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Description 

 

Title of Invention 

COMMUNICATION CONTROL APPARATUS, RADIO COMMUNICATION 

APPARATUS, COMMUNICATION CONTROL METHOD, RADIO 5 

COMMUNICATION METHOD, AND PROGRAM 

 

Technical Field 

[0001] 

 The present disclosure relates to a communication control apparatus, a radio 10 

communication apparatus, a communication control method, a radio communication 

method, and a program. 

 

Background Art 

[0002] 15 

 The number of users in cellular systems has significantly increased.  

Accordingly, systems of 5th Generation have been increasingly demanded.  Shifting 

from 4th Generation to 5th Generation demands some breakthroughs (e.g., 

improvement of both spectral efficiency and energy efficiency, and advanced radio 

frequency domain processing). 20 

[0003] 

 In terms of improving spectral efficiency, a multiple access technology 

(MAT) is an important element.  As multiple access technologies, interleave 

division multiple access (IDMA), filter bank multicarrier (FBM), non-orthogonal 

multiple access (NOMA), and the like have been under study.  Particularly in an 25 

IDMA system, interleavers make it possible to distinguish between different users 

and effectively eliminate interference between the users.  The design of interleavers 

is one of the most important elements in an IDMA system, and technologies for 

achieving an appropriate design of interleavers have been developed. 

[0004] 30 

 For example, Patent Literature 1 below discloses a technology of 



 

2 

performing transmission power control together with selection of an interleave 

pattern in order to eliminate interference between the users more effectively. 

 

Citation List 

Patent Literature 5 

[0005] 

 Patent Literature 1:  JP 2013-123158A 

 

Disclosure of Invention 

Technical Problem 10 

[0006] 

 In the technical field related to IDMA, however, a further improvement in 

performance is desired.  Hence, the present disclosure provides a novel and 

improved communication control apparatus, radio communication apparatus, 

communication control method, radio communication method, and program that are 15 

capable of contributing to improving a radio communication technology related to 

IDMA. 

 

Solution to Problem 

[0007] 20 

 According to the present disclosure, there is provided a communication 

control apparatus including: a communication unit configured to communicate with a 

radio communication apparatus of a radio communication system using interleave 

division multiple access (IDMA); and a control unit configured to allocate an 

interleaver type of an interleaver to be used for IDMA by the radio communication 25 

apparatus. 

[0008] 

 According to the present disclosure, there is provided a radio 

communication apparatus including: a radio communication unit configured to 

perform radio communication using IDMA with a base station; and a control unit 30 

configured to control the radio communication unit to perform interleave processing 
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for IDMA by using an interleaver of an allocated interleaver type. 

[0009] 

 According to the present disclosure, there is provided a communication 

control method including: communicating with a radio communication apparatus of a 

radio communication system using interleave division multiple access (IDMA); and 5 

allocating, by a processor, an interleaver type of an interleaver to be used for IDMA 

by the radio communication apparatus. 

[0010] 

 According to the present disclosure, there is provided a radio 

communication method including: performing radio communication using IDMA 10 

with a base station; and performing control by a processor to perform interleave 

processing for IDMA by using an interleaver of an allocated interleaver type. 

[0011] 

 According to the present disclosure, there is provided a program causing a 

computer to function as: a communication unit configured to communicate with a 15 

radio communication apparatus of a radio communication system using interleave 

division multiple access (IDMA); and a control unit configured to allocate an 

interleaver type of an interleaver to be used for IDMA by the radio communication 

apparatus. 

[0012] 20 

 According to the present disclosure, there is provided a program causing a 

computer to function as: a radio communication unit configured to perform radio 

communication using IDMA with a base station; and a control unit configured to 

control the radio communication unit to perform interleave processing for IDMA by 

using an interleaver of an allocated interleaver type. 25 

 

Advantageous Effects of Invention 

[0013] 

 According to the present disclosure, it is possible to contribute to improving 

a radio communication technology related to IDMA. 30 

 Note that the effects described above are not necessarily limitative.  With 
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or in the place of the above effects, there may be achieved any one of the effects 

described in this specification or other effects that may be grasped from this 

specification. 

 

Brief Description of Drawings 5 

[0014] 

[FIG. 1] FIG. 1 is an explanatory diagram for describing a technology related to 

IDMA. 

[FIG. 2] FIG. 2 is an explanatory diagram for describing a technology related to 

IDMA. 10 

[FIG. 3] FIG. 3 is an explanatory diagram for describing a technology related to 

IDMA. 

[FIG. 4] FIG. 4 is an explanatory diagram for describing a technology related to 

IDMA. 

[FIG. 5] FIG. 5 is an explanatory diagram for describing an overview of a radio 15 

communication system according to an embodiment of the present disclosure. 

[FIG. 6] FIG. 6 is an explanatory diagram for describing an example of inter-cell 

interference in uplink communication. 

[FIG. 7] FIG. 7 is a block diagram illustrating an example of a logical configuration 

of a base station according to the present embodiment. 20 

[FIG. 8] FIG. 8 is a block diagram illustrating an example of a logical configuration 

of a terminal apparatus according to the present embodiment. 

[FIG. 9] FIG. 9 is a block diagram illustrating an example of a logical configuration 

of a communication control apparatus according to the present embodiment. 

[FIG. 10] FIG. 10 is an explanatory diagram for describing an example of dynamic 25 

interleaver type allocation according to the present embodiment. 

[FIG. 11] FIG. 11 is a sequence diagram illustrating an example of the flow of IDMA 

communication processing executed in the radio communication system according to 

the present embodiment. 

[FIG. 12] FIG. 12 is a flowchart illustrating an example of the flow of interleaver 30 

allocation processing executed in the communication control apparatus according to 
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the present embodiment. 

[FIG. 13] FIG. 13 is a flowchart illustrating an example of the flow of interleaver 

allocation processing executed in the communication control apparatus according to 

the present embodiment. 

[FIG. 14] FIG. 14 is a sequence diagram illustrating an example of the flow of IDMA 5 

communication processing executed in the radio communication system according to 

the present embodiment. 

[FIG. 15] FIG. 15 is a block diagram illustrating an example of a schematic 

configuration of a server. 

[FIG. 16] FIG. 16 is a block diagram illustrating a first example of a schematic 10 

configuration of an eNB. 

[FIG. 17] FIG. 17 is a block diagram illustrating a second example of a schematic 

configuration of an eNB. 

[FIG. 18] FIG. 18 is a block diagram illustrating an example of a schematic 

configuration of a smartphone. 15 

[FIG. 19] FIG. 19 is a block diagram illustrating an example of a schematic 

configuration of a car navigation apparatus. 

 

Mode(s) for Carrying Out the Invention 

[0015] 20 

 Hereinafter, preferred embodiments of the present disclosure will be 

described in detail with reference to the appended drawings.  Note that, in this 

specification and the appended drawings, structural elements that have substantially 

the same function and structure are denoted with the same reference signs, and 

repeated explanation of these structural elements is omitted. 25 

[0016] 

 Note that, in this specification and the appended drawings, elements that 

have substantially the same function and structure are sometimes distinguished from 

each other using different alphabets after the same reference sign.  For example, if 

necessary, elements that have substantially the same function and structure (e.g., 30 

terminal apparatuses 200A and 200B) are distinguished from each other.  However, 
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when it is not particularly necessary to distinguish elements that have substantially 

the same function and structure, the same reference sign alone is attached.  For 

example, when it is not particularly necessary to distinguish the terminal apparatuses 

200A and 200B from each other, each apparatus is simply called a terminal apparatus 

200. 5 

[0017] 

 Description is given in the following order. 

1. Introduction 

 1-1. IDMA 

 1-2. Interleaver type 10 

 1-3. Overview of radio communication system 

2. Example configuration 

 2-1. Example configuration of base station 

 2-2. Example configuration of terminal apparatus 

 2.3. Example configuration of communication control apparatus 15 

3. Operation processing 

 3-1. Uplink communication 

 3-2. Downlink communication 

4. Application examples 

5. Conclusion 20 

[0018] 

<1. Introduction> 

[1-1. IDMA] 

 First, technologies related to IDMA are described with reference to FIGS. 1 

to 4.  FIGS. 1 to 4 are explanatory diagrams for describing the technologies related 25 

to IDMA. 

[0019] 

 Non-orthogonal multiple access has been attracting attention as one of 5G 

radio access technologies following long term evolution (LTE)/LTE-advanced (LTE-

A). 30 

[0020] 



 

7 

 In orthogonal frequency division multiple access (OFDMA) or single-

carrier FDMA (SC-FDMA) adopted in LTE, radio resources are allocated so as not to 

overlap between user terminals within a cell.  Note that radio resources are 

resources of frequency or time for radio communication, which include various types 

such as a resource block, a subframe, and a resource element.  Such a radio access 5 

technology of allocating radio resources so that they do not overlap is also called 

orthogonal multiple access. 

[0021] 

 Here, FIG. 1 illustrates an example of allocation of radio resources in 

orthogonal multiple access.  In FIG. 1, the horizontal axis indicates frequency, and 10 

radio resources allocated to different users are shown by different colors.  As 

illustrated in FIG. 1, resource blocks (RBs) different in the frequency direction, for 

example, can be allocated to users in orthogonal multiple access. 

[0022] 

 In contrast, in non-orthogonal multiple access, at least partly overlapping 15 

radio resources are allocated to user terminals within a cell.  In the case where non-

orthogonal multiple access is adopted, signals transmitted and received by user 

terminals within a cell can interfere with each other in a wireless space.  The 

receiving side, however, is able to acquire information for each user through 

predetermined decoding processing.  It is theoretically known that non-orthogonal 20 

multiple access achieves higher communication capability (or cell communication 

capability) than orthogonal multiple access when the allocation of radio resources is 

executed appropriately. 

[0023] 

 Here, FIG. 2 illustrates an example of allocation of radio resources in non-25 

orthogonal multiple access.  In FIG. 2, the horizontal axis indicates frequency, and 

radio resources allocated to different users are shown by different colors.  As 

illustrated in FIG. 2, resource blocks overlapping in the frequency direction, for 

example, can be allocated to users in non-orthogonal multiple access. 

[0024] 30 

 IDMA is one of radio access technologies categorized as non-orthogonal 
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multiple access.  In IDMA, to identify user signals, different interleave patterns, 

which are used for interleave processing that a transmitting-side apparatus executes 

on transmission signals, are allocated to different users.  A receiving-side apparatus 

decodes user signals separately by using de-interleave patterns corresponding to the 

interleave patterns allocated to the respective users.  An advantage of IDMA is a 5 

light load of signal processing by the transmitting-side apparatus.  This advantage is 

particularly emphasized in uplink (UL) from a user terminal to a base station. 

