
DESCRIPTION Title of Invention TRANSMISSION EQUIPMENT AND METHOD FOR
SENDING CONTROL MESSAGES 5 Technical Field [0001]The present invention
relates to a transmission apparatus and control information transmission
method for transmitting control 10 informationforresourceassignmentina
multiple access wireless communication system. Background Art
[0002]Currently, wireless mobile communication 15
systemsareevolvingtowardsthefourth generation (i.e. 4G networks).The
evolution to 4G promises substantial increase in system requirements (e.g.
an increase in the number of users, user bandwidths, and mobility).
20[0003]Several new technologies are planning to 



be used to make possible this increase in system requirements. One of these
technologies is orthogonal frequency division multiple access (OFDMA),
which is a wireless technique proposed 25 for WiMAX (IEEE 802.16e) and 3GPP
LTE (Long Term Evolution). [0004]Theorthogonalfrequencydivision
multiplexing and transmitting transmission data using a plurality of
subcarriers. In an OFDM system, first, a data stream is divided into 5
several 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.
Furthermore, the introduction of cyclic prefixes 15 (CPs) can completely
eliminate inter-symbol interference as long as the CP duration is longer
than the channel delay spread. In addition, OFDM modulation can be realized
using the efficient inverse Fast Fourier transform 20(IFFT), which enables
a large number of sub- 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 a 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 communication 5
apparatusthatcommunicatesusinganOFDM communication scheme. [0008]FIG.1
illustrates an example of an OFDMA frame structure.FIG.1 is an illustration
of a   downlink(DL)framestructure.Note that, 10 although not shown in
FIG.1, normally, there also is an uplink (UL) part as well. [0009]With
reference to FIG.1,the frame 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 stations
(MSs) connected to that BS.Each MS needstoreceiveanddecodeMACcontrol
information 22 and then search for its own  scheduling information unitin
MACcontrol information 22. Typically, control information 22 is broadcasted
with fixed timing with respect to the frame boundaries, usually near the
beginning of frame. [0011]WithreferencetoFIG.1,control information 22 has a
plurality of scheduling information units. Each scheduling information unit
is formed with an information element (IE) 10 including an MS-ID. Each IE
corresponds to a specific MS or a group of a plurality of MSs (hereinafter
simply "group"). The information included in an IE is essential to
determine the data transmission format. The specification of 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
identified system resources. For example, referring to FIG.1, the contents
of 20 IEs 24, 26, 28 and 30 are essential to correctly demodulate in
resources 32, 34, 36 and 38, respectively. 



(00127Depending 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 MSs. [0013]Forexample,likeunicastIE24 including MS-ID1, each unicast IE
includes an 5 MS-ID that uniquely identifies an MS. Some of unicast IEs may
correspond to one MS in control information 22. For example, in FIG.1, two
IEs 24 and 30 both correspond to the MS having MSID1. 10[0014]Also, like
multicast IE 26 including 145- ID2 and broadcast IE 28 including MS-1D3,
each broadcast or multicast IE also includes an MS-ID
thatuniquelyidentifiesabroadcastor    multicast connection.Note that an MS
has 15 preliminarily knowledge of the group of MS-IDs for
broadcast/multicast. [0015]Each IE corresponds to a separate assignment
resource area.That is, if the unit 



scaleofassignmentresourceareasis 20 determined, even when the first
assignment resource area and a second assignment resource area are
addressed to the same mobile station, separate IEs are provided for the
first 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 assignment resource area and a second assignment resource area,
when 5 different configuration conditions (for example, different
modulation and coding schemes (MCSs)) are applied to the first assignment
resource area and a second assignment resource area, and when the number of
times of data retransmissions 10 is different between the first assignment
resource area and a second assignment resource area.
[0016]FIG.2illustratesanexemplaryIE structure on a DL.This DL IE includes a
DL 15 scheduling information unit to be used to notify an MS how to process
data. In FIG.2, the IE includes MS-ID 42 which identifies the MS or group
to which resource is assigned in the frame. Furthermore, the IE includes,
as 20 resource-related information, an indication (that is, resource
assignment information 44) of specific resource that is assigned (e.g. time
resource, frequency resource, space resource, or any combination of these),
and time duration 46 25 in which this assignment of specific resource is
valid. The IE also includes, as information related to the data
transmission format, MIMO  data 48 to indicate that the content depends on
a particular MIMO scheme that is specified, modulation scheme information
50 to be applied to the assigned resource, payload size 5 information 52,
and HARQ information 54 to indicate the hybrid ARQ process of the current
transmission. 



