
1 
 

DESCRIPTION 

Title of Invention: TRANSMITTING APPARATUS AND RECEIVING APPARATUS 

Technical Field 

[0001] 

 The present disclosure relates to a transmitting apparatus and a receiving 

apparatus. 

Background Art 

[0002] 

 A 60 GHz band millimeter wave (60 GHz mmW) network that requires no 

license is drawing increasing attention.  The wireless HD technology is the first 60 

GHz mmW standard, which enables high-definition audio, video, and data multi-

gigabit wireless streaming even between home electrical appliances, personal 

computers, and portable products. 

[0003] 

 For example, the WiGig technology has been developed as another multi-

gigabit wireless communication technology that operates in a 60 GHz mmW 

frequency band.  The WiGig technology was standardized by the IEEE (Institute of 

Electrical and Electronic Engineers: Institute of Electrical and Electronics 

Engineers) as the IEEE 802.11ad standard.  The WiGig technology uses a wide 

channel bandwidth of 2.16 GHz and thus can provide PHY (physical layer) data 

rates of up to 6.7 Gbps. 

[0004] 

 The working group for IEEE 802.11 has developed an IEEE 802.11ay air 

interface as a next-generation WiGig technology that can support PHY data rates 

exceeding 100 Gbps.  In IEEE 802.11ay, a study is being conducted on utilizing a 

multi-channel technology utilizing a plurality of channels. 

[0005] 

 In succession to 802.11ad, the MAC (Media Access Control: media access 

control) layer in 802.11ay supports, for example, centralized network architectures 

for an infrastructure BSS (Basic Service Set: basic service set) and a PBSS 

(Personal BSS: personal BSS).  Here, for example, a central coordinator of an AP 

(Access Point: access point) or a PCP (Personal BSS Control Point: personal BSS 

control point) transmits DMG (Directional Multi-Gigabit: directivity multi gigabit) 

beacon frames or announce frames to STAs (stations: terminals) in a network in 
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order to schedule allocations on one or more channels (e.g., with a channel 

bandwidth of 2.16 GHz). 

Citation List 

Non-Patent Literature 

[0006] 

 NPL 1: IEEE 802.11-15/1358r6, Specification Framework for TGay, October 

2016 

 NPL 2: IEEE 802.11-16/1208r0, Scheduling Allocation on Multi-channels in 

11ay, September 2016 

 NPL 3: IEEE Std 802.11adTM-2012, Section 8.4.2.134 Extended Schedule 

Element, Page 149-151, December 2012 

 NPL 4: IEEE Std 802.11adTM-2012, Section 9.33.6 Channel Access in 

Scheduled DTI, page 251-254, December 2012 

Summary of Invention 

[0007] 

 However, a study on performing efficient scheduling under an environment 

where a plurality of standards coexist has been insufficient. 

[0008] 

 Non-limiting embodiments of the present disclosure contribute to providing a 

transmitting apparatus and a receiving apparatus that can execute efficient 

scheduling for allocations on one or more channels in a network. 

[0009] 

 A transmitting apparatus according to one aspect of the present disclosure 

comprises: a transmission-signal generating circuit that generates at least one of a 

first type of schedule element corresponding to an allocation involving a single 

channel and a second type of schedule element corresponding to an allocation 

involving a plurality of channels and that generates a MAC frame including the 

generated first type or second type of schedule element; and a transmitting circuit 

that transmits the MAC frame over a first channel.  When the allocation involving 

the plurality of channels includes the first channel, the transmission-signal 

generating circuit generates the first type of schedule element including all 

information of information regarding the allocation involving the plurality of 

channels and generates the second type of schedule element including difference 

information indicating the generated first type of schedule element, and when the 
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allocation involving the plurality of channels does not include the first channel, the 

transmission-signal generating circuit omits the generation of the first type of 

schedule element and generates the second type of schedule element including all 

information of the information regarding the allocation involving the plurality of 

channels. 

[0010] 

 It should be noted that general or specific aspects may be implemented as a 

system, a method, an integrated circuit, a computer program, or a recording 

medium or may be implemented as an arbitrary combination of a system, an 

apparatus, a method, an integrated circuit, a computer program, and a recording 

medium. 

[0011] 

 One aspect of the present disclosure is to contribute to executing efficient 

scheduling for allocations on one or more channels in a network. 

[0012] 

 Additional benefits and advantages of one aspect of the present disclosure 

will become apparent from the specification and drawings.  The benefits and/or 

advantages are individually provided by some embodiments and features in the 

specification and drawings, which need not all be provided in order to obtain one 

or more of the same features. 

Brief Description of Drawings 

[0013] 

 [Fig. 1] Fig. 1 is a diagram illustrating one example of a wireless network 

including a PCP/AP and a plurality of STAs. 

 [Fig. 2] Fig. 2 is a diagram illustrating one example of allocation scheduling 

for a primary channel in a beacon interval in the wireless network. 

 [Fig. 3] Fig. 3 is a diagram illustrating one example of channel bandwidths in 

channelization. 

 [Fig. 4] Fig. 4 is a diagram illustrating one example of scheduling of 

allocations on one or more channels in a beacon interval in the wireless network. 

 [Fig. 5] Fig. 5 is a diagram illustrating one example of the format of an ESE. 

 [Fig. 6] Fig. 6 is a diagram illustrating one example of the format of an 

EDMG_ESE. 

 [Fig. 7] Fig. 7 is a diagram illustrating a first example of an EDMG_ESE and 
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an ESE for allocations on one or more channels illustrated in Fig. 4. 

 [Fig. 8] Fig. 8 is a diagram illustrating one example of the format of an 

EDMG_ESE according to a first embodiment of the present disclosure. 

 [Fig. 9] Fig. 9 is a diagram illustrating one example of the formats of IS-

based and CS-based channel allocation fields included in the EDMG_ESE 

according to the first embodiment of the present disclosure. 

 [Fig. 10] Fig. 10 is a diagram illustrating one example of scheduling of 

allocations on one or more channels in a beacon interval according to the first 

embodiment of the present disclosure. 

 [Fig. 11] Fig. 11 is a diagram illustrating, in the first embodiment of the 

present disclosure, one example of an ESE and an EDMG_ESE transmitted over 

a primary channel (CH1) in Fig. 10. 

 [Fig. 12] Fig. 12 is a simplified block diagram of a PCP/AP according to the 

first embodiment of the present disclosure. 

 [Fig. 13] Fig. 13 is a detailed block diagram of the PCP/AP according to the 

first embodiment of the present disclosure. 

 [Fig. 14] Fig. 14 is a simplified block diagram of a STA according to the first 

embodiment of the present disclosure. 

 [Fig. 15] Fig. 15 is a detailed block diagram of the STA according to the first 

embodiment of the present disclosure. 

 [Fig. 16] Fig. 16 is a diagram illustrating one example of the format of an 

EDMG_ESE according to a first modification of the first embodiment of the present 

disclosure. 

 [Fig. 17] Fig. 17 is a diagram illustrating one example of the format of an 

EDMG_ESE according to a second modification of the first embodiment of the 

present disclosure. 

 [Fig. 18] Fig. 18 is a diagram illustrating one example of the formats of IS-

based and CS-based channel allocation fields included in an EDMG_ESE 

according to a second embodiment of the present disclosure. 

 [Fig. 19] Fig. 19 is a diagram illustrating one example of the format of an 

EDMG_ESE according to a third embodiment of the present disclosure. 

 [Fig. 20] Fig. 20 is a diagram illustrating, in the third embodiment of the 

present disclosure, one example of an ESE and an EDMG_ESE transmitted over 

a primary channel (CH1) in Fig. 10. 
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 [Fig. 21] Fig. 21 is a diagram illustrating one example of the format of each 

channel allocation field included in an EDMG_ESE according to a fourth 

embodiment of the present disclosure. 

Description of Embodiments 

[0014] 

 The present disclosure can be better understood with the help of the 

drawings and the embodiments below.  The embodiments recited herein are 

merely exemplary in practice, are used to describe some feasible applications and 

usages in the present disclosure, and should not be construed as limiting the 

present disclosure with respect to alternative embodiments not explicitly recited 

herein. 