[0025] 

 Here, FIG. 3 illustrates a basic example configuration of a transmitting 

station 10 that performs radio communication using IDMA.  As illustrated in FIG. 3, 10 

the transmitting station 10 includes an error correction encoding circuit 11, an 

interleaver (πi) 12, a digital modulation circuit 13, and a radio frequency (RF) circuit 

14.  The error correction encoding circuit 11 performs error correct encoding on an 

information bit string of a user i.  The interleaver (πi) 12, which is an interleaver for 

which an interleaver setting for the user i is made, performs interleave processing on 15 

the information bit string that has been subjected to error correction encoding.  The 

digital modulation circuit 13 digitally modulates the information bit string that has 

gone through interleave processing.  The RF circuit 14 performs various kinds of 

signal processing on a signal after digital modulation, and transmits a radio signal via 

an antenna.  Note that an interleaver setting is a setting related to at least one of an 20 

interleaver type and an interleave pattern. 

[0026] 

 FIG. 4 illustrates a basic example configuration of a receiving station 20 that 

performs radio communication using IDMA.  As illustrated in FIG. 4, the receiving 

station 20 includes an RF circuit 21, a signal separation circuit 22, and decoding 25 

circuits 23.  The RF circuit 21 performs various kinds of signal processing on a 

radio signal received by an antenna, and outputs the resulting signal to the signal 

separation circuit 22.  The signal separation circuit 22 has a function of separating a 

composite signal, in which signals from users are combined, into signals for the 

respective users, and outputs each user signal obtained by the separation to the 30 

corresponding decoding circuit 23.  For example, the decoding circuit 23i includes a 
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de-interleaver (πi
-1

) 24 for which a de-interleaver setting for a user i is made, an error 

correction decoding circuit 25, and an interleaver (πi) 26 for which an interleaver 

setting for the user i is made.  The decoding circuit 23i, to which a user signal from 

the user i is input, performs de-interleave processing by the de-interleaver (πi
-1

) 24 

and decoding by the error correction decoding circuit 25.  The decoding circuit 23i 5 

outputs the decoded signal as an information bit string of the user i when decoding 

has been performed correctly.  In addition, the decoding circuit 23i performs 

interleave processing by the interleaver (πi) 26 on the decoded signal, and returns the 

resulting signal as a user signal for the user i to the signal separation circuit 22.  

Such returning of a user signal is performed for all the user signals.  The signal 10 

separation circuit 22 performs signal separation again using returned user signals, 

and outputs user signals after the separation to the decoding circuits 23 again.  The 

receiving station 20 repeats the signal processing by the signal separation circuit 22 

and the decoding circuits 23, thereby decoding user signals.  Such decoding of user 

signals from a multiple signal is also called multi user detection below. 15 

[0027] 

 In IDMA, for the receiving side to perform multi user detection, it is 

preferred to provide a mechanism in which the receiving side efficiently regenerates 

an interleave pattern generated at the transmitting side.  In particular, it is preferred 

to provide a mechanism in which a small amount of memory is needed at the 20 

receiving side and a small amount of signaling is exchanged between the transmitting 

side and the receiving side. 

[0028] 

[1-2. Interleaver type] 

 IDMA involves various interleaver types.  An interleaver type, which 25 

means a type of interleaver, is a policy of an interleave pattern used by an interleaver.  

Correlation characteristics are maintained between interleave patterns of the same 

interleaver type.  In contrast, correlation characteristics are unknown between 

interleave patterns of different interleaver types.  Therefore, it is preferred to 

allocate different interleave patterns of the same interleaver type for users between 30 

which interference can occur. 
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[0029] 

 Main parameters that define an interleaver type are as follows.  

Reproducibility means difficulty in reproducing an interleaver used by the 

transmitting side at the receiving side, for example. 

- Interleaver characteristics 5 

 - Correlation characteristics 

 - Number of interleavers 

- Reproducibility 

 - Computational complexity 

 - Consumption of memory 10 

 - Signaling overhead 

[0030] 

 Table 1 below shows a list of main interleaver types discussed in papers and 

the like. 

[0031] 15 

[Table 1]  
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[0032] 

 As shown in Table 1, different interleaver types differ in characteristics and 

reproducibility.  Note that in Table 1, reproducibility is shown as complexity, 

memory, and bandwidth. 5 

[0033] 

[1-3. Overview of radio communication system] 

 FIG. 5 is an explanatory diagram for describing an overview of a radio 

communication system according to an embodiment of the present disclosure.  As 

illustrated in FIG. 5, a radio communication system 1 according to the present 10 

embodiment includes a base station 100, a terminal apparatus 200, a communication 

control apparatus 300, and a core network 500. 

[0034] 

 The base station 100 is a radio communication apparatus that provides a 

radio communication service for one or more terminal apparatuses 200 located inside 15 



 

12 

a cell 400, and transmits and receives data to/from the terminal apparatuses 200.  

For example, the base station 100 is an evolutional Node B (eNB) or an access point 

in a cellular system.  The base station 100 is connected to the core network 500.  

The core network 500 is connected to a packet data network (PDN) via a gateway 

apparatus.  The cell 400 may be operated in accordance with any radio 5 

communication scheme, such as long term evolution (LTE), LTE-advanced (LTE-A), 

GSM (registered trademark), UMTS, W-CDMA, CDMA2000, WiMAX, WiMAX2, 

or IEEE802.16. 

[0035] 

 The terminal apparatus 200 is a radio communication apparatus that is 10 

provided with the radio communication service by the base station 100, and transmits 

and receives data to/from the base station 100.  For example, the terminal apparatus 

200 is a user terminal (user equipment (UE)) in a cellular system. 

[0036] 

 The communication control apparatus 300 is an apparatus that coordinately 15 

controls radio communication by the base station 100 and the terminal apparatus 200.  

In the example illustrated in FIG. 5, the communication control apparatus 300 is a 

server.  Without being limited to the example illustrated in FIG. 5, for example, the 

communication control apparatus 300 may be a function implemented by one of a 

macro cell, a small cell cluster, and a small cell, or may be realized as any apparatus 20 

(physical apparatus or logical apparatus) within the core network 500. 

[0037] 

 The purpose of interleave performed in IDMA is to randomize interference 

between users.  An interleave pattern selected at the transmitting side is preferably 

an interleave pattern that makes correlation characteristics with respect to other users 25 

closer to decorrelation.  However, in uplink communication, in the case where the 

terminal apparatus 200 selects an interleave pattern to use by itself, it may be 

difficult to maintain favorable correlation characteristics (decorrelation) between 

terminal apparatuses 200.  For example, in the case where terminal apparatuses 200 

select interleave patterns in high correlation with each other, interference may occur, 30 

which may make it difficult to decode signals from the terminal apparatuses 200 in 
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the base station 100 serving as the receiving side.  Such interference may occur 

noticeably in the case where the terminal apparatus 200 is positioned at a cell 

boundary. 

[0038] 

 FIG. 6 is an explanatory diagram for describing an example of inter-cell 5 

interference in uplink communication.  In the example illustrated in FIG. 6, the base 

station 100A communicates with the terminal apparatus 200A, and the base station 

100B communicates with the terminal apparatus 200B.  The terminal apparatuses 

200A and 200B are positioned at cell edges of the cells 400A and 400B.  In such a 

positional relation, for example, uplink traffic transmitted by the terminal apparatus 10 

200B to the base station 100B may cause interference with uplink traffic transmitted 

by the terminal apparatus 200A to the base station 100A.  Needless to say, such 

interference may occur similarly in downlink communication as well.  In IDMA 

communication, a mechanism that reduces such inter-cell interference is preferably 

provided.  Hence, in the present embodiment, the communication control apparatus 15 

300 allocates interleave patterns to be used by the terminal apparatuses 200, thereby 

avoiding such interference. 

[0039] 

 On the other hand, in 5G, multiple radio access technology (RAT) and 

multiple layer network have been under study, and various radio access technologies 20 

and architectures may coexist.  In such a network, high flexibility is preferably 

achieved.  Here, IDMA communication involves various types of interleavers, as 

shown in Table 1.  To achieve high flexibility demanded in 5G, a mechanism in 

which various types of interleavers are available is preferably provided.  Hence, in 

the present embodiment, the communication control apparatus 300 allocates 25 

interleaver types to be used by the terminal apparatuses 200, thereby achieving high 

flexibility.  In the description below, allocation of at least one of an interleaver type 

and an interleave pattern to be used by the terminal apparatus 200 by the 

communication control apparatus 300 is also called allocation of an interleaver. 

[0040] 30 

<2. Example configuration> 
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 Now, example configurations of the base station 100, the terminal apparatus 

200, and the communication control apparatus 300 according to the present 

embodiment will be described with reference to FIGS. 7 to 10. 

[0041] 

[2-1. Example configuration of base station] 5 

 FIG. 7 is a block diagram illustrating an example of a logical configuration 

of the base station 100 according to the present embodiment.  As illustrated in FIG. 

7, the base station 100 includes a radio communication unit 110, a communication 

unit 120, a storage unit 130, and a control unit 140. 

[0042] 10 

(1) Radio communication unit 110 

 The radio communication unit 110 is a communication interface via which 

the base station 100 communicates with other apparatuses.  The radio 

communication unit 110 according to the present embodiment has a function of 

performing radio communication using IDMA with the terminal apparatus 200.  15 

The radio communication unit 110 may transmit and receive control information 

to/from the terminal apparatus 200.  For example, the base station 100 transmits 

information indicating an interleaver allocated by the communication control 

apparatus 300 to the terminal apparatus 200.  As will be described later, in uplink 

communication, there is a case where the terminal apparatus 200 serving as the 20 

transmitting side selects (allocates) an interleave pattern.  In that case, the radio 

communication unit 110 receives information indicating an interleave pattern to be 

used by the terminal apparatus 200 from the terminal apparatus 200. 

[0043] 

(2) Communication unit 120 25 

 The communication unit 120 is a communication interface via which the 

base station 100 communicates with other apparatuses.  The communication unit 

120 according to the present embodiment transmits and receives data to/from the 

communication control apparatus 300 by wire or wirelessly.  For example, the 

communication unit 120 transmits information needed by the communication control 30 

apparatus 300 for interleaver allocation processing to the communication control 



 

15 

apparatus 300, and receives information indicating an allocated interleaver. 

[0044] 

(3) Storage unit 130 

 The storage unit 130 has a function of storing various kinds of information.  

For example, the storage unit 130 stores information indicating an interleaver 5 

allocated by the communication control apparatus 300. 

[0045] 

(4) Control unit 140 

 The control unit 140 functions as an arithmetic processing apparatus and a 

control apparatus, and controls the whole operation within the base station 100 in 10 

accordance with various programs. 