[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 a plurality of IEs
carrying the same MS-ID. 25 Consequently, to find out the resource
corresponding to its own MS-ID, an MS has to check all the IEs in MAC
control information 22.   This would result in the problems of increasing
the processing time and power consumption in the MS. [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
section that structures the control information; and a transmitting section
that transmits the frame including the structured control information, and,
in this 20 transmission apparatus: the control information
comprisesaunicastareawhereaunicast schedulinginformationunitaddressingone
mobile station is placed, 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 unicast
area comprises a  scheduling information unit formed with one mobile
station identifier, which is identification information of a mobile
station, a plurality of information elements to be 5 transmitted to the
mobile station associated with the mobile station identifier, and
information about the number of the plurality of information elements.
[0022]A 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 transmission method: the control information
comprises a unicastareawhereaunicastscheduling information unit addressing
one mobile station 20 is placed, and a non-unicast area where a nonunicast
scheduling information unit addressing two or more mobile stations is
placed; and a scheduling information unit group to be placed in the unicast
area comprises a scheduling 25 information unit formed with one mobile
station identifier, which is identification information of a mobile
station, a plurality of information  elements to be transmitted to the
mobile station associated with the mobile station identifier, and
information about the number of the plurality of information elements. 5
Advantageous Effects of Invention [0023]With thepresentinvention,itis
possible to reduce the processing time and power consumption at the
reception side by making the 10 reception processingatthereceptionside
efficient. Brief Description of Drawings 



[0024] 15FIG.1 shows an example of an OFDM frame structure;
FIG.2showsatypicalstructureofa 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 structure
accordingtoembodiment1ofthepresent invention;           FIG.6 shows a
control information structure  according to embodiment 2 of the present
invention;           FIG.7 shows a control information structure 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; 15FIG.11showsacontrolinformation
structure according to embodiment 6 of the present invention;
FIG.12illustrates the system on which embodiment 7 of the present invention
is based; 20FIG.13illustratesthesystem on which embodiment 7 of the present
invention is based;         FIG.14illustratesthesystem on which embodiment
7 of the present invention is based; FIG.15showsacontrolinformation 25
structure according to embodiment 7 of the present invention; 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 repeated.
15[0026](Embodiment 1) [Configuration of base station]
FIG.3isablockdiagramshowinga configuration of base station 100 according to
embodiment 1 of the present invention.In 20 FIG.3, base station 100 has
control section 101, scheduler 102, information generating section 103,
OFDM communication section 104, and information processing section 105.In
this 



context,control section 101,scheduler 102,  25 information generating
section 103 and 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 200, based on control by control section 101.Scheduler 102
outputs the MS-ID, which is identification information assigned to 10
mobile station 200 or group, resource assignment information and cast
identification information (information to identify between unicast,
multicastandbroadcast),toinformation generating section 103.
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  information communication.
relatedto   uplinkdata      section 103 assigns, to resource corresponding
25 to a scheduling information, transmission data
addressingtheMS-IDassociatedwiththat scheduling information.To be more
specific, a  scheduling information unit includes an MS-ID and resource
assignment information, so that transmission data addressing this MS-ID is
mapped to a resource corresponding to this 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]OFDM communication section 104 performs
OFDM modulation and OFDM demodulation.OFDM communication section
104transmits a frame includingcontrolinformationgeneratedin information
generating section 103. 20[0031]Informationprocessingsection105 analyzes
uplink information transmitted from mobile station 200, and outputs the
analysis result to control section 101. [0032][Configuration of mobile
station] 25FIG.4isablockdiagramshowinga configuration of mobile station 200
according to embodiment1ofthepresentinvention.
controlsection201,informationgenerating section 202, OFDM communication
section 203 and information processing section 204.In this 5
context,controlsection201,information 