[0015] 

 There are one or more central controllers in each of many wireless 

communication systems.  Central controllers determine, for example, a wireless 

network service area, a wireless frequency channel, an apparatus permission 

policy, and adjustment with another neighboring wireless network and also 

typically play a role of gateways to back-end infrastructure networks.  Examples of 

the central controllers include a base station or an eNB (Evolved Node B) in a 

cellular wireless network or a PCP or an AP (which may hereinafter be referred to 

as a "PCP/AP") in a WLAN (wireless local area networks: wireless LAN). 

[0016] 

 Although a WLAN system based on IEEE 802.11 and a technology related 

thereto will be described in each embodiment described below, the present 

disclosure is not limited thereto and may also be applied to a large number of 

wireless communication systems. 

[0017] 

 In a WLAN based on IEEE 802.11, many networks operate in an 

infrastructure mode, that is, a large amount of traffic in a network is transmitted via 

a PCP/AP.  Accordingly, a STA that joins the WLAN first performs network 

membership negotiation with the PCP/AP through processes called association 

(association) and authentication (authentication). 

[0018] 

 Fig. 1 is a diagram illustrating one example of a wireless network 100 

including a PCP/AP 110 and a plurality of STAs 120 (120a, 120b, and 120c).  The 
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PCP/AP 110 complies with the IEEE 802.11ay standard and is called an EDMG 

(Enhanced Directional Multi-Gigabit: enhanced directional multi-gigabit) _PCP/AP.  

Some of the plurality of STAs may comply with the IEEE 802.11ay standard, and 

the other STA(s) may comply with the IEEE 802.11ad standard. 

[0019] 

 In the following description, a STA and a PCP/AP that comply with the IEEE 

802.11ay standard are referred to as an "EDMG_STA" and an "EDMG_PCP/AP", 

respectively, and a STA and a PCP/AP that comply with the IEEE 802.11ad 

standard are referred to as a "DMG_STA" and a "DMG_PCP/AP", respectively. 

[0020] 

 The PCP/AP 110 communicates with each DMG_STA through a primary 

channel.  The PCP/AP 110 communicates with each EDMG_STA through one or 

more channels including the primary channel or one or more channels not 

including the primary channel.  The primary channel is a channel that is common 

to operations of the plurality of STAs 120 including the EDMG_STA(s) and the 

DMG_STA(s) in the wireless network 100.  For example, the PCP/AP 110 

designates, as the primary channel, one of a plurality of channels having a 2.16 

GHz bandwidth (the channels are hereinafter referred to as "2.16 GHz channels") 

and notifies the other EDMG_STA(s) and DMG_STA(s) in a BSS about the 

designated channel. 

[0021] 

 In the wireless network 100, channel access by the plurality of STAs 120 is 

performed in a beacon interval and is adjusted using scheduling.  The PCP/AP 

110 may perform the scheduling and may communicate scheduling information to 

the plurality of STAs 120 by using a DMG beacon frame or an announce frame 

transmitted over the primary channel.  The plurality of STAs 120 receives the 

scheduling information and accesses media in a scheduled period by using an 

access rule specific to the period. 

[0022] 

 Fig. 2 is a diagram illustrating one example of allocation scheduling for a 

primary channel in a beacon interval 200 in the wireless network 100.  The 

horizontal axis in Fig. 2 represents a time axis, and the scheduling in Fig. 2 

represents allocations in a time direction. 

[0023] 
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 The beacon interval 200 comprises a DTI (Data Transfer Interval: data 

transfer interval) 250.  The DTI 250 comprises, for example, a plurality of 

scheduled allocations 254, such as allocations 254a, 254b, and 254c.  Each of the 

allocations 254 is allocated on the primary channel (CH1) in the wireless network 

100. 

[0024] 

 Scheduling information for the plurality of allocations 254 in the DTI 250 is 

included in an extended schedule element (ESE: Extended Schedule elemnt) in a 

DMG beacon frame or an announce frame or an EDMG_ESE in a DMG beacon 

frame or an announce frame. 

[0025] 

 The ESE is defined by the IEEE 802.11ad standard.  The ESE is decoded 

by both a DMG_STA and an EDMG_STA.  The EDMG_ESE is defined by the 

IEEE 802.11ay standard.  Although the EDMG_ESE is decoded by an 

EDMG_STA, it is difficult for a DMG_STA to decode the EDMG_ESE.  The DMG 

beacon frame is transmitted over the primary channel in a BTI (Beacon 

Transmission Interval: beacon transmission interval).  The announce frame is 

transmitted over the primary channel in an ATI (Annoucement Transimission 

Interval: announcement transmission interval).  The BTI and the ATI (not 

illustrated) are both provided prior to the DTI 250 in the same beacon interval 200. 

[0026] 

 Next, a description will be given of channel aggregation (channel bonding) 

supported by the IEEE 802.11ay standard. 

[0027] 

 Fig. 3 is a diagram illustrating one example of channel bandwidths in 

channelization.  The horizontal axis in Fig. 3 represents a frequency, and the 

vertical axis represents a bandwidth of each channel in the channelization. 

[0028] 

 The IEEE 802.11ay standard supports channel bonding of at least two 2.16 

GHz channels and contiguous and non-contiguous channel aggregation of two or 

less 2.16 GHz channels or two or less 4.32 GHz bandwidth channels (4.32 GHz 

channels). 

[0029] 

 A signaling field in an EDMG Header A field channel in an EDMG SU PPDU 
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(EDMG single user PHY protocol data unit) or an EDMG MU PPDU (EDMG multi 

user PHY protocol data unit) is used in order to indicate a channel allocation. 

[0030] 

 For example, in a 1-bit channel aggregation field, "0" is set for a 2.16 GHz, 

4.32 GHz, 6.48 GHz, or 8.64 GHz PPDU.  Also, in the 1-bit channel aggregation 

field, "1" is set for aggregation of two 2.16 GHz channels or aggregation of two 

4.32 GHz channels. 

[0031] 

 For example, an 8-bit BW field indicates a PPDU bandwidth.  Eight bits 

correspond to, in Fig. 3, channels #1 to #8 of 2.16 GHz channels.  A bit 

corresponding to a channel used for PPDU transmission is set to "1". 

[0032] 

 Thus, the IEEE 802.11ay standard supports performing communication 

using one or more channels.  Next, a description will be given of allocations on 

one or more channels. 

[0033] 

 Fig. 4 is a diagram illustrating one example of scheduling of allocations on 

one or more channels in a beacon interval 400 in the wireless network 100.  The 

horizontal axis in Fig. 4 represents a time axis, and the scheduling in Fig. 4 

represents allocations on each channel in the time direction.  Channels (CH1, CH2, 

and CH3) in Fig. 4 are, for example, 2.16 GHz channels. 

[0034] 

 The beacon interval 400 comprises a DTI 450.  The DTI 450 comprises, for 

example, a plurality of scheduled allocations 454, that is, allocations 454a, 454b, 

and 454c.  Each of the scheduled allocations 454 is scheduled on either one 

channel or two or more channels.  Each allocation (e.g., the allocation 454b) does 

not have to include the primary channel (CH1) in the wireless network 100. 

[0035] 

 For example, the allocation 454a is scheduled on the primary channel (CH1) 

and CH2, which is a non-primary channel.  The allocation 454b is also scheduled 

on CH2 and CH3, which are non-primary channels.  The allocation 454c is 

scheduled on the primary channel (CH1) and CH3, which is a non-primary channel. 

[0036] 

 Also, in Fig. 4, a resource (a region Y1 in Fig. 4) in a time corresponding to 
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the time of the allocation 454b, the resource being included in the primary channel 

(CH1), is a non-allocated resource.  A resource (a region Y2 in Fig. 4) in a time 

corresponding to the time of the allocation 454c, the resource being included in 

CH2, is a non-allocated resource.  A resource (a region Y3 in Fig. 4) in a time 

corresponding to the time of the allocation 454a, the resource being included in 

CH3, is a non-allocated resource. 

[0037] 

 Scheduling information for the plurality of scheduled allocations 454 in the 

DTI 450 is included in an ESE in a DMG beacon frame or an announce frame or 

an EDMG_ESE in a DMG beacon frame or an announce frame. 