[0046] 

- Uplink communication 

 For example, the control unit 140 has a function of controlling reception 

processing by the radio communication unit 110 in uplink communication. 15 

[0047] 

 For example, the control unit 140 controls the radio communication unit 110 

to perform multi user detection in accordance with an interleaver allocated to the 

terminal apparatus 200 serving as the transmitting side, and decode a user signal 

transmitted by the terminal apparatus 200.  Note that information indicating an 20 

interleaver type allocated to the terminal apparatus 200 is reported from the 

communication control apparatus 300.  Information indicating an interleave pattern 

allocated to the terminal apparatus 200 is reported from the communication control 

apparatus 300 in the case where the communication control apparatus 300 has 

performed the allocation, and is reported from the terminal apparatus 200 in the case 25 

where the terminal apparatus 200 has performed the allocation.  The control unit 

140 controls the radio communication unit 110 to report an ACK signal 

(acknowledgment) or a NACK signal (negative acknowledgment) to the terminal 

apparatus 200 serving as the transmitting side, depending on whether the decoding of 

the user signal is successful or unsuccessful. 30 

[0048] 
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- Downlink communication 

 For example, the control unit 140 has a function of controlling transmission 

processing by the radio communication unit 110 in downlink communication.  

Description on this function is similar to description on the terminal apparatus 200 in 

uplink communication, which is given below; therefore, detailed description is 5 

omitted here. 

[0049] 

 The example configuration of the base station 100 according to the present 

embodiment has been described above. 

[0050] 10 

[2-2. Example configuration of terminal apparatus] 

 FIG. 8 is a block diagram illustrating an example of a logical configuration 

of the terminal apparatus 200 according to the present embodiment.  As illustrated 

in FIG. 8, the terminal apparatus 200 includes a radio communication unit 210, a 

storage unit 220, and a control unit 230. 15 

[0051] 

(1) Radio communication unit 210 

 The radio communication unit 210 is a communication interface via which 

the terminal apparatus 200 communicates with other apparatuses.  The radio 

communication unit 210 according to the present embodiment has a function of 20 

performing radio communication using IDMA with the base station 100.  The radio 

communication unit 210 may transmit and receive control information to/from the 

base station 100.  For example, the radio communication unit 210 transmits a 

message requesting interleaver allocation to the base station 100.  In the description 

below, this message is also called an IDMA request.  The IDMA request may be a 25 

message requesting allocation of an interleaver type, or may be a message requesting 

allocation of an interleaver type and an interleave pattern.  The IDMA request is 

transferred to the communication control apparatus 300 by the base station 100.  

Then, the radio communication unit 210 receives information indicating an 

interleaver allocated by the communication control apparatus 300 from the base 30 

station 100.  In the description below, a message including information indicating 



 

17 

an interleaver allocated by the communication control apparatus 300 is also called an 

IDMA response.  The IDMA response includes information indicating an allocated 

interleaver type or information indicating an allocated interleaver type and interleave 

pattern.  In the case where the terminal apparatus 200 selects an interleave pattern, 

the radio communication unit 210 transmits information indicating an interleave 5 

pattern to be used by the terminal apparatus 200 to the base station 100. 

[0052] 

(2) Storage unit 220 

 The storage unit 220 has a function of storing various kinds of information.  

For example, the storage unit 220 stores information indicating an interleaver 10 

allocated by the communication control apparatus 300. 

[0053] 

(3) Control unit 230 

 The control unit 230 functions as an arithmetic processing apparatus and a 

control apparatus, and controls the whole operation within the terminal apparatus 200 15 

in accordance with various programs. 

[0054] 

- Uplink communication 

 For example, the control unit 230 has a function of controlling transmission 

processing by the radio communication unit 210 in uplink communication. 20 

[0055] 

 For example, the control unit 230 has a function of selecting an optimal 

communication scheme from a plurality of communication schemes.  Specifically, 

the control unit 230 has a function of determining whether to perform signal 

transmission using IDMA.  The control unit 230 may determine whether to perform 25 

signal transmission using IDMA, on the basis of a packet size of transmission data, 

uplink channel quality, a modulation and coding scheme (MCS) index, and the like.  

Note that the control unit 230 may select multiple access communication of a 

complex type, such as OFDM-IDMA.  When determining to perform signal 

transmission using IDMA, the control unit 230 controls the radio communication 30 

unit 210 to transmit an IDMA request to the base station 100.  In uplink 
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communication, the terminal apparatus 200 transmits uplink control information 

(UCI) including a scheduling request to the base station 100.  Similarly, the terminal 

apparatus 200 may transmit UCI including the IDMA request to the base station 100.  

Note that the determination of whether the terminal apparatus 200 performs signal 

transmission using IDMA may be performed by the communication control 5 

apparatus 300.  In that case, the control unit 230 controls the radio communication 

unit 210 to transmit information such as a packet size of transmission data, uplink 

channel quality, and a MCS index to the communication control apparatus 300 via 

the base station 100. 

[0056] 10 

 For example, the control unit 230 controls interleave processing using an 

interleaver allocated by the communication control apparatus 300.  Specifically, the 

control unit 230 controls the radio communication unit 210 to perform interleave 

processing for IDMA by using an interleaver of an interleaver type allocated by the 

communication control apparatus 300.  Furthermore, the control unit 230 may 15 

control the radio communication unit 210 to perform interleave processing for IDMA 

by using an interleave pattern allocated by the communication control apparatus 300. 

[0057] 

 Instead of the allocation by the communication control apparatus 300, the 

control unit 230 itself may select an interleave pattern to be used for interleave 20 

processing performed by the radio communication unit 210.  The control unit 230 

can select (allocate) an interleave pattern by a method similar to that for the 

communication control apparatus 300.  The method for interleave pattern allocation 

will be described later as description on the communication control apparatus 300; 

therefore, detailed description is omitted here. 25 

[0058] 

 In the case where the control unit 230 selects an interleave pattern, the 

control unit 230 controls the radio communication unit 210 to transmit a message 

including information indicating a selected interleave pattern to the base station 100 

serving as the receiving side.  This message may be included in UCI.  Thus, the 30 

base station 100 serving as the receiving side can find the interleave pattern used at 
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the transmitting side, and thus can perform multi user detection. 

[0059] 

- Downlink communication 

 For example, the control unit 230 has a function of controlling reception 

processing by the radio communication unit 210 in downlink communication.  5 

Description on this function is similar to description on the base station 100 in uplink 

communication; therefore, detailed description is omitted here. 

[0060] 

 The example configuration of the terminal apparatus 200 according to the 

present embodiment has been described above. 10 

[0061] 

[2-3. Example configuration of communication control apparatus] 

 FIG. 9 is a block diagram illustrating an example of a logical configuration 

of the communication control apparatus 300 according to the present embodiment.  

As illustrated in FIG. 9, the communication control apparatus 300 includes a 15 

communication unit 310, a storage unit 320, and a control unit 330. 

[0062] 

(1) Communication unit 310 

 The communication unit 310 is a communication interface via which the 

communication control apparatus 300 communicates with other apparatuses.  For 20 

example, the communication unit 310 communicates with a radio communication 

apparatus of the radio communication system 1 using IDMA.  The communication 

unit 310 according to the present embodiment directly or indirectly transmits and 

receives data to/from the base station 100 or the terminal apparatus 200, which 

performs transmission or reception using IDMA. 25 

[0063] 

 For example, the communication unit 310 receives an IDMA request from 

the radio communication apparatus (the base station 100 or the terminal apparatus 

200).  This reception of the IDMA request serves as a trigger for the control unit 

330 to perform interleaver allocation.  The communication unit 310 may receive 30 

information needed for allocation processing. 
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[0064] 

 For example, the communication unit 310 transmits a message including 

information indicating an interleaver type allocated by the control unit 330 to the 

radio communication apparatus.  In addition, the communication unit 310 transmits 

a message including information indicating an interleave pattern allocated by the 5 

control unit 330 to the radio communication apparatus.  These pieces of information 

may be transmitted as one message, or may be transmitted separately; in this 

specification, the message is also called an IDMA response in both cases.  When 

being transmitted from the base station 100 to the terminal apparatus 200, the IDMA 

response may be transmitted using, for example, a system information block (SIB) or 10 

downlink control information (DCI).  More specifically, the IDMA response may be 

transmitted using a physical downlink control channel (PDCCH) or a physical 

broadcast channel (PBCH). 

[0065] 

 The communication control apparatus 300 may be identical to or 15 

independent of the base station 100 or the terminal apparatus 200.  The 

identicalness/independence here includes logical identicalness/independence as well 

as physical identicalness/independence.  The communication unit 310 performs 

transmission and reception to/from an independent apparatus via a wired or wireless 

communication circuit, and performs transmission and reception inside the apparatus 20 

for an identical apparatus. 

[0066] 

(2) Storage unit 320 

 The storage unit 320 has a function of storing various kinds of information.  

For example, the storage unit 320 stores information indicating interleavers allocated 25 

to the base stations 100 or the terminal apparatuses 200. 

[0067] 

(3) Control unit 330 

 The control unit 330 functions as an arithmetic processing apparatus and a 

control apparatus, and controls the whole operation within the communication 30 

control apparatus 300 in accordance with various programs. 
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[0068] 

 For example, the control unit 330 has a function of coordinately controlling 

radio communication using IDMA in the radio communication system 1.  

Specifically, the control unit 330 allocates an interleaver type to a radio 

communication apparatus that is a transmission source of an IDMA request and 5 

serves as the data transmitting side.  Furthermore, the control unit 330 may allocate 

an interleave pattern.  Normally, a plurality of interleave patterns are generated 

when an input parameter for an interleaver type is changed; therefore, the control 

unit 330 allocates an interleave pattern by designating a parameter used for 

generation of an interleave pattern.  Interleave pattern allocation may be performed 10 

by the radio communication apparatus of the data transmitting side.  The allocation-

target radio communication apparatus is the terminal apparatus 200 serving as the 

data transmitting side in uplink communication, and is the base station 100 serving as 

the data transmitting side in downlink communication.  Interleaver type allocation 

and interleave pattern allocation are specifically described below. 15 

[0069] 

(Interleaver type allocation) 

 For example, the control unit 330 allocates an interleaver type of an 

interleaver to be used for IDMA by the allocation-target radio communication 

apparatus.  There are various methods for interleaver type allocation by the control 20 

unit 330.  As examples of the methods, static interleaver type allocation and 

dynamic interleaver type allocation are described below. 

[0070] 

- Static interleaver type allocation (Semi-static allocation) 

 For example, the control unit 330 allocates an interleaver type on the basis 25 

of attribute information related to the radio communication apparatus.  Examples of 

attribute information are shown below. 