generating section 202 and information processing section 204 perform
processes related to the MAC layer, and OFDM communication section 203
performs processes related to the physical 10layer. [0033]Control section
201 performs processes related to the MAC protocol. [ 0 0
34Informationgeneratingsection202 generates information to be transmitted
in an 15 uplink based on control by control section 201. This information
includesatleaset 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 communication party (base station 100) based
on control by control section 201, and outputs the analysis result to
control section 201. That is 25 to say, information processing section 204
extracts, for example, a scheduling information unit related to downlink
data communication and  a scheduling information unit related to uplink
data communication, and outputs these to control section 201.
[0037][Structure of control information] 



5  As described above, information generation section 103 generates control
information to be transmitted in a downlink. FIG.5 shows a
controlinformationstructureaccordingto 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 broadcast IEs in control
information 300. [0040]On the other hand, unicast zone 320    includes all
the unicast scheduling information in the frame in which this control
information 25is transmitted. [0041]Unicastzone320hasscheduling information
unit 330 for each mobile station  200.Each schedulinginformation unit330
includes area 332 for one MS-ID, area 334 for an indicator of the number of
IEs, and areas 336 



for IEs.The indicator of the number of IEs 5 showsthe number ofIEsincluded
in that 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 [0 043 In this way,
in unicast zone 320, scheduling information unit 330 is formed by placing,
for one MS-ID, a plurality of unicast IEs together in one IE area 336.
Consequently, once scheduling information unit 330 for mobile 20 station
200 is found out, the unicast IEs for mobile station 200 are not present in
other areas, so that mobile station 200 at the reception side is able to
finish the process of searching for the areas assigned to mobile 25
station200atthetimeoffindingout schedulinginformation unit330for mobile
station 200. As a result, compared to the prior  art which has heretofore
necessitated a search of whole control information, it is possible to
reduce the time for the scheduling information unit search process, and, in
accordance with 5 this, reduce the power consumption of mobile station 200.
[0044]Also, an MS-ID is not included in a 



unicast IE but is situated in the beginning area of each scheduling
information unit 330.By 10 this means, even when a plurality of IEs 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,aunicastzoneis divided intoa plurality ofpartialzones
dependingonthenumberofIEs.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 1.
[0046]Informationgenerationsection103 generates control information to be
transmitted 25 inadownlink.FIG.6showsacontrol information structure
according to embodiment 2. [0047]In FIG.6, control information 400 is
divided into multicast/broadcast zone 410 and unicast zones 420. 



[0048]Also, in FIG.6, unicast zones 420 are divided into two partial
zonesfirst unicast 5 zone 420a and second unicast zone 420b.
[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 information unit for mobile station 200, which a plurality of
unicast IEs address. Similar to 20 embodiment 1, the unicast IEs to be
mapped in second unicast zone 420b do not include MS-IDs, and only one
MS-ID is situated in the beginning area of each scheduling information unit
330. That is to say, second unicast zone 420b employs 25 the second format.
[0051]As described above, by thus providing first unicast zone 420a for
mapping only a  



scheduling information unit which obviously has only one IE, an indicator
of the number of IEs is not necessary in this area.By this means, it is
possible to reduce signaling overhead. [0052]Also, multicast/broadcast zone
410 is provided between first unicast zone 420a and second unicast zone
420b.That is to say, multicast/broadcast zone 410 forms the border between
first unicast zone 420a and second 10 unicast zone 420b. By this means,
mobile 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/broadcast zone 410 as a 15 landmark.
[0053]Notethat,inadditionto multicast/broadcastzone410,itisalso possible to
provide a zone to include an IE for specialuse(e.g.rangingIE)witha 20
predetermined MS-ID, and use this zone as a unicast zone terminal signal.
[0054]Also, the order of first unicast zone 420a andsecond unicastzone 420b
may be 