[0038] 

 More specifically, in any of the allocations, part of the scheduling information 

is included in the ESE, and the remaining scheduling information is included in the 

EDMG_ESE in the same DMG beacon frame or announce frame.  In other words, 

the EDMG_ESE includes difference information for the ESE in order for allocation 

for either the same DMG beacon frame or announce frame. 

[0039] 

 The EDMG_ESE is defined by the IEEE 802.11ay standard.  Although the 

EDMG_ESE is decoded by an EDMG_STA, it is difficult for a DMG_STA to 

decode the EDMG_ESE.  The DMG beacon frame is transmitted over the primary 

channel in a BTI.  The announce frame is transmitted over the primary channel in 

an ATI.  The BTI and the ATI are both provided prior to the DTI 450 in the same 

beacon interval 400. 

[0040] 

 As described above, in scheduling for one or more channels, the scheduling 

information is included in an ESE and an EDMG_ESE.  The ESE is decoded by 

both a DMG_STA and an EDMG_STA, and the EDMG_ESE is decoded by an 

EDMG_STA, but it is difficult for a DMG_STA to decode the EDMG_ESE.  Next, 

the formats of an ESE and an EDMG_ESE will be described using Figs. 5 and 6. 

[0041] 

 <Format of ESE> 

 Fig. 5 is a diagram illustrating one example of the format of an ESE 300.  

The ESE 300 comprises an element ID field 302, a length field 304, and allocation 

fields 306 (306-1 to 306-n) (n is an integer greater than or equal to 1). 
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[0042] 

 The allocation fields 306 include scheduling information for specific 

allocations.  Each of the allocation fields 306 comprises an allocation control field 

312, a BF (Beamforming: beamforming) control field 314, a source AID 

(Association Identifier: association identifier) field 316, a destination AID field 318, 

an allocation start field 320, an allocation block duration field 322, a number-of-

blocks field 326, and an allocation block period field 328.  In addition, the 

allocation control field 312 comprises a plurality of fields including an allocation ID 

field 332 and an allocation type field 334. 

[0043] 

 The element ID field 302 contains a value for uniquely identifying the ESE 

300.  Accordingly, each STA 120 can determine whether or not the format of the 

ESE 300 is an ESE format by referring to the value of the element ID field 302.  

The length field 304 specifies the number of octets in the allocation fields 306.  

The allocation type field 334 indicates whether a channel access mechanism 

during allocation is in a CBAP (Contention Based Access Period: contention-

based access period) or in an SP (Service Period: service period). 

[0044] 

 The source AID field 316 states information that specifies a STA that starts 

channel access during SP or CBAP allocation.  Also, the source AID field 316 may 

be set to, in a CBAP allocation, a broadcast AID when all STAs can perform 

transmission during the CBAP allocation.  The destination AID field 318 states 

information that specifies a STA that communicates with a source STA in an 

allocation.  Also, the destination AID field 318 may be set to a broadcast AID when 

all STAs can communicate with a source STA in an allocation. 

[0045] 

 The allocation ID field 332, when it is set to a nonzero value, identifies an 

airtime allocation from a source AID to a destination AID.  Except for CBAP 

allocations using a broadcast source AID and a broadcast destination AID, a tuple 

(tuple) (a set of the values of a source AID, a destination AID, and an allocation 

ID) uniquely identifies the allocation.  For CBAP allocations using a broadcast 

source AID and a broadcast destination AID, the allocation ID is set to zero. 

[0046] 

 The allocation start field 320 indicates the time at which SP or CBAP is 
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started.  The allocation block duration field 322 indicates the duration of a time 

block for which the SP or CBAP allocation is performed and that cannot cross 

beacon interval boundaries.  The number-of-blocks field 326 contains the number 

of time blocks that make up the allocation.  The allocation block period field 328 

contains the start time of two contiguous time blocks belonging to the same 

allocation. 

[0047] 

 The allocation start field 320, the allocation block duration field 322, the 

number-of-blocks field 326, and the allocation block period field 328 are fields 

containing information for identifying the arrangement of the allocation in a time 

domain. 

[0048] 

 <Format of EDMG_ESE> 

 Fig. 6 is a diagram illustrating one example of the format of an EDMG_ESE 

500.  The EDMG_ESE 500 comprises an element ID field 502, a length field 504, 

an element ID extension field 506, a number-of-allocations field 508, and channel 

allocation fields 510 (510-1 to 510-N (N is an integer greater than or equal to 1)). 

[0049] 

 In Fig. 6, one example of the length (size) of each field is indicated by the 

number of octets or the number of bits.  In each drawing described below, similarly, 

one example of the length (size) of each field is indicated by the number of octets 

or the number of bits. 

[0050] 

 The element ID field 502 and the element ID extension field 506 contain 

values for uniquely identifying the EDMG_ESE 500.  Accordingly, each STA 120 

can determine whether or not the format of the EDMG_ESE 500 is an EDMG_ESE 

format, by referring to the values of the element ID field 502 and the element ID 

extension field 506. 

[0051] 

 The length field 504 specifies the number of octets in the element ID 

extension field 506, the number-of-allocations field 508, and the channel allocation 

fields 510.  The number-of-allocations field 508 indicates the number of channel 

allocation fields 510. 

[0052] 
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 The channel allocation fields 510 each contain difference scheduling 

information (incremental scheduling information) for a specific allocation.  The 

channel allocation fields 510 each comprise an allocation key field 512, a channel 

aggregation field 514, a BW (bandwidth) field 516, and a reserved field 518.  The 

allocation key field 512 includes an allocation ID field 522, a source AID field 524, 

and a destination AID field 526.  The allocation key field 512 is used to identify the 

allocation. 

[0053] 

 The channel aggregation field 514 and the BW field 516 specify a bandwidth 

occupied by the allocation.  For example, the channel aggregation field 514, which 

is 1 bit, is set to "0" for an allocation that occupies a single 2.16 GHz, 4.32 GHz, 

6.48 GHz, or 8.64 GHz channel and is set to "1" for an allocation that occupies two 

channels.  Channel aggregation may occupy two non-contiguous 2.16 GHz 

channels (e.g., channels #1 and #3 in Fig. 3) or two non-contiguous 4.32 GHz 

channels (e.g., channels #9 and #12 in Fig. 3) or may occupy two contiguous 2.16 

GHz channels (e.g., channels #1 and #2 in Fig. 3) or two contiguous 4.32 GHz 

channels (e.g., channels #9 and #11 in Fig. 3). 

[0054] 

 The BW field 516, which is 8 bits, indicates a bandwidth of the allocation.  

For example, eight bits (bits 0 to 7) correspond to 2.16 GHz channels having 

channel numbers 1 to 8, respectively.  When the bit is set to 1, this indicates that 

the corresponding 2.16 GHz channel is used for the allocation. 

[0055] 

 When the EDMG_ESE 500 (see Fig. 6) exists in a transmitted DMG beacon 

frame or announce frame, the ESE 300 (see Fig. 5) also exists in the same frame. 

[0056] 

 An EDMG_STA decodes the EDMG_ESE 500 and the ESE 300 and 

compares values of the fields included in each channel allocation field 510 with 

values of the fields included in each allocation field 306 to thereby determine 

whether or not the channel allocation field 510 is to be ignored (discarded). 

[0057] 

 When the value of the allocation ID field 522, the value of the source AID 

field 524, and the value of the destination AID field 526 in the allocation key field 

512 in one channel allocation field 510 (e.g., the channel allocation field 510-1) 
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that exists in the EDMG_ESE 500 do not match any of the value of the allocation 

ID field 332, the value of the source AID field 316, and the value of the destination 

AID field 318, respectively, in the allocation field 306 that exists in the ESE 300 in 

the same frame, the allocation field (in this example, the channel allocation field 

510-1) included in the EDMG_ESE 500 is ignored. 

[0058] 

 That is, when the allocation field 306 in which the value of the allocation ID 

field 522 and the value of the allocation ID field 332 match each other, the value of 

the source AID field 524 and the value of the source AID field 316 match each 

other, and the value of the destination AID field 526 and the value of the 

destination AID field 318 match each other does not exist at all, the channel 

allocation field 510-1 is ignored (discarded). 