[0071] 

- Capability 

 memory, complexity of calculation, etc. 30 

- Communication type 
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 cellular, device to device (D2D), machine type communication (MTC), etc. 

- Deployment type 

 macro cell, small cell, femtocell, Phantom cell, distributed antenna system 

(DAS), etc. 

[0072] 5 

 The control unit 330 acquires attribute information, examples of which are 

shown above, from the base station 100 or the terminal apparatus 200, and uses the 

attribute information as a parameter for interleaver type allocation.  Note that the 

communication type may depend on the amount of signaling information. 

[0073] 10 

 For example, in uplink communication, the control unit 330 allocates an 

interleaver type to be used by the terminal apparatus 200 in accordance with the 

capability of the terminal apparatus 200.  Thus, the control unit 330 can allocate an 

interleaver type having favorable characteristics but having a large memory usage or 

high calculation complexity to a terminal apparatus 200 having a large amount of 15 

memory and high arithmetic capacity, for example. 

[0074] 

 For example, in uplink communication, the control unit 330 allocates an 

interleaver type to be used by the terminal apparatus 200 in accordance with the 

communication type of the terminal apparatus 200.  Thus, the control unit 330 can 20 

allocate an interleaver type having a small amount of signaling for generation of an 

interleave pattern, for a communication type in which a small amount of signaling 

information is preferred, such as MTC, for example. 

[0075] 

 Static interleaver type allocation has been described above.  Now, dynamic 25 

interleaver type allocation will be described. 

[0076] 

- Dynamic interleaver type allocation (Dynamic allocation) 

 For example, the control unit 330 allocates an interleaver type on the basis 

of a communication state related to the radio communication apparatus.  Examples 30 

of a communication state are shown below. 
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[0077] 

- Number of multiplexed users (e.g., number of multiplexed UEs) 

- Interleaver allocation situation of adjacent cell 

- Communication scheme 

 semi-static, dynamic 5 

- Packet retransmission or not, retransmission method 

 hybrid automatic repeat-request (HARQ) 

- Requested throughput 

- Requested quality of service (QoS) 

[0078] 10 

 The control unit 330 acquires information indicating a communication state, 

examples of which are shown above, from the base station 100 or the terminal 

apparatus 200, and uses the information as a parameter for interleaver type allocation. 

[0079] 

 For example, the control unit 330 dynamically allocates an interleaver type 15 

or changes allocation in accordance with the number of multiplexed UEs.  Thus, the 

control unit 330 can allocate an interleaver type not having favorable correlation 

characteristics but allowing easy generation of an interleave pattern, in the case 

where the number of multiplexed UEs is small, for example. 

[0080] 20 

 For example, the control unit 330 dynamically allocates an interleaver type 

or changes allocation on the basis of the interleaver allocation situation of an 

adjacent cell.  Thus, the control unit 330 can allocate an interleaver type in 

accordance with an interleaver type used in the adjacent cell so as to reduce inter-cell 

interference, for example.  Interleaver type allocation in accordance with the 25 

interleaver allocation situation of an adjacent cell is described below with reference 

to FIG. 10. 

[0081] 

 FIG. 10 is an explanatory diagram for describing an example of dynamic 

interleaver type allocation according to the present embodiment.  In the example 30 

illustrated in FIG. 10, the cells 400A, 400B, and 400C operated by the base stations 
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100A, 100B, and 100C are adjacent to each other.  In interleaver type allocation in 

accordance with the interleaver allocation situation of an adjacent cell, the control 

unit 330 first sets a management area.  The management area may be set inside one 

cell, or may be set across a plurality of adjacent cells.  In the example illustrated in 

FIG. 10, the control unit 330 sets a management area 600 across the cells 400A, 5 

400B, and 400C.  Then, the control unit 330 allocates the same interleaver type 

preferentially to radio communication apparatuses belonging to the set management 

area 600.  Thus, the same interleaver type is allocated between adjacent cells.  

Since correlation characteristics are maintained between interleave patterns of the 

same interleaver type, inter-cell interference within the management area 600 can be 10 

suppressed. 

[0082] 

 Dynamic interleaver type allocation has been described above. 

[0083] 

(Interleave pattern allocation) 15 

 The control unit 330 may allocate an interleave pattern to be used for IDMA 

by the allocation-target radio communication apparatus.  For example, after 

performing the static or dynamic interleaver type allocation described above, the 

control unit 330 allocates an interleave pattern in the allocated interleaver type.  The 

control unit 330 performs interleave pattern allocation using parameters shown below, 20 

for example. 

[0084] 

- Static parameters 

 - Cell ID, virtual cell ID, global cell ID, communication point (transmission 

point) ID 25 

 - Radio network temporary identifier (RNTI) 

 - Offset (peculiar to the terminal apparatus 200) 

 - System frame number (SFN), subframe index 

- Dynamic parameters 

 - Data length, code block length, codeword length 30 

 - Resource usage (resource block, resource element) 
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 - MCS index, CQI index, precoding matrix indicator (PMI), rank indicator 

(RI) 

 - Number of multiplexed users (e.g., number of multiplexed UEs) 

 - Initial master interleaver, common interleaver 

[0085] 5 

 The control unit 330 may allocate different interleave patterns to radio 

communication apparatuses to which the same interleaver type is allocated.  Thus, 

correlation characteristics are maintained between the radio communication 

apparatuses to which the same interleaver type is allocated, so that interference is 

avoided. 10 

[0086] 

 The control unit 330 controls the communication unit 310 to contain 

information indicating the allocated interleave pattern in an IDMA response, and 

transmit the IDMA response to the allocation-target radio communication apparatus.  

The information indicating the interleave pattern, which is to be contained in the 15 

IDMA response, may be a parameter used by the control unit 330 for interleave 

pattern allocation.  The allocation-target radio communication apparatus can 

generate the allocated interleave pattern using the parameter contained in the IDMA 

response, and use the interleave pattern.  Note that an interleave pattern is 

reproduced (generated) at a radio communication apparatus of the receiving side as 20 

well as a radio communication apparatus of the transmitting side. 

[0087] 

 In the case where a parameter used for interleave pattern allocation is 

included in existing control information etc. being signaled, the parameter is not 

necessarily included in the IDMA response.  In that case, for example, the terminal 25 

apparatus 200 can combine a parameter included in the IDMA response with a 

parameter included in the control information to generate the allocated interleave 

pattern.  The amount of signaling for reporting an interleave pattern is suppressed; 

thus, the overhead of the radio communication system 1 is suppressed.  Examples of 

a parameter that may be included in existing control information etc. being signaled 30 

include a cell ID, a RNTI, a SFN, and a subframe index. 
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[0088] 

 Such suppression of the amount of signaling for reporting an interleave 

pattern may be performed similarly also in the case where the terminal apparatus 200 

allocates an interleave pattern.  For example, when the terminal apparatus 200 

serving as the transmitting side reports information indicating an interleave pattern 5 

allocated by the terminal apparatus 200 itself to the base station 100 serving as the 

receiving side, a parameter included in existing control information etc. being 

signaled may be omitted from parameters to be reported.  In that case, for example, 

the base station 100 can combine a parameter received from the terminal apparatus 

200 with a parameter included in the control information to generate the allocated 10 

interleave pattern. 

[0089] 

 Interleave pattern allocation has been described above. 

[0090] 

 In addition, in the case where the determination of whether to perform 15 

signal transmission using IDMA is not performed at the radio communication 

apparatus side, the control unit 330 may determine whether to permit signal 

transmission using IDMA by the radio communication apparatus.  For example, the 

control unit 330 can determine whether to permit signal transmission using IDMA, 

on the basis of a packet size of transmission data transmitted by the radio 20 

communication apparatus, uplink channel quality, a MCS index, and the like.  

These pieces of information are received from the radio communication apparatus 

performing data transmission, together with or separately from an IDMA request.  

The control unit 330 may make the determination further on the basis of, in addition 

to these pieces of information acquired from the radio communication apparatus, 25 

information on another terminal apparatus 200 within the same cell as the radio 

communication apparatus or the IDMA execution situation of an adjacent cell, for 

example. 

[0091] 

 The example configuration of the communication control apparatus 300 30 

according to the present embodiment has been described above. 
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[0092] 

<3. Operation processing> 

 Now, examples of operation processing of the radio communication system 

1 according to the present embodiment will be described with reference to FIGS. 11 

to 14. 5 

[0093] 

[3-1. Uplink communication] 

 FIG. 11 is a sequence diagram illustrating an example of the flow of IDMA 

communication processing executed in the radio communication system 1 according 

to the present embodiment.  As illustrated in FIG. 11, this sequence involves the 10 

terminal apparatus 200, the base station 100, and the communication control 

apparatus 300. 

[0094] 

 First, in step S102, the terminal apparatus 200 performs IDMA execution 

determination processing.  For example, the terminal apparatus 200 determines 15 

whether to perform signal transmission using IDMA, on the basis of a packet size of 

transmission data, uplink channel quality, a MCS index, and the like.  In the case 

where IDMA execution determination processing is performed in step S108 

described later, this step may be omitted. 

[0095] 20 

 Then, in step S104, UCI generation processing is performed.  For example, 

the terminal apparatus 200 generates UCI including an IDMA request and a 

scheduling request. 

[0096] 

 Next, in step S106, the terminal apparatus 200 transmits the scheduling 25 

request and the IDMA request to the base station 100.  Specifically, the terminal 

apparatus 200 transmits the UCI generated in step S104.  The base station 100 

relays the received IDMA request to the communication control apparatus 300. 

[0097] 

 Then, in step S108, the communication control apparatus 300 performs 30 

IDMA execution determination processing.  For example, the communication 
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control apparatus 300 determines whether to permit signal transmission using IDMA, 

on the basis of a packet size of transmission data transmitted by the terminal 

apparatus 200, uplink channel quality, a MCS index, and the like.  In the case where 

IDMA execution determination processing is performed in step S102 described 

above, this step may be omitted. 5 

[0098] 

 Then, in step S110, the communication control apparatus 300 performs 

interleaver allocation processing.  Interleaver allocation processing will be 

described with reference to FIGS. 12 and 13; therefore, detailed description is 

omitted here. 10 

[0099] 

 Next, in step S112, the communication control apparatus 300 transmits an 

IDMA response to the base station 100.  For example, the communication control 

apparatus 300 transmits an IDMA response in which information indicating a result 

of the allocation in step S110 is contained. 15 

[0100] 

 Then, in step S114, the base station 100 performs scheduling processing.  

For example, the base station 100 performs scheduling in accordance with the 

scheduling request received in step S106. 

