intended for a group of a plurality of the reception apparatuses are

present.
8. An integrated circuit configured to receive assignment information
comprising:

a reception section configured to conirol receiving of the
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assighment information; and

a processing section configured to control demodulating of the
received assignment information in a region of the assignment information,
wherein

the assignment information is categorized infc at least muliicast
assign.ment information intended for a group of a plurality of the reception
apparatuses and unicast assignment information intended for one
reception apparatus,

the region éf the assignment information includes a first region and
a second region, and

a plurality of the unicast assignment information intended for one
' reception apparatus are present in the first region following the second
region, in which a pluraiity of the muiticast assignment information
intended for a group of a plurality of the reception apparatuses are

present.
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