reversed to place second unicast zone 420b in 25 the front and first
unicast zone 420a in the back. However, such order needs 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 on the number of IEs. The configurations of the base station and
mobile station according to embodiment 3 are the same as base station 100
and mobile station 200 according to embodiment 1.
[0056]Informationgenerationsection103 10 generates control information to
be transmitted in a downlink. FIG.7 shows a control information structure
according to embodiment 3. [0057] In FIG.7, control information 500 is
divided into multicast/broadcast zones 510 and 15unicast zones 520.
[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]Similartofirstunicastzone420a 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 includes a scheduling information unit for mobile station 200,
which two unicast IEs address. Seocond unicast zone 520b includes
scheduling informaitn unit 530 for each mobile 5 station 200.Similar to
scheduling information unit 330, scheduling information unit 530 includes
area 532 for one MS-ID and area 534 for IE. However, unlike scheduling
information unit 330, scheduling information unit 530 does not 10 include
an indicator of the number of IEs. Similar to first unicast zone 520a,
informaitn about the number of IEs is associated with second unicast zone
520b itself, and so it is not even necessary to include an indicator of  15
the number of IEs. By this means,it is  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 power consumption  of
mobile station 200. [0063]Also, multicast/broadcast zones 510 are divided
into first multicast/broadcast zone 510a and second multicast/broadcast
zone 510b.First o multicast/broadcastzone510aandsecond
multicast/broadcastzone510bareprovided  between first unicast zone 520a and
second  unicast zone 520b and between second unicast
zone520bandthirdunicastzone520c, 10respectively. 



[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/broadcastzone510b,itisalso possible to provide a zone to include
an IE for specialuse(e.g.rangingIE)witha 20 predetermined MS-ID, and use
this zone as a unicast zone terminal signal. [0066]Also, the order of first
unicast zone   520a, second unicast zone 520b and third unicast zone 520c
may be reordered.However, the order 25 needs to be determined in advance.
[0067](Embodiment 4) With embodiment 4, unlike embodiment 2 and  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 FIG.8, control information
600isdividedintobroadcastzone610, multicast zone 620 and unicast zones 420.
10[0070]Broadcast zone 610 is present at the beginning of control
information 600. By this means, it is possible to provide an information
structure that complies with a protocol that requires placing broadcast
scheduling 15 information in the beginning area of control information
(e.g. IEEE 802.16e). [0071]Also, multicast zone 620 is present between
first unicast zone 420a and second unicastzone 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. 



[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, an address notation complies with IPv4, the last 5
eight bits in a broadcast IP address becomes all l's and the first 4 bits
in a multicast IP address become 1110. Consequently, when broadcast zone
and multicast zone are present together in the same area, mobile station
200 10 might be able to identify between broadcast and multicast only upon
looking at the first four bits or the last eight bits. Meanwhile, if a
broadcast zone and a 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 first carrying
out a search by focusing on a characteristic point of an IL' 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 5) With embodiments
2 to 4, a non-unicast zone is arranged between the first unicast zone and
25 the second unicast zone. By this means, a mobile 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 5 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 CRC (Cyclic Redundancy
Check) part is masked by multiplying the CRC part included in each IE by an
MS-ID. A mobile station at the reception side decodes an IE and calculates
an exclusive OR of the CRC part using its own MS- 15 ID. If the CRC check
result is "OK," the mobile station determines that the IE addresses itself,
and receives data using that IE. The mobile station then has to try
decoding all the IEs to look for an IE addressing itself.
20[0076]Furthermore, in this system, a plurality of resource sizes and MCSs
(Modulation and Coding Schemes) are prepared each, to report an IE to a
mobile station. For example, two resource sizes (1 MLRU (MAP Logical
Resource 25 Unit) and 2 MLRU) and two MCSs (QPSK 1/2 and QPSK 1/8) are
prepared. Then, the combination of resource size and MCS to be applied to
an IE  may be changed per destination mobile station, based on propagation
path conditions [0077]Also,therearefourkindsof combinations of resource
size and MCS in the  5 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 IE
addressing the mobile station. 