[0101] 20 

 Next, in step S116, the base station 100 transmits scheduling information 

and the IDMA response to the terminal apparatus 200.  For example, the base 

station 100 transmits scheduling information (Scheduling grant) indicating a result of 

the scheduling in step S114 by using a PDCCH.  This scheduling information 

includes information such as the position of a RB to be used for data transmission, a 25 

modulation scheme, a data size, and a command for transmission power control.  In 

addition, the base station 100 transmits the IDMA response received in step S112 by 

using a PDCCH or a PBCH. 

[0102] 

 When using a PDCCH, the base station 100 can report a parameter used for 30 

generation of an interleave pattern, in addition to information indicating an 
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interleaver type, directly to the terminal apparatus 200.  On the other hand, when 

using a PBCH, the base station 100 reports information associating parameters used 

for interleaver type allocation with interleaver types to be allocated, for example, to 

all the terminal apparatuses 200 within a cell.  The terminal apparatus 200 uses an 

interleaver type associated with its attribute information or communication state in 5 

the reported information.  In this case, the terminal apparatus 200 itself may allocate 

an interleave pattern. 

[0103] 

 Then, in step S118, the terminal apparatus 200 performs IDMA signal 

generation processing.  For example, the terminal apparatus 200 generates a radio 10 

signal subjected to interleave processing for IDMA, by using an interleaver type and 

an interleave pattern indicated by information contained in the IDMA request 

received in step S116.  This radio signal is also called an IDMA signal below. 

[0104] 

 Then, in step S120, the terminal apparatus 200 transmits the IDMA signal 15 

generated in step S118 to the base station 100.  In the case where the terminal 

apparatus 200 itself allocates an interleave pattern, the terminal apparatus 200 

contains a message including information indicating the allocated interleave pattern 

in UCI, for example, and transmits the UCI to the base station 100. 

[0105] 20 

 Next, in step S122, the base station 100 performs multi user detection.  For 

example, the base station 100 performs signal separation using an interleaver type 

and an interleave pattern indicated by information contained in the IDMA request 

received in step S112, thereby decoding the IDMA signal transmitted by the terminal 

apparatus 200.  In the case where an interleave pattern is allocated by the terminal 25 

apparatus 200, the base station 100 performs signal separation using an interleave 

pattern indicated by information contained in a message received from the terminal 

apparatus 200. 

[0106] 

 Then, in step S124, the base station 100 transmits an ACK signal or a 30 

NACK signal to the terminal apparatus 200, depending on whether the decoding of 
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the IDMA signal is successful or unsuccessful. 

[0107] 

 An example of the flow of IDMA communication processing in uplink 

communication has been described above.  Now, details of the processing in step 

S110 will be described with reference to FIGS. 12 and 13. 5 

[0108] 

(Interleaver allocation processing example 1) 

 FIG. 12 is a flowchart illustrating an example of the flow of interleaver 

allocation processing executed in the communication control apparatus 300 

according to the present embodiment.  In this flow, static interleaver type allocation 10 

is adopted as a method for interleaver type allocation. 

[0109] 

 As illustrated in FIG. 12, first, in step S202, the control unit 330 of the 

communication control apparatus 300 collects parameters used for interleaver type 

allocation.  For example, the control unit 330 collects attribute information, such as 15 

capability, a communication type, or a deployment type, of the terminal apparatus 

200. 

[0110] 

 Then, in step S204, the control unit 330 allocates an interleaver type.  For 

example, the control unit 330 may allocate an interleaver type having favorable 20 

characteristics but having a large memory usage or high calculation complexity to a 

terminal apparatus 200 having a large amount of memory and high arithmetic 

capacity, for example.  Alternatively, the control unit 330 may allocate an 

interleaver type having a small amount of signaling for generation of an interleave 

pattern, for a communication type in which a small amount of signaling information 25 

is preferred, such as MTC, for example. 

[0111] 

 Next, in step S206, the control unit 330 determines whether to execute 

interleave pattern allocation.  For example, the control unit 330 determines not to 

execute interleave pattern allocation in the case where the terminal apparatus 200 30 

performs the allocation, and determines to execute interleave pattern allocation in 
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other cases. 

[0112] 

 When interleave pattern allocation is determined to be executed (S206/YES), 

the control unit 330 allocates an interleave pattern in step S208.  For example, the 

control unit 330 designates a parameter used for generation of an interleave pattern. 5 

[0113] 

 Then, in step S210, the control unit 330 reports the interleaver type and the 

interleave pattern.  For example, the control unit 330 controls the communication 

unit 310 to transmit an IDMA response in which information indicating the allocated 

interleaver type and interleave pattern is contained to the terminal apparatus 200. 10 

[0114] 

 When interleave pattern allocation is determined not to be executed 

(S206/NO), the control unit 330 reports the interleaver type in step S212.  For 

example, the control unit 330 controls the communication unit 310 to transmit an 

IDMA response in which information indicating the allocated interleaver type is 15 

contained to the terminal apparatus 200. 

[0115] 

(Interleaver allocation processing example 2) 

 FIG. 13 is a flowchart illustrating an example of the flow of interleaver 

allocation processing executed in the communication control apparatus 300 20 

according to the present embodiment.  In this flow, dynamic interleaver type 

allocation is adopted as a method for interleaver type allocation. 

[0116] 

 As illustrated in FIG. 13, first, in step S302, the control unit 330 selects a 

target cell (sector) for interleaver allocation. 25 

[0117] 

 Then, in step S304, the control unit 330 specifies a cell (sector) adjacent to 

the target cell (sector). 

[0118] 

 Next, in step S306, the control unit 330 sets a management area.  For 30 

example, the control unit 330 sets a region including the target cell and the adjacent 
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cell as the management area. 

[0119] 

 Then, in step S308, the control unit 330 determines whether IDMA is 

executed in the adjacent cell within the management area. 

[0120] 5 

 When IDMA is determined to be executed (S308/YES), the control unit 330 

specifies an interleaver type used in the adjacent cell within the management area in 

step S310. 

[0121] 

 Next, in step S312, the control unit 330 determines whether the interleaver 10 

type used in the adjacent cell within the management area is available in the target 

cell within the management area.  For example, the control unit 330 determines that 

the interleaver type is available when interleave patterns can be allocated without 

overlap in the case where the same interleaver type as that of the adjacent cell is 

allocated to a terminal apparatus 200 in the target cell, depending on the redundant 15 

number of interleave patterns in the interleaver type.  Alternatively, the control unit 

330 may make the determination depending on the capability of the terminal 

apparatus 200, for example. 

[0122] 

 When the interleaver type used in the adjacent cell is determined to be 20 

available in the target cell within the management area (S312/YES), the control unit 

330 allocates the interleaver type used in the adjacent cell to the target cell within the 

management area in step S314. 

[0123] 

 When the interleaver type used in the adjacent cell is determined to be 25 

unavailable in the target cell within the management area (S312/NO), the control unit 

330 allocates an interleaver type different from that of the adjacent cell to the target 

cell within the management area in step S316. 

[0124] 

 When IDMA is determined not to be executed in the adjacent cell 30 

(S308/NO), the control unit 330 allocates any interleaver type to the target cell 
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within the management area in step S318. 

[0125] 

 Then, in step S320, the control unit 330 allocates an interleave pattern.  At 

this time, the control unit 330 can allocate different interleave patterns to radio 

communication apparatuses to which the same interleaver type is allocated belonging 5 

to the same management area.  Thus, correlation characteristics are maintained 

between the radio communication apparatuses within the management area to which 

the same interleaver type is allocated.  This reduces inter-cell interference within 

the management area. 

[0126] 10 

[3-2. Downlink communication] 

 FIG. 14 is a sequence diagram illustrating an example of the flow of IDMA 

communication processing executed in the radio communication system 1 according 

to the present embodiment.  As illustrated in FIG. 14, this sequence involves the 

terminal apparatus 200, the base station 100, and the communication control 15 

apparatus 300.  Note that downlink communication differs from uplink 

communication in that there is no transmission/reception of a scheduling request and 

that the allocation-target radio communication apparatus is the base station 100, and 

is the same as uplink communication in other points. 

[0127] 20 

 As illustrated in FIG. 14, first, in step S402, the base station 100 performs 

IDMA execution determination processing.  In the case where IDMA execution 

determination processing is performed in step S406 described later, this step may be 

omitted. 

[0128] 25 

 Then, in step S404, the base station 100 transmits an IDMA request to the 

communication control apparatus 300. 

[0129] 

 Next, in step S406, the communication control apparatus 300 performs 

IDMA execution determination processing.  In the case where IDMA execution 30 

determination processing is performed in step S402 described above, this step may 
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be omitted. 

[0130] 

 Then, in step S408, the communication control apparatus 300 performs 

interleaver allocation processing. 

[0131] 5 

 Next, in step S410, the communication control apparatus 300 transmits an 

IDMA response to the base station 100.  The base station 100 relays the received 

IDMA response to the terminal apparatus 200.  This is for enabling multi user 

detection in the terminal apparatus 200.  In the case where the base station 100 

allocates an interleave pattern, the base station 100 transmits information indicating 10 

an interleaver type allocated by the communication control apparatus 300 and 

information indicating an interleave pattern allocated by the base station 100 itself to 

the terminal apparatus 200.  Note that the reporting of information to the terminal 

apparatus 200 may be performed in step S416. 

[0132] 15 

 Then, in step S412, the base station 100 performs scheduling processing. 

[0133] 

 Then, in step S414, the base station 100 performs IDMA signal generation 

processing.  For example, the base station 100 generates an IDMA signal subjected 

to interleave processing for IDMA, by using an interleaver type and an interleave 20 

pattern indicated by information contained in the IDMA request received in step 

S410. 

[0134] 

 Next, in step S416, the base station 100 transmits the IDMA signal 

generated in step S414 to the terminal apparatus 200. 25 

[0135] 

 Then, in step S418, the terminal apparatus 200 performs multi user detection 

to decode the IDMA signal transmitted by the base station 100. 

[0136] 

 Then, in step S420, the terminal apparatus 200 transmits an ACK signal or a 30 

NACK signal to the base station 100, depending on whether the decoding of the 
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IDMA signal is successful or unsuccessful. 

[0137] 

 An example of the flow of IDMA communication processing in downlink 

communication has been described above. 

[0138] 5 

<4. Application examples> 

 The technology of the present disclosure is applicable to various products.  

For example, the communication control apparatus 300 may be realized as any type 

of server such as a tower server, a rack server, and a blade server.  The 

communication control apparatus 300 may be a control module (such as an 10 

integrated circuit module including a single die, and a card or a blade that is inserted 

into a slot of a blade server) mounted on a server. 