[0059] 

 Fig. 7 is a diagram illustrating a first example of an EDMG_ESE 500 and an 

ESE 300 for allocations on one or more channels illustrated in Fig. 4.  The 

EDMG_ESE 500 and the ESE 300 in Fig. 7 are included in a DMG beacon frame 

or an announce frame transmitted over the primary channel (CH1 in Fig. 4). 

[0060] 

 In Fig. 7, fields that are analogous to those in Figs. 5 and 6 are denoted by 

the same reference numerals, and descriptions thereof are omitted.  Allocation 

fields 306-1 to 306-3 included in the ESE 300 in Fig. 7 contain scheduling 

information for the allocations 454a, 454b, and 454c, respectively, in Fig. 4.  

Channel allocation fields 510-1 to 510-3 included in the EDMG_ESE 500 in Fig. 7 

contain difference scheduling information (denoted as "difference" in Fig. 7) for the 

allocations 454a, 454b, and 454c, respectively, in Fig. 4.  The difference 

scheduling information is also referred to as "incremental scheduling information". 

[0061] 

 A DMG_PCP/AP located in the primary channel and in an adjacent network 

supports decoding of the ESE 300 but does not support decoding of the entire 

EDMG_ESE 500.  Accordingly, the DMG_PCP/AP erroneously handles the 

allocation 454b not including the primary channel, as if the allocation 454b were 

allocated on the primary channel.  This is because the DMG_PCP/AP identifies 

the arrangement of the allocation 454b in the time domain by using the allocation 

field 306-2, whereas the DMG_PCP/AP does not identify the bandwidths occupied 
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by the allocation 454b (the channels included in the allocation 454b).  Accordingly, 

the DMG_PCP/AP determines that the ESE 300 and the EDMG_ESE 500 

included in the DMG beacon frame or the announce frame are allocated on the 

primary channel. 

[0062] 

 As a result, it is difficult for the DMG_PCP/AP in the adjacent network to 

allocate a resource (the region Y1 in Fig. 4) in the primary channel to a STA as 

another allocation, thus reducing the channel utilization efficiency of the primary 

channel. 

[0063] 

 In view of the foregoing problem, the present disclosure provides efficient 

scheduling for allocations without reducing the channel utilization efficiency. 

[0064] 

 According to the present disclosure, the PCP/AP 110 may transmit a DMG 

beacon frame or an announce frame over the primary channel.  Alternatively, the 

PCP/AP 110 may sequentially transmit DMG beacon frames or announce frames 

over the primary channel or one or more non-primary channels. 

[0065] 

 The PCP/AP 110 may also transmit, in a BTI, a plurality of DMG beacon 

frames while switching a transmission direction (a transmission beam).  For 

example, when the transmission beam is switched in 30 ways to transmit 30 DMG 

beacons, the PCP/AP 110 transmits the first-half 15 DMG beacons in an arbitrary 

BTI in an arbitrary beacon interval, performs data communication in a DTI at a 

subsequent stage, and then transmits the last-half 15 DMG beacons in a BTI in a 

next beacon interval.  The first-half 15 DMG beacons and the last-half 15 DMG 

beacons may be transmitted using beam sets having different directivities.  

Similarly, the PCP/AP 110 may transmit, in an ATI, a plurality of announce frames 

while switching a transmission direction (a transmission beam).  A plurality of 

announce frames may be separately transmitted across a plurality of beacon 

intervals. 

[0066] 

 (First Embodiment) 

 According to a first embodiment of the present disclosure, when a DMG 

beacon frame or announce frame including an ESE and an EDMG_ESE is 
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transmitted over a primary channel, all scheduling information for each allocation 

that does not include the primary channel is included in the EDMG_ESE.  Part of 

the scheduling information for each allocation including the primary channel is 

included in the ESE, and the remaining scheduling information is included in the 

EDMG_ESE. 

[0067] 

 In the description below, a DMG beacon frame or announce frame including 

an ESE and an EDMG_ESE is referred to as a "MAC frame", as appropriate.  Also, 

a MAC frame including an ESE and an EDMG_ESE is not limited to a DMG 

beacon frame or an announce frame. 

[0068] 

 Fig. 8 is a diagram illustrating one example of the format of an EDMG_ESE 

800 according to the first embodiment of the present disclosure.  The EDMG_ESE 

800 comprises an element ID field 802, a length field 804, an element ID extension 

field 806, a number-of-allocations field 808, and channel allocation fields 810 (810-

1 to 810-N (N is an integer greater than or equal to 1)). 

[0069] 

 The element ID field 802 and the element ID extension field 806 uniquely 

identify the EDMG_ESE 800.  The length field 804 specifies the number of octets 

in the element ID extension field 806, the number-of-allocations field 808, and the 

channel allocation fields 810.  The number-of-allocations field 808 indicates the 

number of channel allocation fields 810. 

[0070] 

 The channel allocation fields 810 (810-1 to 810-N) each contain either all 

scheduling information (complete: full) for specific allocations or difference 

scheduling information (incremental: difference).  In each channel allocation field 

810 containing the entire scheduling information, the number of octets is set to a 

size of 17, and in each channel allocation field 810 containing the difference 

scheduling information, the number of octets is set to a size of 5. 

[0071] 

 The channel allocation field 810 containing the difference scheduling 

information for a specific allocation and the channel allocation field 810 containing 

all scheduling information for a specific allocation will be described using Fig. 9.  

Hereinafter, each channel allocation field containing difference scheduling 
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information for a specific allocation is referred to as an "IS (Incremental Signaling: 

difference signaling) -based channel allocation field", and each channel allocation 

field containing all scheduling information for a specific allocation is referred to as 

a "CS (Complete Signaling: full signaling) -based channel allocation field". 

[0072] 

 Fig. 9 is a diagram illustrating one example of the formats of IS-based and 

CS-based channel allocation fields included in the EDMG_ESE 800 according to 

the first embodiment of the present disclosure. 

[0073] 

 The IS-based channel allocation field comprises an allocation key field 912, 

a channel aggregation field 914, a BW field 916, a difference signaling field 918, 

and a reserved field 920. 

[0074] 

 The CS-based channel allocation field comprises an allocation key field 912, 

a channel aggregation field 914, a BW field 916, a difference signaling field 918, 

and a reserved field (Reserved) 920 as fields (see frame X) that are the same as 

in the IS-based channel allocation field.  The CS-based channel allocation field 

further includes an allocation type field 334, a BF control field 314, an allocation 

start field 320, an allocation block duration field 322, a number-of-blocks field 326, 

and an allocation block period field 328. 

[0075] 

 The allocation key field 912, the channel aggregation field 914, and the BW 

field 916 are analogous to the allocation key field 512, the channel aggregation 

field 514, and the BW field 516, respectively, in Fig. 6. 

[0076] 

 Also, the size (the number of bits) of the reserved field 920 is reduced by 

the number of bits corresponding to 1 bit in the difference signaling field from the 

reserved field 518 in Fig. 6.  Accordingly, although, in the IS-based channel 

allocation field, a difference signaling field is added to the channel allocation fields 

510 in Fig. 6, the sizes thereof are equal to each other. 

[0077] 

 The difference signaling field 918 indicates on which of the IS and the CS 

the channel allocation field is based.  For example, when the channel allocation 

field is a field based on the IS, that is, an IS-based channel allocation field, the 
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difference signaling field 918 is set to "1".  When the channel allocation field is a 

field based on the CS, that is, a CS-based channel allocation field, the difference 

signaling field 918 is set to "0". 

[0078] 

 The allocation type field 334, the BF control field 314, the allocation start 

field 320, the allocation block duration field 322, the number-of-blocks field 326, 

and the allocation block period field 328 are analogous to the fields included in 

each allocation field 306 in Fig. 5. 

[0079] 

 The IS-based channel allocation field has the fields included in each 

channel allocation field 510 in Fig. 6 and contains difference scheduling 

information for a specific allocation.  The difference scheduling information 

includes, for example, information about channels included in a specific allocation 

(channels occupied by a specific allocation). 

[0080] 

 The IS-based channel allocation field has the fields included in each 

channel allocation field 510 in Fig. 6 and the fields included in each allocation field 

306 in Fig. 5 and contains all scheduling information for a specific allocation.  All 

the scheduling information includes, for example, information about channels 

included in the specific allocation (channels occupied by the specific allocation) 

and information for identifying the arrangement of the specific allocation in the time 

domain. 