15[0 07 8]However, as shown in FIG.9,IEs are placed in the area referred to
as "user specific MAP" and the numbers of IEs per group are placed in the
area referred to as "non-user specific MAP." Consequently, 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. [0079][Configurations of base station
and 25 mobile station according to embodiment 5]
Thebasestationandmobilestation according to embodiment 5 have the same
basic  configurations as base station 100 and mobile station 200 according
to embodiment 1. [0080]Informationgeneratingsection103 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.
The IE type refers to, for example, the combination of resource size and MC
S. Information generating section 103 10 separates an assignment area per
group and places IEs in control information. Furthermore, in an assignment
area for an arbitrary group, information generating section 103 separates a
unicast IE assignment area and a non-unicast IE 15 assignment area and
places IEs. [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 IF and then a
broadcast IF (which is a kind of a non-unicast IE).That 25 is to say, in an
arbitrary group, a unicast IE forms one subgroup (SG) and a non-unicast IE
forms the other subgroup.  present embodiment, control information has an
IE assignment area per group corresponding to the IE type.In each group's
IE assignment 5 area, a unicast IE assignment area and a nonunicast IE
assignment area are separated and arranged in a given order.
[0083]Bythismeans,anon-unicastIE 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
this control information structure, 



20 unlike the conventional system such as described earlier, it is not
necessary to provide a nonuser specific MAP and therefore is possible to
reduce overhead. [0084](Embodiment 6) 25A case has been assumed with
embodiment 5 where a non-unicast IE is included in each group.By contrast
with this, embodiment 6 is  directed to a control information structure in
the event there is a group not containing a nonunicast IE. The basic
configuration of the base station and mobile station according to 5
embodiment 6 are the same as in embodiment 5. [0085]Similar to embodiment
5,information generatingsection103generatescontrol information to be
transmitted in a downlink. To be more specific, information generating
section 10 103 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 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,
bitmap format. [0087]FIG.11 shows a control information  structure
according to embodiment 6.FIG.11 shows a control information structure in
the event N is 4.In FIG.11, 02 and 04 do not include non-unicast IEs.
Consequently, information related to groups not including nonunicast IEs is
placed in the non-user specific MAP. In this context, whether or not a
nonunicast IE is present in an arbitrary group is represented by the bit
value 1 or 0. There are 10 four groups in this context, so a bit map is
comprised of four constituent bits. When the kth constituent bit in the bit
map is associated with group k, if G2 and 04 do not include nonunicast IEs,
the bit map is formed with a bit 15sequence of 0101. [0088]By this means,
even when there is a 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 groups
notincluding non-unicastIEsneedsto be provided additionally, the number of
bits is just the same as the number of groups, and this has little impact
on the increase of overhead. 5[0091](Embodiment 7)        The present
embodiment presumes that a base station transmits a signal using a
plurality of carriers. [0090][Conventional system of precondition] 10  In
this system, for example, as shown in FIG.12, a base station transmits a
signal using a plurality of carriers. The plurality of carriers include a
primary carrier and secondary carriers. All control information is 15
transmitted using the primary carrier. Then, control information for the
primary carrier is reported as a basic assignment IE, while control
information for the secondary carriers is reportedasanMCassignmentIE.Basic
20 assignmentIEandMCassignmentIEare transmitted as one set by a primary
carrier. (0091]By this means,the primary carrier
transmitsallthesinglecarrierIEsand multicarrier IEs.In this case, as shown
in 25 FIG.13, single carrier IEs and multicarrier IEs are transmitted
randomly. Consequently, when this information structure is adopted, even
when 



asignalforagivenmobilestationis transmitted by single carrier,it isstill
necessary to decode all the IEs. [0092]To reduce the load of a mobile
station at the reception side,for example,itis
possibletoadoptthecontrolinformation structure shown in FIG.14.That is to
say, in the area called "user specific MAP," which is
differentfromtheareacalled"non-user 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 MAP, compared to the system described 