[0139]  

 For example, the base station 100 may be realized as any type of evolved 

Node B (eNB) such as a macro eNB, and a small eNB.  A small eNB may be an 15 

eNB that covers a cell smaller than a macro cell, such as a pico eNB, micro eNB, or 

home (femto) eNB.  Instead, the base station 100 may be realized as any other types 

of base stations such as a NodeB and a base transceiver station (BTS).  The base 

station 100 may include a main body (that is also referred to as a base station 

apparatus) configured to control radio communication, and one or more remote radio 20 

heads (RRH) disposed in a different place from the main body.  Additionally, 

various types of terminals to be discussed later may also operate as the base station 

100 by temporarily or semi-permanently executing a base station function. 

[0140] 

 For example, the terminal apparatus 200 may be realized as a mobile 25 

terminal such as a smartphone, a tablet personal computer (PC), a notebook PC, a 

portable game terminal, a portable/dongle type mobile router, and a digital camera, 

or an in-vehicle terminal such as a car navigation apparatus.  The terminal apparatus 

200 may also be realized as a terminal (that is also referred to as a machine type 

communication (MTC) terminal) that performs machine-to-machine (M2M) 30 

communication.  Furthermore, the terminal apparatus 200 may be a radio 
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communication module (such as an integrated circuit module including a single die) 

mounted on each of the terminals. 

[0141] 

[4-1. Application example regarding communication control apparatus] 

 FIG. 15 is a block diagram illustrating an example of a schematic 5 

configuration of a server 700 to which the technology of the present disclosure may 

be applied.  The server 700 includes a processor 701, a memory 702, a storage 703, 

a network interface 704, and a bus 706. 

[0142] 

 The processor 701 may be, for example, a central processing unit (CPU) or 10 

a digital signal processor (DSP), and controls functions of the server 700.  The 

memory 702 includes random access memory (RAM) and read only memory (ROM), 

and stores a program that is executed by the processor 701 and data.  The storage 

703 may include a storage medium such as a semiconductor memory and a hard disk. 

[0143] 15 

 The network interface 704 is a wired communication interface for 

connecting the server 700 to a wired communication network 705.  The wired 

communication network 705 may be a core network such as an Evolved Packet Core 

(EPC), or a packet data network (PDN) such as the Internet. 

[0144] 20 

 The bus 706 connects the processor 701, the memory 702, the storage 703, 

and the network interface 704 to each other.  The bus 706 may include two or more 

buses (such as a high speed bus and a low speed bus) each of which has different 

speed. 

[0145] 25 

 The server 700 illustrated in FIG. 15 may function as the communication 

control apparatus 300 described above with reference to FIG. 9.  For example, the 

communication unit 310, the storage unit 320, and the control unit 330 may be 

implemented by the processor 701. 

[0146] 30 

[4.2. Application examples regarding base station] 
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(First application example) 

 FIG. 16 is a block diagram illustrating a first example of a schematic 

configuration of an eNB to which the technology of the present disclosure may be 

applied.  An eNB 800 includes one or more antennas 810 and a base station 

apparatus 820.  Each antenna 810 and the base station apparatus 820 may be 5 

connected to each other via an RF cable. 

[0147] 

 Each of the antennas 810 includes a single or multiple antenna elements 

(such as multiple antenna elements included in an MIMO antenna), and is used for 

the base station apparatus 820 to transmit and receive radio signals.  The eNB 800 10 

may include the multiple antennas 810, as illustrated in FIG. 16.  For example, the 

multiple antennas 810 may be compatible with multiple frequency bands used by the 

eNB 800.  Although FIG. 16 illustrates the example in which the eNB 800 includes 

the multiple antennas 810, the eNB 800 may also include a single antenna 810. 

[0148] 15 

 The base station apparatus 820 includes a controller 821, a memory 822, a 

network interface 823, and a radio communication interface 825. 

[0149] 

 The controller 821 may be, for example, a CPU or a DSP, and operates 

various functions of a higher layer of the base station apparatus 820.  For example, 20 

the controller 821 generates a data packet from data in signals processed by the radio 

communication interface 825, and transfers the generated packet via the network 

interface 823.  The controller 821 may bundle data from multiple base band 

processors to generate the bundled packet, and transfer the generated bundled packet.  

The controller 821 may have logical functions of performing control such as radio 25 

resource control, radio bearer control, mobility management, admission control, and 

scheduling.  The control may be performed in corporation with an eNB or a core 

network node in the vicinity.  The memory 822 includes RAM and ROM, and stores 

a program that is executed by the controller 821, and various types of control data 

(such as a terminal list, transmission power data, and scheduling data). 30 

[0150] 
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 The network interface 823 is a communication interface for connecting the 

base station apparatus 820 to a core network 824.  The controller 821 may 

communicate with a core network node or another eNB via the network interface 823.  

In that case, the eNB 800, and the core network node or the other eNB may be 

connected to each other through a logical interface (such as an S1 interface and an 5 

X2 interface).  The network interface 823 may also be a wired communication 

interface or a radio communication interface for radio backhaul.  If the network 

interface 823 is a radio communication interface, the network interface 823 may use 

a higher frequency band for radio communication than a frequency band used by the 

radio communication interface 825. 10 

[0151] 

 The radio communication interface 825 supports any cellular 

communication scheme such as Long Term Evolution (LTE) and LTE-Advanced, and 

provides radio connection to a terminal positioned in a cell of the eNB 800 via the 

antenna 810.  The radio communication interface 825 may typically include, for 15 

example, a baseband (BB) processor 826 and an RF circuit 827.  The BB processor 

826 may perform, for example, encoding/decoding, modulating/demodulating, and 

multiplexing/demultiplexing, and performs various types of signal processing of 

layers (such as L1, medium access control (MAC), radio link control (RLC), and a 

packet data convergence protocol (PDCP)).  The BB processor 826 may have a part 20 

or all of the above-described logical functions instead of the controller 821.  The 

BB processor 826 may be a memory that stores a communication control program, or 

a module that includes a processor and a related circuit configured to execute the 

program.  Updating the program may allow the functions of the BB processor 826 

to be changed.  The module may be a card or a blade that is inserted into a slot of 25 

the base station apparatus 820.  Alternatively, the module may also be a chip that is 

mounted on the card or the blade.  Meanwhile, the RF circuit 827 may include, for 

example, a mixer, a filter, and an amplifier, and transmits and receives radio signals 

via the antenna 810. 

[0152] 30 

 The radio communication interface 825 may include the multiple BB 
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processors 826, as illustrated in FIG. 16.  For example, the multiple BB processors 

826 may be compatible with multiple frequency bands used by the eNB 800.  The 

radio communication interface 825 may include the multiple RF circuits 827, as 

illustrated in FIG. 16.  For example, the multiple RF circuits 827 may be compatible 

with multiple antenna elements.  Although FIG. 16 illustrates the example in which 5 

the radio communication interface 825 includes the multiple BB processors 826 and 

the multiple RF circuits 827, the radio communication interface 825 may also include 

a single BB processor 826 or a single RF circuit 827. 

[0153] 

(Second application example) 10 

 FIG. 17 is a block diagram illustrating a second example of a schematic 

configuration of an eNB to which the technology of the present disclosure may be 

applied.  An eNB 830 includes one or more antennas 840, a base station apparatus 

850, and an RRH 860.  Each antenna 840 and the RRH 860 may be connected to 

each other via an RF cable.  The base station apparatus 850 and the RRH 860 may 15 

be connected to each other via a high speed line such as an optical fiber cable. 

[0154] 

 Each of the antennas 840 includes a single or multiple antenna elements 

(such as multiple antenna elements included in an MIMO antenna), and is used for 

the RRH 860 to transmit and receive radio signals.  The eNB 830 may include the 20 

multiple antennas 840, as illustrated in FIG. 17.  For example, the multiple antennas 

840 may be compatible with multiple frequency bands used by the eNB 830.  

Although FIG. 17 illustrates the example in which the eNB 830 includes the multiple 

antennas 840, the eNB 830 may also include a single antenna 840. 

[0155] 25 

 The base station apparatus 850 includes a controller 851, a memory 852, a 

network interface 853, a radio communication interface 855, and a connection 

interface 857.  The controller 851, the memory 852, and the network interface 853 

are the same as the controller 821, the memory 822, and the network interface 823 

described with reference to FIG. 16. 30 

[0156] 
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 The radio communication interface 855 supports any cellular 

communication scheme such as LTE and LTE-Advanced, and provides radio 

communication to a terminal positioned in a sector corresponding to the RRH 860 

via the RRH 860 and the antenna 840.  The radio communication interface 855 may 

typically include, for example, a BB processor 856.  The BB processor 856 is the 5 

same as the BB processor 826 described with reference to FIG. 16, except the BB 

processor 856 is connected to the RF circuit 864 of the RRH 860 via the connection 

interface 857.  The radio communication interface 855 may include the multiple BB 

processors 856, as illustrated in FIG. 17.  For example, the multiple BB processors 

856 may be compatible with multiple frequency bands used by the eNB 830.  10 

Although FIG. 17 illustrates the example in which the radio communication interface 

855 includes the multiple BB processors 856, the radio communication interface 855 

may also include a single BB processor 856. 

[0157] 

 The connection interface 857 is an interface for connecting the base station 15 

apparatus 850 (radio communication interface 855) to the RRH 860.  The 

connection interface 857 may also be a communication module for communication in 

the above-described high speed line that connects the base station apparatus 850 

(radio communication interface 855) to the RRH 860. 

[0158] 20 

 The RRH 860 includes a connection interface 861 and a radio 

communication interface 863. 

[0159] 

 The connection interface 861 is an interface for connecting the RRH 860 

(radio communication interface 863) to the base station apparatus 850.  The 25 

connection interface 861 may also be a communication module for communication in 

the above-described high speed line. 

[0160] 

 The radio communication interface 863 transmits and receives radio signals 

via the antenna 840.  The radio communication interface 863 may typically include, 30 

for example, the RF circuit 864.  The RF circuit 864 may include, for example, a 
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mixer, a filter, and an amplifier, and transmits and receives radio signals via the 

antenna 840.  The radio communication interface 863 may include multiple RF 

circuits 864, as illustrated in FIG. 17.  For example, the multiple RF circuits 864 

may support multiple antenna elements.  Although FIG. 17 illustrates the example 

in which the radio communication interface 863 includes the multiple RF circuits 5 

864, the radio communication interface 863 may also include a single RF circuit 864. 

[0161] 

 The eNB 800 and the eNB 830 illustrated in FIGS. 16 and 17 may function 

as the base station 100 described above with reference to FIG. 7.  For example, the 

radio communication unit 110, the communication unit 120, the storage unit 130, and 10 

the control unit 140 may be implemented by the radio communication interface 825, 

and the radio communication interface 855 and/or the radio communication interface 

863.  At least a part of these functions may be implemented by the controller 821 

and the controller 851. 