[0081] 

 Next, a description will be given of one example of scheduling and one 

example of an ESE and an EDMG_ESE for the scheduling. 

[0082] 

 Fig. 10 is a diagram illustrating one example of scheduling of allocations on 

one or more channels in a beacon interval 1100 according to the first embodiment 

of the present disclosure.  The horizontal axis in Fig. 10 represents a time axis, 

and the scheduling in Fig. 10 indicates allocations on channels in the time 

direction.  Each channel in Fig. 10 is, for example, a 2.16 GHz channel. 

[0083] 

 In Fig. 10, allocations 454a to 454c in a DTI 450 included in the beacon 

interval 1100 are analogous to those in Fig. 4.  Fig. 4 and Fig. 10 differ from each 
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other in a MAC frame 1101 that is transmitted in an interval provided prior to the 

DTI 250. 

[0084] 

 An EDMG_PCP/AP transmits the MAC frame 1101 over a primary channel. 

[0085] 

 The EDMG_PCP/AP may simultaneously transmit MAC frames over the 

primary channel, for example, by using channel aggregation.  Alternatively, the 

EDMG_PCP/AP may sequentially transmit MAC frames over the primary channel, 

for example, by fragmenting a BTI. 

[0086] 

 An ESE includes allocation fields for signaling scheduling information for 

allocations including the primary channel over which the MAC frames are 

transmitted. 

[0087] 

 An EDMG_ESE includes a CS-based channel allocation field for signaling 

scheduling information for each allocation not including the channel over which the 

MAC frames are transmitted and an IS-based channel allocation field for signaling 

scheduling information for each allocation including the channel over which the 

MAC frames are transmitted. 

[0088] 

 For example, an EDMG_ESE included in the MAC frame 1101 transmitted 

over CH1 includes a CS-based channel allocation field for signaling scheduling 

information for the allocation 454b not including CH1 and IS-based channel 

allocation fields for signaling scheduling information for the allocations 454a and 

454c including CH1. 

[0089] 

 Next, the ESE and the EDMG_ESE included in the MAC frame 1101 

transmitted over CH1 in Fig. 10 will be described using Fig. 11. 

[0090] 

 Fig. 11 is a diagram illustrating, in the first embodiment of the present 

disclosure, one example of an ESE 1200 and an EDMG_ESE 800 transmitted 

over the primary channel (CH1) in Fig. 10.  In Fig. 11, constituents that are 

analogous to those in Figs. 5 and 8 are denoted by the same reference numerals, 

and descriptions thereof are omitted. 
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[0091] 

 The ESE 1200 has an allocation field 306-1 for signaling scheduling 

information for the allocation 454a including the primary channel (CH1) and an 

allocation field 306-2 for signaling scheduling information for the allocation 454c 

including the primary channel (CH1).  The ESE 1200, on the other hand, does not 

have an allocation field for signaling scheduling information for the allocation 454b 

not including the primary channel (CH1). 

[0092] 

 The EDMG_ESE 800 has an IS-based channel allocation field (difference) 

810-1 for signaling scheduling information for the allocation 454a including the 

primary channel (CH1), a CS-based channel allocation field (full) 810-2 for 

signaling scheduling information for the allocation 454b not including the primary 

channel (CH1), and an IS-based channel allocation field (difference) 810-3 for 

signaling scheduling information for the allocation 454c. 

[0093] 

 A DMG_PCP/AP located in the primary channel (CH1) and in an adjacent 

network receives the MAC frame 1101 including the ESE 1200 and the 

EDMG_ESE 800 in Fig. 11 and decodes the ESE 1200 to obtain the scheduling 

information for the allocations 454a and 454c.  On the other hand, since the ESE 

1200 in Fig. 11 does not have the scheduling information for the allocation 454b, 

the DMG_PCP/AP does not obtain the scheduling information for the allocation 

454b.  Accordingly, the DMG_PCP/AP can perform another allocation (an 

allocation different from Fig. 10) to a resource (a region Y1 in Fig. 10) in a time 

corresponding to the time of the allocation 454b, the resource being included in 

the primary channel (CH1). 

[0094] 

 Also, although the ESE 1200 in Fig. 11 does not have the scheduling 

information for the allocation 454b, the EDMG_ESE 800 in Fig. 11 has the CS-

based channel allocation field 810-2 containing all scheduling information for the 

allocation 454b, and thus the EDMG_STA can obtain the scheduling information 

for all allocations including the allocation 454b by decoding the ESE 1200 and the 

EDMG_ESE 800 in Fig. 11. 

[0095] 

 Next, a description will be given of the configuration of a PCP/AP and the 



20 
 

configuration of a STA according to the first embodiment described above. 

[0096] 

 <Configuration of PCP/AP> 

 Fig. 12 is a simplified block diagram of a PCP/AP 2000 according to the first 

embodiment of the present disclosure.  The PCP/AP 2000 may be, for example, 

the PCP/AP 110 in Fig. 1.  The PCP/AP 2000 comprises a transmission-signal 

generating circuit 2010 and a transmitting circuit 2020.  The transmission-signal 

generating circuit 2010 plays a role in generating a transmission signal, and the 

transmitting circuit 2020 plays a role in transmitting the generated signal. 

[0097] 

 Fig. 13 is a detailed block diagram of the PCP/AP 2000 according to the first 

embodiment of the present disclosure.  The PCP/AP 2000 comprises a control 

circuit 2002, a scheduling circuit 2004, a message processing circuit 2006, the 

transmission-signal generating circuit 2010, and the transmitting circuit 2020.  The 

transmission-signal generating circuit 2010 comprises a message generating 

circuit 2012, and the transmitting circuit 2020 comprises a PHY processing circuit 

2022 and a plurality of antennas 2024. 

[0098] 

 The control circuit 2002 is a MAC protocol controller and controls general 

MAC protocol operations.  For example, the control circuit 2002 controls MAC 

protocol operations supported by the IEEE 802.11ad standard and the IEEE 

802.11ay standard. 

[0099] 

 Under the control of the control circuit 2002, the scheduling circuit 2004 

schedules channel time allocation. 

[0100] 

 Under the control of the control circuit 2002, the message generating circuit 

2012 receives scheduling information from the scheduling circuit 2004 and 

generates a corresponding control, data, or management message, such as a 

MAC frame (a DMG beacon frame or an announce frame).  The EDMG_ESE and 

the ESE included in the MAC frame are generated according to the above-

described embodiment. 

[0101] 

 A transmission signal including the generated message is subjected to PHY 
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processing performed by the PHY processing circuit 2022 and is then transmitted 

via the plurality of antennas 2024. 

[0102] 

 The message processing circuit 2006 analyzes a reception message 

received via the plurality of antennas 2024 and the PHY processing circuit 2022 

and outputs the analyzed message to the control circuit 2002. 

[0103] 

 <Configuration of STA> 

 Fig. 14 is a simplified block diagram of a STA 2100 according to the first 

embodiment of the present disclosure.  The STA 2100 may be one of the plurality 

of STAs 120 in the wireless network 100 in Fig. 1.  The STA 2100 comprises a 

receiving circuit 2110 and a reception-signal processing circuit 2120.  The 

receiving circuit 2110 plays a role in receiving a signal transmitted by the PCP/AP 

2000.  The reception-signal processing circuit 2120 plays a role in processing the 

received signal. 

[0104] 

 Fig. 15 is a detailed block diagram of the STA 2100 according to the first 

embodiment of the present disclosure.  The STA 2100 comprises a control circuit 

2102, a message generating circuit 2104, the receiving circuit 2110, and the 

reception-signal processing circuit 2120.  The receiving circuit 2110 comprises a 

PHY processing circuit 2122 and a plurality of antennas 2124.  The reception-

signal processing circuit 2120 comprises a message processing circuit 2112. 

[0105] 

 The control circuit 2102 is a MAC protocol controller and controls general 

MAC protocol operations. 

[0106] 

 Under the control of the control circuit 2102, the message generating circuit 

2104 generates a control, data, or management message, such as a MAC frame. 

[0107] 

 A transmission signal including the generated message is subjected to PHY 

processing performed by the PHY processing circuit 2122 and is then transmitted 

via the plurality of antennas 2124. 