in the background part, this system has the
problemsofincreasingtheoverheadand 25 decreasing the total throughput.
[0095][Configurationofbasestationand mobile station according to embodiment
7]  Thebasestationandmobilestation according to embodiment 7 have the same
basic configurations as base station 100 and mobile station 200 according
to embodiment 1. 5[0096]Informationgeneratingsection103 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 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.15showsacontrolinformation structure according to
embodiment 7. In FIG.15, the IEs are arranged in the order of a single
carrier group and then a multicarrier group, and 25 included in control
information. Also, in an assignment area for a single carrier 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 is to say, in a
single carrier group, a unicast IE forms one subgroup (SG) and a nonunicast
IE forms the other subgroup. The IEs 5 here include both a basic assignment
IE and a non-basic assignment IE. A basic assignment IE is an information
element for a regular data channel. A non-basic assignment IE is, for
example, a group-specific information element, 10 an IE for reporting a
group-specific information element component, and an IE for a channel other
than a regular data channel such as persistent allocation. [0098][Receiving
processing in mobile station] 15  Control information structured as
described above is transmitted from base station and received in mobile
station 200. [0099]FIG.16illustratesprocessingin information processing
section 204. 20[0100]In step S1001, information processing section 204
performs a CRC check per control information IE. [0101]In step S1002, when
a CRC check result 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 S1003). If the
CRC check result is determined to be "NG" ("NO"), the process of step S1001
is repeated. 5[0102]InstepS1004,aCRCcheck for a 



subsequent IE is performed. [0103]In step S1005, when a CRC check result is
determined to be "NG" ("NO") as a result of
demaskingtheCRCpartusingbroadcast 10 identification information, this IE is
detected as the beginning of an area where a multicarrier IE group is
placed (step 81007). [0104]In step S1005, when a CRC check result is
determined to be "OK" ("YES") as a result of 15 demasking the CRC part
using broadcast identification information, whether or not this IE is a
multicarrier assignment IE is decided (step S1006). [0105]When a
multicarrier assignment IE is 20 identified (step S1006: "YES"), this IE is
identified as the beginning of the area where a multicarrier IE group is
placed (step 51007). If an IE is identified not to be a multicarrier
assignment IE (step S1006: "NO"), the process of 25step S1004 is repeated.
[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 a non-unicast IE assignment area are separated 5 and
arranged in a given order. 



[0107]Bythismeans,anon-unicastIE assignment area of a single carrier group
is provided between a unicast IE assignment area of a single carrier group
and an IF assignment area 10 of a multicarrier group. Consequently, a
mobile station at the reception side is able to readily identify the end of
a unicast IF assignment area of a single carrier group and the beginning of
an IE assignment area of a multicarrier group 15 using a non-unicast IE
assignment area of a single carrier group as a landmark.That is to
say,byadoptingthiscontrolinformation structure, unlike the conventional
system such as described earlier, it is not necessary to 20 provide a
non-user specific MAP and therefore is possible to reduce overhead.
[0108](Embodiment 8)        With embodiment 7, a mobile station detects
thefirst"basicassignmentIE"ina 25 multicarrier group and by this means
identifies the border between a single carrier group and a multicarrier
group. The criterion for detecting  thefirst"basicassignmentIE"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
the beginning of a multicarrier group is a broadcast IE. [0109]By contrast
with this, with the present 10 embodiment, in a single carrier group
assignment area, an IE that is a non-basic assignment IE and that is also a
broadcast IE is assigned immediately before a multicarrier group allocation
area.By this means, switch from a 15 non-basic assignment IE to a basic
assignment IE can be used as the criterion for detecting the first "basic
assignment IE" in a multicarrier group.
[0110][Configurationofbasestationand 20 mobile station according to
embodiment 8]        The base station and mobile station according to
embodiment 8 have the same basic configurations as base station 100 and
mobile station 200 according to embodiment 1,  25[0111]Information
generatingsection103  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 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, in an 10 assignment area of a
group of the single carrier type, information generating section 103
separates an IE that is non-basic assignment and that is a non-unicast IE
assignment area, and other assignment areas, and places IEs.
15[0112][Structure of control information] FIG.17showsastructureofcontrol
information according to embodiment 8.In FIG.17, the IEs are arranged in
the order of a single carrier group and then 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 (both a
unicast IE and a nonunicast IE), a non-basic assignment and unicast 25
IE,andthenanon-basicassignmentand broadcast IE. That is to say,in a single
carrier group,a non-basic assignment,non-  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 5
assignment IE and then a non-basic assignment IF. 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
station 100 to mobile station 200. [0114]FIG.18illustratesprocessingin 15
information processing section 204. [0115]In step S2001, information
processing section 204 performs a CRC check per control information IE.
[0116]In step 52002, when a CRC check result 20 is determined to be "OK" as
a result of demasking the CRC part of a check target IE using broadcast
identification information and the check target IF is identified to be a
non-basic assignment IE ("YES"), the check target IE 25 is detected as the
beginning of an area where a non-basic assignment and non-unicast IF group
is placed (that is, 502 in FIG.17) (step 82003). If the CRC check result is
determined to be "NG" ("NO"), the process of step S2001 is repeated.
[0117]InstepS2004,aCRCcheck for a subsequent IE is performed. 5[0118]In
step 32005, when a CRC check result is determined to be "NC" ("NO") as a
result of demasking the CRC part of a check target IE using broadcast
identification information, the check target IE is detected as the
beginning of 10 an area where a multicarrier IE group is placed (step
32007). [0119]When the CRC check result is determined    to be "OK" (step
52005: "YES"), whether or not the check target IE is a non-basic assignment
IE 15is decided (step 32006). 