[0162] 15 

[4.3. Application examples regarding terminal apparatus] 

(First application example) 

 FIG. 18 is a block diagram illustrating an example of a schematic 

configuration of a smartphone 900 to which the technology of the present disclosure 

may be applied.  The smartphone 900 includes a processor 901, a memory 902, a 20 

storage 903, an external connection interface 904, a camera 906, a sensor 907, a 

microphone 908, an input device 909, a display device 910, a speaker 911, a radio 

communication interface 912, one or more antenna switches 915, one or more 

antennas 916, a bus 917, a battery 918, and an auxiliary controller 919. 

[0163] 25 

 The processor 901 may be, for example, a CPU or a system on a chip (SoC), 

and controls functions of an application layer and another layer of the smartphone 

900.  The memory 902 includes RAM and ROM, and stores a program that is 

executed by the processor 901, and data.  The storage 903 may include a storage 

medium such as a semiconductor memory and a hard disk.  The external connection 30 

interface 904 is an interface for connecting an external device such as a memory card 
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and a universal serial bus (USB) device to the smartphone 900. 

[0164] 

 The camera 906 includes an image sensor such as a charge coupled device 

(CCD) and a complementary metal oxide semiconductor (CMOS), and generates a 

captured image.  The sensor 907 may include a group of sensors such as a 5 

measurement sensor, a gyro sensor, a geomagnetic sensor, and an acceleration sensor.  

The microphone 908 converts sounds that are input to the smartphone 900 to audio 

signals.  The input device 909 includes, for example, a touch sensor configured to 

detect touch onto a screen of the display device 910, a keypad, a keyboard, a button, 

or a switch, and receives an operation or an information input from a user.  The 10 

display device 910 includes a screen such as a liquid crystal display (LCD) and an 

organic light-emitting diode (OLED) display, and displays an output image of the 

smartphone 900.  The speaker 911 converts audio signals that are output from the 

smartphone 900 to sounds. 

[0165] 15 

 The radio communication interface 912 supports any cellular 

communication scheme such as LTE and LTE-Advanced, and performs radio 

communication.  The radio communication interface 912 may typically include, for 

example, a BB processor 913 and an RF circuit 914.  The BB processor 913 may 

perform, for example, encoding/decoding, modulating/demodulating, and 20 

multiplexing/demultiplexing, and performs various types of signal processing for 

radio communication.  Meanwhile, the RF circuit 914 may include, for example, a 

mixer, a filter, and an amplifier, and transmits and receives radio signals via the 

antenna 916.  The radio communication interface 913 may also be a one chip 

module that has the BB processor 913 and the RF circuit 914 integrated thereon.  25 

The radio communication interface 912 may include the multiple BB processors 913 

and the multiple RF circuits 914, as illustrated in FIG. 18.  Although FIG. 18 

illustrates the example in which the radio communication interface 913 includes the 

multiple BB processors 913 and the multiple RF circuits 914, the radio 

communication interface 912 may also include a single BB processor 913 or a single 30 

RF circuit 914. 
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[0166] 

 Furthermore, in addition to a cellular communication scheme, the radio 

communication interface 912 may support another type of radio communication 

scheme such as a short-distance wireless communication scheme, a near field 

communication scheme, and a radio local area network (LAN) scheme.  In that case, 5 

the radio communication interface 912 may include the BB processor 913 and the RF 

circuit 914 for each radio communication scheme. 

[0167] 

 Each of the antenna switches 915 switches connection destinations of the 

antennas 916 among multiple circuits (such as circuits for different radio 10 

communication schemes) included in the radio communication interface 912. 

[0168] 

 Each of the antennas 916 includes a single or multiple antenna elements 

(such as multiple antenna elements included in an MIMO antenna), and is used for 

the radio communication interface 912 to transmit and receive radio signals.  The 15 

smartphone 900 may include the multiple antennas 916, as illustrated in FIG. 18.  

Although FIG. 18 illustrates the example in which the smartphone 900 includes the 

multiple antennas 916, the smartphone 900 may also include a single antenna 916. 

[0169] 

 Furthermore, the smartphone 900 may include the antenna 916 for each 20 

radio communication scheme.  In that case, the antenna switches 915 may be 

omitted from the configuration of the smartphone 900. 

[0170] 

 The bus 917 connects the processor 901, the memory 902, the storage 903, 

the external connection interface 904, the camera 906, the sensor 907, the 25 

microphone 908, the input device 909, the display device 910, the speaker 911, the 

radio communication interface 912, and the auxiliary controller 919 to each other.  

The battery 918 supplies power to blocks of the smartphone 900 illustrated in FIG. 18 

via feeder lines, which are partially shown as dashed lines in the figure.  The 

auxiliary controller 919 operates a minimum necessary function of the smartphone 30 

900, for example, in a sleep mode. 
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[0171] 

 The smartphone 900 illustrated in FIG. 18 may function as the terminal 

apparatus 200 described above with reference to FIG. 8.  For example, the radio 

communication unit 210, the storage unit 220, and the control unit 230 may be 

implemented by the radio communication interface 912.  At least a part of these 5 

functions may be implemented by the processor 901 or the auxiliary controller 919. 

[0172] 

(Second application example) 

 FIG. 19 is a block diagram illustrating an example of a schematic 

configuration of a car navigation apparatus 920 to which the technology of the 10 

present disclosure may be applied.  The car navigation apparatus 920 includes a 

processor 921, a memory 922, a global positioning system (GPS) module 924, a 

sensor 925, a data interface 926, a content player 927, a storage medium interface 

928, an input device 929, a display device 930, a speaker 931, a radio 

communication interface 933, one or more antenna switches 936, one or more 15 

antennas 937, and a battery 938. 

[0173] 

 The processor 921 may be, for example, a CPU or a SoC, and controls a 

navigation function and another function of the car navigation apparatus 920.  The 

memory 922 includes RAM and ROM, and stores a program that is executed by the 20 

processor 921, and data. 

[0174] 

 The GPS module 924 uses GPS signals received from a GPS satellite to 

measure a position (such as latitude, longitude, and altitude) of the car navigation 

apparatus 920.  The sensor 925 may include a group of sensors such as a gyro 25 

sensor, a geomagnetic sensor, and a barometric sensor.  The data interface 926 is 

connected to, for example, an in-vehicle network 941 via a terminal that is not shown, 

and acquires data generated by the vehicle, such as vehicle speed data. 

[0175] 

 The content player 927 plays content stored in a storage medium (such as a 30 

CD and a DVD) that is inserted into the storage medium interface 928.  The input 
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device 929 includes, for example, a touch sensor configured to detect touch onto a 

screen of the display device 930, a button, or a switch, and receives an operation or 

an information input from a user.  The display device 930 includes a screen such as 

a LCD or an OLED display, and displays an image of the navigation function or 

content that is played.  The speaker 931 outputs sounds of the navigation function 5 

or the content that is played. 

[0176] 

 The radio communication interface 933 supports any cellular 

communication scheme such as LET and LTE-Advanced, and performs radio 

communication.  The radio communication interface 933 may typically include, for 10 

example, a BB processor 934 and an RF circuit 935.  The BB processor 934 may 

perform, for example, encoding/decoding, modulating/demodulating, and 

multiplexing/demultiplexing, and performs various types of signal processing for 

radio communication.  Meanwhile, the RF circuit 935 may include, for example, a 

mixer, a filter, and an amplifier, and transmits and receives radio signals via the 15 

antenna 937.  The radio communication interface 933 may be a one chip module 

having the BB processor 934 and the RF circuit 935 integrated thereon.  The radio 

communication interface 933 may include the multiple BB processors 934 and the 

multiple RF circuits 935, as illustrated in FIG. 19.  Although FIG. 19 illustrates the 

example in which the radio communication interface 933 includes the multiple BB 20 

processors 934 and the multiple RF circuits 935, the radio communication interface 

933 may also include a single BB processor 934 or a single RF circuit 935. 

[0177] 

 Furthermore, in addition to a cellular communication scheme, the radio 

communication interface 933 may support another type of radio communication 25 

scheme such as a short-distance wireless communication scheme, a near field 

communication scheme, and a radio LAN scheme.  In that case, the radio 

communication interface 933 may include the BB processor 934 and the RF circuit 

935 for each radio communication scheme. 

[0178] 30 

 Each of the antenna switches 936 switches connection destinations of the 
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antennas 937 among multiple circuits (such as circuits for different radio 

communication schemes) included in the radio communication interface 933. 

[0179] 

 Each of the antennas 937 includes a single or multiple antenna elements 

(such as multiple antenna elements included in an MIMO antenna), and is used for 5 

the radio communication interface 933 to transmit and receive radio signals.  The 

car navigation apparatus 920 may include the multiple antennas 937, as illustrated in 

FIG. 19.  Although FIG. 19 illustrates the example in which the car navigation 

apparatus 920 includes the multiple antennas 937, the car navigation apparatus 920 

may also include a single antenna 937. 10 

[0180] 

 Furthermore, the car navigation apparatus 920 may include the antenna 937 

for each radio communication scheme.  In that case, the antenna switches 936 may 

be omitted from the configuration of the car navigation apparatus 920. 

[0181] 15 

 The battery 938 supplies power to blocks of the car navigation apparatus 

920 illustrated in FIG. 19 via feeder lines that are partially shown as dashed lines in 

the figure.  The battery 938 accumulates power supplied from the vehicle. 

[0182] 

 The car navigation apparatus 920 illustrated in FIG. 19 may function as the 20 

terminal apparatus 200 described above with reference to FIG. 8.  For example, the 

radio communication unit 210, the storage unit 220, and the control unit 230 may be 

implemented by the radio communication interface 933.  At least a part of these 

functions may be implemented by the processor 921. 

[0183] 25 

 The technology of the present disclosure may also be realized as an in-

vehicle system (or a vehicle) 940 including one or more blocks of the car navigation 

apparatus 920, the in-vehicle network 941, and a vehicle module 942.  The vehicle 

module 942 generates vehicle data such as vehicle speed, engine speed, and trouble 

information, and outputs the generated data to the in-vehicle network 941. 30 

[0184] 
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<5. Conclusion> 

 An embodiment of the present disclosure has been described in detail with 

reference to FIGS. 1 to 19.  As described above, the communication control 

apparatus 300 according to the present embodiment allocates an interleaver type of 

an interleaver to be used for IDMA by the radio communication apparatus (the base 5 

station 100 or the terminal apparatus 200) of the radio communication system 1 using 

IDMA.  Thus, various types of interleavers are available in the radio 

communication system 1 according to the present embodiment, which enables high 

flexibility demanded in 5G to be achieved. 

[0185] 10 

 The communication control apparatus 300 may adopt, as a method for 

interleaver type allocation, one of static allocation based on attribute information 

related to the radio communication apparatus and dynamic allocation based on a 

communication state of the radio communication apparatus.  Interleavers allocated 

by various methods are available in the radio communication system 1 according to 15 

the present embodiment, which enables high flexibility demanded in 5G to be 

achieved. 