[0108] 

 Under the control of the control circuit 2102, the message processing circuit 
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2112 analyzes a control, data, or management message received via the plurality 

of antennas 2124 and the PHY processing circuit 2122 and supplies the analyzed 

message to the control circuit 2102.  The EDMG_ESE and the ESE included in the 

MAC frame are generated according to the embodiment described above. 

[0109] 

 <Summary of First Embodiment> 

 In the first embodiment described above, the EDMG_ESE included in a 

MAC frame transmitted over the primary channel includes all scheduling 

information for each allocation not including (not occupying) the primary channel, 

and the ESE does not include scheduling information for each allocation not 

including (not occupying) the primary channel.  With this configuration, a 

DMG_PCP/AP located in the primary channel and in an adjacent network decodes 

the ESE to thereby make it possible to avoid interpreting an allocation not 

including the primary channel as an allocation including the primary channel.  This 

allows the DMG_PCP/AP to more efficiently perform scheduling for the primary 

channel, thus improving the channel utilization efficiency of the primary channel. 

[0110] 

 Also, in the first embodiment, the first four signaling fields (or five signaling 

fields including the reserved field) in the IS-based channel allocation field are the 

same as the first four signaling fields (or five signaling fields including the reserved 

field) in the CS-based channel allocation field.  As a result, a receiving apparatus 

(e.g., a STA) can handle the first four signaling fields in each channel allocation 

field in the same way, thus making it possible to simplify processing in the 

receiving apparatus. 

[0111] 

 <First Modification of First Embodiment> 

 In the first embodiment described above, the description has been given of 

an example in which the difference signaling field 918 (see Fig. 9) is used to 

indicate on which of the IS and the CS each channel allocation field 810 (see Fig. 

8) is based.  In a first modification of the first embodiment, a description will be 

given of an example in which a method different from the method using the 

difference signaling field 918 is used to indicate on which of the IS and the CS 

each channel allocation field is based. 

[0112] 
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 Fig. 16 is a diagram illustrating one example of the format of an 

EDMG_ESE 1300 according to the first modification of the first embodiment of the 

present disclosure.  The EDMG_ESE 1300 comprises an element ID field 1302, a 

length field 1304, an element ID extension field 1306, a number-of-IS-based-

allocations field 1308, IS-based channel allocation fields 1310 (1310-1 to 1310-M), 

and CS-based channel allocation fields 1320 (1320-M+1 to 1320-N).  M is an 

integer greater than or equal to 1, and N is an integer greater than or equal to M+1. 

[0113] 

 The element ID field 1302 and the element ID extension field 1306 uniquely 

identify the EDMG_ESE 1300.  The length field 1304 specifies the number of 

octets in the element ID extension field 1306, the number-of-IS-based-allocations 

field 1308, the plurality of IS-based channel allocation fields 1310, and the plurality 

of CS-based channel allocation fields 1320.  The number-of-IS-based-allocations 

field 1308 indicates the number of IS-based channel allocation fields 1310. 

[0114] 

 The IS-based channel allocation fields 1310 are sequentially provided 

subsequent to the number-of-IS-based-allocations field 1308 and prior to the CS-

based channel allocation fields 1320.  Each IS-based channel allocation field 1310 

is analogous to the IS-based channel allocation field in Fig. 9, except that the 

difference signaling field 918 is not included. 

[0115] 

 The CS-based channel allocation fields 1320 are sequentially provided 

subsequent to the IS-based channel allocation fields 1310.  Each CS-based 

channel allocation field 1320 is analogous to the CS-based channel allocation field 

in Fig. 9, except that the difference signaling field 918 is not included. 

[0116] 

 Based on the values of the length field 1304 and the number-of-IS-based-

allocations field 1308, the number of CS-based channel allocation fields 1320, NCS, 

is calculated according to equation (1).  The length of each IS-based channel 

allocation field 1310 and the length of each CS-based channel allocation field 

1320 are known and are, for example, 5 and 17, respectively, in Fig. 16. 

NCS = ("Value of Length Field 1304" - 2 - "Value of Number-of-IS-Based-

Allocations Field 1308"  "Length of IS-Based Channel Allocation Field 1310") / 

"Length of CS-Based Channel Allocation field 1320"   Equation 
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(1) 

[0117] 

 In equation (1), "- 2" in the numerator on the right-hand side corresponds to 

the length (1 octet in Fig. 16) of the element ID extension field 1306 and the length 

(1 octet in Fig. 16) of the number-of-IS-based-allocations field 1308.  That is, in the 

numerator on the right-hand side of equation (1), the lengths of the fields other 

than the CS-based channel allocation fields 1320 are subtracted from the value of 

the length field 1304 to thereby calculate the entire length of the plurality of CS-

based channel allocation fields 1320.  The length in the numerator in equation (1) 

is divided by the length of one CS-based channel allocation field 1320 to thereby 

calculate the number of CS-based channel allocation fields 1320, NCS. 

[0118] 

 In the first modification of the first embodiment, which of the IS and the CS 

each channel allocation field is determined based on the positions of the IS-based 

channel allocation fields 1310 and the CS-based channel allocation fields 1320 in 

the EDMG_ESE 1300, the value of the number-of-IS-based-allocations field 1308 

(i.e., the number of IS-based allocation fields), and the number of CS-based 

channel allocation fields 1320, NCS, instead of providing the difference signaling 

field 918 in each channel allocation field. 

[0119] 

 Since the difference signaling field is not provided in the EDMG_ESE 1300 

in the first modification of the first embodiment, it is possible to reduce the size of 

each channel allocation field by 1 bit. 

[0120] 

 <Second Modification of First Embodiment> 

 In a second modification of the first embodiment, a description will be given 

of yet another example in which a method different from the method using the 

difference signaling field 918 (see Fig. 9) is used to indicate on which of the IS and 

the CS each channel allocation field is based. 

[0121] 

 Fig. 17 is a diagram illustrating one example of the format of an 

EDMG_ESE 1400 according to the second modification of the first embodiment of 

the present disclosure.  The EDMG_ESE 1400 comprises an element ID field 

1402, a length field 1404, an element ID extension field 1406, a number-of-CS-
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based-allocations field 1408, CS-based channel allocation fields 1410 (1410-1 to 

1410-M), and IS-based channel allocation fields 1420 (1420-M+1 to 1420-N).  M is 

an integer greater than or equal to 1, and N is an integer greater than or equal to 

M+1. 

[0122] 

 The element ID field 1402 and the element ID extension field 1406 uniquely 

identify the EDMG_ESE 1400.  The length field 1404 specifies the number of 

octets in the element ID extension field 1406, the number-of-CS-based-allocations 

field 1408, the plurality of CS-based channel allocation fields 1410, and the 

plurality of IS-based channel allocation fields 1420.  The number-of-CS-based-

allocations field 1408 indicates the number of CS-based channel allocation fields 

1410. 

[0123] 

 The CS-based channel allocation fields 1410 are sequentially provided 

subsequent to the number-of-CS-based-allocations field 1408 and prior to the CS-

based channel allocation fields 1420.  Each CS-based channel allocation field 

1410 is analogous to the IS-based channel allocation field in Fig. 9, except that the 

difference signaling field 918 is not included. 

[0124] 

 The IS-based channel allocation fields 1420 are sequentially provided 

subsequent to the CS-based channel allocation fields 1410.  Each IS-based 

channel allocation field 1420 is analogous to the IS-based channel allocation field 

in Fig. 9, except that the difference signaling field 918 is not included. 

[0125] 

 Based on the values of the length field 1404 and the number-of-CS-based-

allocations field 1408, the number of IS-based channel allocation fields 1420, NIS, 

are calculated according to equation (2).  The length of each CS-based channel 

allocation field 1410 and the length of each IS-based channel allocation fields 

1420 are known and are, for example, 17 and 5, respectively, in Fig. 17. 

NIS = ("Value of Length Field 1404" - 2 - "Value of Number-of-CS-Based-

Allocations Field 1408"  "Length of CS-Based Channel Allocation Field 1410") / 

"Length of IS-Based Channel Allocation Field 1420"   Equation 

(2) 

[0126] 
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 In the second modification of the first embodiment, which of the IS and the 

CS each channel allocation is determined based on the positions of the CS-based 

channel allocation fields 1410 and the IS-based channel allocation fields 1420 in 

the EDMG_ESE 1400, the value of the number-of-CS-based-allocations field 1408 

(i.e., the number of CS-based allocation fields), and the number of IS-based 

channel allocation fields 1320, NIS, instead of providing a difference signaling field 

in each channel allocation field. 