[0120]If the check target IE is identified not to be a non-basic assignment
IE (step 32006: "NO"), this check target IE is detected as the beginning of
an area where a multicarrier IE 20 group is placed (step S2007). If the
check target IE is identified to be a non-basic assignment IE (step 32006:
"YES"), the process of step 52004 is repeated. [0121](Other embodiments)
25(1)Inembodiment1through3, multicast/broadcastzone310,
multicast/broadcastzone410and  multicast/broadcast zone 510 are areas where
multicastandbroadcastIEsarepresent together.However, the present invention
is by no means limited to this, and it is equally 5 possible to divide
multicast/broadcast zone 310, multicast/broadcastzone410,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
zoneisplacedatthebeginningof 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 information structure that complies with a protocol that requires placing
broadcast 20 scheduling information in the beginning area of control
information (e.g. IEEE 802.16e). [0123](2)Withembodiment3,
multicast/broadcast zone 510, which is an area where multicast and
broadcast IEs are present 25 together, is placed between unicast zones.
However, the present invention is by no means limited to this, and it is
equally possible to  provide a broadcastzonein the place of
multicast/broadcastzone510aandplacea 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. 



[0124]Also, 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 descriptionofeachoftheaforementioned 15 embodiments
may typically be implemented as an LSI constituted by an integrated
circuit. These may be individual chips or partially or totally contained on
a single chip. "LSI" is adopted here but this may also be referred to as
"IC," 20 "systemLSI,""superLSI,"or"ultraLSI" depending on differing extents
of integration. [0126]Further,themethodofcircuit
integrationisnotlimitedtoLSI's,and      implementation
usingdedicatedcircuitryor 25 general purpose processors is also possible.
AfterLSImanufacture,utilizationofa programmableFPGA(FieldProgrammableGate
Array)or a 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 No.2008-328294,filed on December 24, 2008, Japanese Patent
Application No.2009- 135324,filed on June 4, 2009, and Japanese 15 Patent
Application No.2009-162071, filed on July 8, 2009, including the
specifications, drawings and abstracts, are incorporated herein by
reference in their entirety. 20 Industrial Applicability [0129]The
transmission apparatus and control information transmission method of the
present inventionaresuitableforusetoreduce processing time and power
consumption at the 25 reception side by making the receiving processes at
the reception side more efficient.  CLAIMS  1. An integrated circuit
configured to transmit assignment information 



comprising:        a generation section configured to control generating of
the assignment information; and        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 assignment information 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 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  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 assignment information 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. 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 reception
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 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 information intended for all of  reception
apparatuses, is present, and the fourth region is present at the beginning
of the region of the assignment information.  6. The reception apparatus
according to claim 2, wherein        the unicast assignment information,
the multicast assignment information are present in a frequency domain. 7.
A reception method comprising: receiving assignment information; and
demodulating 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 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 plurality of the multicast assignment 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 control receiving of the  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 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 plurality of the multicast assignment information
intended for a group of a plurality of the reception apparatuses are
present. 