[0186] 

 In interleaver type allocation, the communication control apparatus 300 may 

set a management area, and allocate the same interleaver type preferentially to radio 20 

communication apparatuses belonging to the set management area.  Thus, the same 

interleaver type is allocated to the radio communication apparatuses within the 

management area.  Since correlation characteristics are maintained between 

interleave patterns of the same interleaver type, interference between radio 

communication apparatuses within the management area is suppressed. 25 

[0187] 

 The communication control apparatus 300 may allocate an interleave pattern 

to be used for IDMA by the radio communication apparatus.  In uplink 

communication, in the case where the terminal apparatus 200 selects an interleave 

pattern to use by itself, it may be difficult to maintain favorable correlation 30 

characteristics (decorrelation) between terminal apparatuses 200.  In this point, 
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interference can be avoided by the communication control apparatus 300 collectively 

allocating interleave patterns to be used by the terminal apparatuses 200. 

[0188] 

 The preferred embodiment(s) of the present disclosure has/have been 

described above with reference to the accompanying drawings, whilst the present 5 

disclosure is not limited to the above examples.  A person skilled in the art may find 

various alterations and modifications within the scope of the appended claims, and it 

should be understood that they will naturally come under the technical scope of the 

present disclosure. 

[0189] 10 

 Note that a series of processes by each apparatus described in the present 

specification may be realized using any of software, hardware, or a combination of 

software and hardware.  A program constituting software is contained in, for 

example, a storage medium (a non-transitory medium) provided inside or outside of 

each apparatus beforehand.  In addition, each program is read by, for example, a 15 

RAM being executed by a computer and executed by a processor such as a CPU. 

[0190] 

 Note that it is not necessary for the processing described in this specification 

with reference to the flowchart to be executed in the order shown in the flowchart.  

Some processing steps may be performed in parallel.  Further, some of additional 20 

steps can be adopted, or some processing steps can be omitted.  

[0191] 

 Further, the effects described in this specification are merely illustrative or 

exemplified effects, and are not limitative.  That is, with or in the place of the above 

effects, the technology according to the present disclosure may achieve other effects 25 

that are clear to those skilled in the art from the description of this specification. 

[0192] 

 Additionally, the present technology may also be configured as below. 

(1) 

 A communication control apparatus including: 30 

 a communication unit configured to communicate with a radio 



 

49 

communication apparatus of a radio communication system using interleave division 

multiple access (IDMA); and 

 a control unit configured to allocate an interleaver type of an interleaver to 

be used for IDMA by the radio communication apparatus. 

(2) 5 

 The communication control apparatus according to (1), wherein the 

communication unit transmits a message including information indicating the 

interleaver type allocated by the control unit to the radio communication apparatus. 

(3) 

 The communication control apparatus according to (2), wherein the message 10 

is transmitted using a system information block (SIB) or downlink control 

information (DCI). 

(4) 

 The communication control apparatus according to any one of (1) to (3), 

wherein the control unit allocates the interleaver type on the basis of attribute 15 

information related to the radio communication apparatus. 

(5) 

 The communication control apparatus according to any one of (1) to (4), 

wherein the control unit allocates the interleaver type on the basis of a 

communication state related to the radio communication apparatus. 20 

(6) 

 The communication control apparatus according to (5), wherein the control 

unit sets a management area, and allocates the same interleaver type preferentially to 

radio communication apparatuses belonging to the set management area. 

(7) 25 

 The communication control apparatus according to any one of (1) to (6), 

wherein the control unit allocates an interleave pattern to be used for IDMA by the 

radio communication apparatus. 

(8) 

 The communication control apparatus according to (7), wherein the control 30 

unit allocates different interleave patterns to radio communication apparatuses to 



 

50 

which the same interleaver type is allocated. 

(9) 

 The communication control apparatus according to (7) or (8), wherein the 

communication unit transmits a message including information indicating the 

interleave pattern allocated by the control unit to the radio communication apparatus. 5 

(10) 

 The communication control apparatus according to (9), wherein the 

information indicating the interleave pattern is a parameter used by the control unit to 

allocate the interleave pattern. 

(11) 10 

 A radio communication apparatus including: 

 a radio communication unit configured to perform radio communication 

using IDMA with a base station; and 

 a control unit configured to control the radio communication unit to perform 

interleave processing for IDMA by using an interleaver of an allocated interleaver 15 

type. 

(12) 

 The radio communication apparatus according to (11), wherein the radio 

communication unit transmits a message requesting allocation of the interleaver type 

to the base station. 20 

(13) 

 The radio communication apparatus according to (11) or (12), wherein the 

control unit controls the radio communication unit to perform interleave processing 

for IDMA by using an allocated interleave pattern. 

(14) 25 

 The radio communication apparatus according to (11) or (12), wherein the 

control unit selects an interleave pattern to be used for the interleave processing 

performed by the radio communication unit. 

(15) 

 The radio communication apparatus according to (14), wherein the control 30 

unit controls the radio communication unit to transmit a message including 
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information indicating the selected interleave pattern to the base station. 

(16) 

 The radio communication apparatus according to (15), wherein the message 

is included in uplink control information (UCI). 

(17) 5 

 A communication control method including: 

 communicating with a radio communication apparatus of a radio 

communication system using interleave division multiple access (IDMA); and 

 allocating, by a processor, an interleaver type of an interleaver to be used for 

IDMA by the radio communication apparatus. 10 

(18) 

 A radio communication method including: 

 performing radio communication using IDMA with a base station; and 

 performing control by a processor to perform interleave processing for 

IDMA by using an interleaver of an allocated interleaver type. 15 

(19) 

 A program causing a computer to function as: 

 a communication unit configured to communicate with a radio 

communication apparatus of a radio communication system using interleave division 

multiple access (IDMA); and 20 

 a control unit configured to allocate an interleaver type of an interleaver to 

be used for IDMA by the radio communication apparatus. 

(20) 

 A program causing a computer to function as: 

 a radio communication unit configured to perform radio communication 25 

using IDMA with a base station; and 

 a control unit configured to control the radio communication unit to perform 

interleave processing for IDMA by using an interleaver of an allocated interleaver 

type. 

 30 

Reference Signs List 
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[0193] 

1 radio communication system 

100 base station 

110 radio communication unit 

120 communication unit 5 

130 storage unit 

140 control unit 

200 terminal apparatus 

210 radio communication unit 

220 storage unit 10 

230 control unit 

300 communication control apparatus 

310 communication unit 

320 storage unit 

330 control unit 15 

400 cell 

500 core network 

600 management area 
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CLAIMS 

Claim 1  

 A communication control apparatus comprising: 

 a communication unit configured to communicate with a radio 

communication apparatus of a radio communication system using interleave division 5 

multiple access (IDMA); and 

 a control unit configured to allocate an interleaver type of an interleaver to be 

used for IDMA by the radio communication apparatus. 

 

Claim 2 10 

 The communication control apparatus according to claim 1, wherein the 

communication unit transmits a message including information indicating the 

interleaver type allocated by the control unit to the radio communication apparatus. 

 

Claim 3 15 

 The communication control apparatus according to claim 2, wherein the 

message is transmitted using a system information block (SIB) or downlink control 

information (DCI). 

 

Claim 4 20 

 The communication control apparatus according to claim 1, wherein the 

control unit allocates the interleaver type on the basis of attribute information related 

to the radio communication apparatus. 

 

Claim 5 25 

 The communication control apparatus according to claim 1, wherein the 

control unit allocates the interleaver type on the basis of a communication state 

related to the radio communication apparatus. 

 

Claim 6 30 

 The communication control apparatus according to claim 5, wherein the 
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control unit sets a management area, and allocates the same interleaver type 

preferentially to radio communication apparatuses belonging to the set management 

area. 

 

Claim 7 5 

 The communication control apparatus according to claim 1, wherein the 

control unit allocates an interleave pattern to be used for IDMA by the radio 

communication apparatus. 

 

Claim 8 10 

 The communication control apparatus according to claim 7, wherein the 

control unit allocates different interleave patterns to radio communication 

apparatuses to which the same interleaver type is allocated. 

 

Claim 9 15 

 The communication control apparatus according to claim 7, wherein the 

communication unit transmits a message including information indicating the 

interleave pattern allocated by the control unit to the radio communication apparatus. 

 

Claim 10 20 

 The communication control apparatus according to claim 9, wherein the 

information indicating the interleave pattern is a parameter used by the control unit to 

allocate the interleave pattern. 

 

Claim 11 25 

 A radio communication apparatus comprising: 

 a radio communication unit configured to perform radio communication 

using IDMA with a base station; and 

 a control unit configured to control the radio communication unit to perform 

interleave processing for IDMA by using an interleaver of an allocated interleaver 30 

type. 
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Claim 12 

 The radio communication apparatus according to claim 11, wherein the radio 

communication unit transmits a message requesting allocation of the interleaver type 

to the base station. 

 5 

Claim 13 

 The radio communication apparatus according to claim 11, wherein the 

control unit controls the radio communication unit to perform interleave processing 

for IDMA by using an allocated interleave pattern. 

 10 

Claim 14 

 The radio communication apparatus according to claim 11, wherein the 

control unit selects an interleave pattern to be used for the interleave processing 

performed by the radio communication unit. 

 15 

Claim 15 

 The radio communication apparatus according to claim 14, wherein the 

control unit controls the radio communication unit to transmit a message including 

information indicating the selected interleave pattern to the base station. 

 20 

Claim 16 

 The radio communication apparatus according to claim 15, wherein the 

message is included in uplink control information (UCI). 

 

Claim 17 25 

 A communication control method comprising: 

 communicating with a radio communication apparatus of a radio 

communication system using interleave division multiple access (IDMA); and 

 allocating, by a processor, an interleaver type of an interleaver to be used for 

IDMA by the radio communication apparatus. 30 
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Claim 18 

 A radio communication method comprising: 

 performing radio communication using IDMA with a base station; and 

 performing control by a processor to perform interleave processing for IDMA 

by using an interleaver of an allocated interleaver type. 5 

 

Claim 19 

 A program causing a computer to function as: 

 a communication unit configured to communicate with a radio 

communication apparatus of a radio communication system using interleave division 10 

multiple access (IDMA); and 

 a control unit configured to allocate an interleaver type of an interleaver to be 

used for IDMA by the radio communication apparatus. 

 

Claim 20 15 

 A program causing a computer to function as: 

 a radio communication unit configured to perform radio communication 

using IDMA with a base station; and 

 a control unit configured to control the radio communication unit to perform 

interleave processing for IDMA by using an interleaver of an allocated interleaver 20 

type. 