[0127] 

 In the EDMG_ESE 1400 in the second modification of the first embodiment, 

since the difference signaling field is not provided, the size of each channel 

allocation field can be reduced by one bit. 

[0128] 

 (Second Embodiment) 

 Fig. 18 is a diagram illustrating one example of the formats of IS-based and 

CS-based channel allocation fields included in an EDMG_ESE according to a 

second embodiment of the present disclosure.  In Fig. 18, constituents that are 

analogous to those in Fig. 9 are denoted by the same reference numerals, and 

descriptions thereof are omitted. 

[0129] 

 The format of the IS-based channel allocation field in Fig. 18 comprises a 

transmission mode field 1010 and a MIMO (multiple-input multiple-output: multiple-

input multiple-output) BF control field 1012, in addition to the format of the IS-

based channel allocation field in Fig. 9.  The format of the IS-based channel 

allocation field may contain parameters for performing beamforming during 

allocation therefor. 

[0130] 

 The format of the CS-based channel allocation field in Fig. 18 comprises a 

transmission mode field 1010 and a MIMO BF control field 1012, in addition to the 

format of the CS-based channel allocation field in Fig. 9. 

[0131] 

 The transmission mode field 1010 indicates which of a SISO (Single Input 

Single Output: single-input single-output) transmission, an SU-MIMO (Single User 

MIMO: single user MIMO) transmission, and a DL MU-MIMO (Downlink Multiuser 

MIMO: downlink multiuser MIMO) transmission is to be started in the allocation. 
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[0132] 

 The MIMO BF control field 1012 contains difference signaling related to 

MIMO BF training for the BF control field 314 in the ESE 300. 

[0133] 

 For example, the MIMO BF control field 1012 contains first signaling for 

indicating whether or not SU-MIMO BF training for an initiator link is required, 

second signaling for indicating whether or not SU-MIMO BF training for a 

responder link is required, and third signaling for indicating whether or not DL MU-

MIMO BF training is required.  The MIMO BF control field 1012 may also contain 

an additional parameter regarding the SU-MIMO BF training for the initiator link, an 

additional parameter regarding the SU-MIMO BF training for the responder link, 

and an additional parameter regarding the DL MU-MIMO BF training.  When a 

SISO transmission is started in an allocation, the MIMO BF control field 1012 is 

treated as the reserved field 920 in the channel allocation field. 

[0134] 

 The parameters contained in the MIMO BF control field 1012, that is, the 

parameters for the difference signaling related to MIMO BF training for the BF 

control field 314, are not limited to BF training and may be used for MIMO data 

communication.  For example, the parameters contained in the MIMO BF control 

field 1012 include a parameter regarding antenna directivity control and a 

parameter regarding the number of MIMO streams. 

[0135] 

 <Summary of Second Embodiment> 

 In the second embodiment of the present disclosure, the first six signaling 

fields (or the first seven signaling fields including the reserved field) in the IS-

based channel allocation field are the same as the first six signaling fields (or the 

first seven signaling fields including the reserved field) in the CS-based channel 

allocation field.  As a result, a receiving apparatus (e.g., a STA) can handle the 

first six signaling fields in each channel allocation field in the same way, thus 

making it possible to simplify processing in the receiving apparatus. 

[0136] 

 Also, in the second embodiment of the present disclosure, since each 

allocation field in the EDMG_ESE has the transmission mode field and the MIMO 

BF control field, a receiving apparatus (e.g., an EDMG_STA) that decodes the 
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EDMG_ESE can perform transmission-mode switching and BF training. 

[0137] 

 The MIMO BF control field included in the EDMG_ESE is a field for 

reporting parameters regarding extension functions added by the IEEE 802.11ay 

standard.  The extension functions are, for example, data communication and BF 

training using MIMO.  The ESE is a schedule element defined by the IEEE 

802.11ad standard and thus does not report parameters regarding the extension 

functions added by the IEEE 802.11ay standard. 

[0138] 

 For example, when the BF training in the extension functions is performed 

over a primary channel, the amount of beacon frame data can be reduced, since 

each IS-based channel allocation field includes the MIMO BF control field. 

[0139] 

 When the BF training in the extension functions is not performed in an 

allocation including a primary channel (i.e., when the BF control field does not 

specify any extension function), a beacon frame does not have to include the 

EDMG_ESE.  When a beacon frame does not include the EDMG_ESE, it is 

possible to reduce the amount of beacon frame data. 

[0140] 

 (Third Embodiment) 

 Each channel allocation field in an EDMG_ESE according to a third 

embodiment of the present disclosure has a signaling field that is the same as in 

the allocation field in the ESE, in addition to the source AID field, the destination 

AID field, and the allocation ID field. 

[0141] 

 For example, each channel allocation field in the EDMG_ESE includes an 

allocation type field or an allocation block duration field as a common signaling 

field. 

[0142] 

 When a MAC frame including an ESE and an EDMG_ESE is transmitted 

over a primary channel, the common signaling field in the channel allocation field 

for an allocation not including the primary channel, the channel allocation field 

being included in the EDMG_ESE, is set to an actual value.  On the other hand, 

the common signaling field in the allocation field for an allocation not including the 
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primary channel, the allocation field being included in the ESE, is set to an invalid 

value. 

[0143] 

 For example, when the common signaling field is an allocation block 

duration field, the allocation block duration field in the allocation field for an 

allocation not including the primary channel, the allocation field being included in 

the ESE, is set to 0, which is an invalid value. 

[0144] 

 Also, for example, when the common signaling field is an allocation type 

field, the allocation type field in the allocation field for an allocation not including 

the primary channel, the allocation field being included in the ESE, is set to one 

value (e.g., one of 2, 3, 4, 5, 6, and 7) that indicates neither a CBAP nor an SP. 

[0145] 

 In an allocation including the primary channel, the common signaling field in 

the channel allocation field in the EDMG_ESE and the common signaling field in 

the allocation field in the ESE are both set to actual values. 

[0146] 

 Fig. 19 is a diagram illustrating one example of the format of an 

EDMG_ESE 1500 according to the third embodiment of the present disclosure.  

The EDMG_ESE 1500 comprises an element ID field 1502, a length field 1504, an 

element ID extension field 1506, a number-of-allocations field 1508, and channel 

allocation fields 1510 (1510-1 to 1510-N (N is an integer greater than or equal to 

1)). 

[0147] 

 The element ID field 1502 and the element ID extension field 1506 uniquely 

identify the EDMG_ESE 1500.  The length field 1504 specifies the number of 

octets in the element ID extension field 1506, the number-of-allocations field 1508, 

and the channel allocation fields 1510.  The number-of-allocations field 1508 

indicates the number of channel allocation fields 1510. 

[0148] 

 Although an example in which the EDMG_ESE 1500 comprises the 

number-of-allocations field 1508 will be described in Fig. 19, the EDMG_ESE 1500 

does not have to comprise the number-of-allocations field 1508.  For example, the 

number of allocations, N, may be calculated using N = ("Length Field" - 1) / 
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"Length (7 in the example Fig. 19) of Channel Allocation Field 1510". 

[0149] 

 Each channel allocation field 1510 contains difference scheduling 

information for a specific allocation.  Each channel allocation field 1510 comprises 

an allocation key field 1602, a channel aggregation field 1604, a BW field 1606, 

and an allocation block duration field 1608.  The allocation key field 1602, the 

channel aggregation field 1604, and the BW field 1606 are analogous to the 

allocation key field 512, the channel aggregation field 514, and the BW field 516 in 

Fig. 6. 

[0150] 

 The allocation block duration field 1608 is a common signaling field and is 

analogous to the allocation block duration field 322 in the ESE 300 in Fig. 5.  

Alternatively, the allocation block duration field 1608 may be replaced with an 

allocation type field that is analogous to the allocation type field 334 in the ESE 

300 in Fig. 3. 

[0151] 

 Next, a description will be given of one example of an ESE and an 

EDMG_ESE for scheduling.  The example illustrated in Fig. 10 is incorporated 

here for the scheduling. 

[0152] 

 The ESE and the EDMG_ESE included in the MAC frame 1101 transmitted 

over CH1 in Fig. 10 will be described using Fig. 20. 

[0153] 

 Fig. 20 is a diagram illustrating, in the third embodiment of the present 

disclosure, one example of an ESE 2300 and an EDMG_ESE 1500 transmitted 

over the primary channel (CH1) in Fig. 10.  In Fig. 20, constituents that are 

analogous to those in Figs. 5 and 19 are denoted by the same reference numerals, 

and descriptions thereof are omitted. 

[0154] 

 The ESE 2300 has an allocation field 306-1 for signaling scheduling 

information for the allocation 454a including the primary channel (CH1), an 

allocation field 306-2 for signaling scheduling information for the allocation 454b 

not including the primary channel (CH1), and an allocation field 306-3 for signaling 

scheduling information for the allocation 454c including the primary channel (CH1). 
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[0155] 

 The EDMG_ESE 1500 has a channel allocation field 1510-1 for signaling 

difference scheduling information for the allocation 454a including the primary 

channel (CH1), a channel allocation field 1510-2 for signaling difference 

scheduling information for the allocation 454b not including the primary channel 

(CH1), and a channel allocation field 1510-3 for signaling difference scheduling 

information for the allocation 454c including the primary channel (CH1). 

[0156] 

 The allocation block duration field 322 in the allocation field 306-2 for the 

allocation 454b not including the primary channel (CH1), the allocation field 306-2 

being included in the ESE 2300, is set to 0.  The allocation block duration fields 

322 (not illustrated) in the allocation fields 306-1 and 306-3 are set to actual values.  

Also, the block duration fields 1608 (see Fig. 19) added to the channel allocation 

fields 1510 in the EDMG_ESE 1500 are set to actual values. 

[0157] 

 A DMG_PCP/AP located in the primary channel (CH1) and in an adjacent 

network receives the MAC frame 1101 including the ESE 2300 and the 

EDMG_ESE 1500 in Fig. 20 and decodes the ESE 2300 to obtain the scheduling 

information for the allocations 454a and 454c.  Also, upon recognizing that the 

allocation block duration field 322 in the allocation field 306-2 for the allocation 

454b is set to 0, the DMG_PCP/AP determines that the allocation 454b is, in 

practice, an allocation that is not scheduled on the primary channel (CH1).  

Accordingly, the DMG_PCP/AP can perform another allocation to the resource 

(the region Y1 in Fig. 10) in the time corresponding to the time of the allocation 

454b, the resource being included in the primary channel (CH1). 

[0158] 

 Also, although the allocation block duration field 322 in the allocation field 

306-2 for the allocation 454b, the allocation field 306-2 being included in the ESE 

2300 in Fig. 20, is set to 0, the allocation block duration field 1608 (not illustrated) 

set to an actual value is included in the channel allocation field 1510-2 for the 

allocation 454b, the channel allocation field 1510-2 being included in the 

EDMG_ESE 1500 in Fig. 20.  Accordingly, the EDMG_STA can obtain scheduling 

information for all allocations including the allocation 454b, by decoding the ESE 

2300 and the EDMG_ESE 1500 in Fig. 20. 
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[0159] 

 <Summary of Third Embodiment> 

 In the third embodiment described above, each channel allocation field 1510 

in the EDMG_ESE 1500 has the common signaling field (e.g., the allocation type 

field or the allocation block duration field) that is common to the allocation fields 

306 in the ESE, in addition to the source AID field, the destination AID field, and 

the allocation ID field. 

[0160] 

 The common signaling field regarding each allocation not including (not 

occupying) the primary channel, the common signaling field being included in the 

ESE included in the MAC frame transmitted over the primary channel, is set to an 

invalid value, and the common signaling field in the EDMG_ESE is set to an actual 

value. 

[0161] 

 With this configuration, a DMG_PCP/AP located in the primary channel and 

in an adjacent network can avoid interpreting an allocation not including the 

primary channel as an allocation including the primary channel, by decoding the 

ESE.  This allows the DMG_PCP/AP to more efficiency perform scheduling for the 

primary channel, thus improving the channel utilization efficiency of the primary 

channel. 

[0162] 

 (Fourth Embodiment) 

 Fig. 21 is a diagram illustrating one example of the format of each channel 

allocation field included in an EDMG_ESE according to a fourth embodiment of the 

present disclosure.  In Fig. 21, constituents that are analogous to those in Fig. 19 

are denoted by the same reference numerals, and descriptions thereof are omitted. 

[0163] 

 The format of the channel allocation field in Fig. 21 comprises a 

transmission mode field 1720 and a MIMO BF control field 1722 in addition to the 

format of the channel allocation field 1510 in Fig. 19. 

[0164] 

 The transmission mode field 1720 indicates which of a SISO transmission, 

an SU-MIMO transmission, and a DL MU-MIMO transmission is to be started in 

the allocation. 
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[0165] 

 The MIMO BF control field 1722 includes difference signaling related to 

MIMO BF training for the BF control field in the ESE 300. 

[0166] 

 For example, the MIMO BF control field 1722 contains first signaling for 

indicating whether or not SU-MIMO BF training for an initiator link is required, 

second signaling for indicating whether or not SU-MIMO BF training for a 

responder link is required, and third signaling for indicating whether or not DL MU-

MIMO BF training is required.  The MIMO BF control field 1722 may also contain 

an additional parameter regarding the SU-MIMO BF training for the initiator link, an 

additional parameter regarding the SU-MIMO BF training for the responder link, 

and an additional parameter regarding the DL MU-MIMO BF training.  When a 

SISO transmission is started in an allocation, the MIMO BF control field 1722 is 

treated as a reserved field in the channel allocation field for the allocation. 

[0167] 

 <Summary of Fourth Embodiment> 

 In the fourth embodiment of the present disclosure, since each allocation 

field in the EDMG_ESE has the transmission mode field and the MIMO BF control 

field, a receiving apparatus (e.g., an EDMG_STA) that can decode the 

EDMG_ESE can perform transmission-mode switching and BF training. 

[0168] 

 The formats of the frames described above in the embodiments are 

examples, and the present disclosure is not limited thereto.  For example, the 

order of the fields included in the frames and/or the sizes of the fields may be 

changed. 

[0169] 

 Although examples in which the present disclosure is implemented by 

hardware have been described in the embodiments above, the present disclosure 

may be implemented by software.  Also, the scheme for implementing an 

integrated circuit is not limited to a scheme for LSI and may be realized with a 

dedicated circuit or a general-purpose processor.  An FPGA (Field Programmable 

Gate Array) that can be programmed after manufacture of an LSI or a 

reconfigurable processor that allows reconfiguration of connections or settings of 

circuit cells in an LSI may also be utilized. 
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[0170] 

 In addition, when a circuit integration technology that replaces LSI, for 

example, an application example using biotechnology or the like, becomes 

available with the advancement of semiconductor technology or other derivative 

technology, the technology may also be used to integrate the functional blocks. 

[0171] 

 Each embodiment described above can be used for a cellular, a 

smartphone, a tablet terminal, and a television terminal that transmit or receive at 

least one of video, pictures, text, and sound. 

[0172] 

 Although various embodiments have been described above with reference 

to the drawings, it goes without saying that the present disclosure is not limited to 

such examples.  It is apparent to those skilled in the art that various variations and 

modifications can be conceived within the scope recited in the claims, and it is to 

be understood that those variations and modifications also naturally belong to the 

technical scope of the present disclosure.  Also, the constituent elements in the 

embodiments described above may be arbitrarily combined together within a 

scope that does not depart from the spirit of the present disclosure. 

[0173] 

 <Summary of the Present Disclosure> 

 A transmitting apparatus in the present disclosure comprises: a 

transmission-signal generating circuit that generates at least one of a first type of 

schedule element corresponding to an allocation involving a single channel and a 

second type of schedule element corresponding to an allocation involving a 

plurality of channels and that generates a MAC frame including the generated first 

type or second type of schedule element; and a transmitting circuit that transmits 

the MAC frame over a first channel.  When the allocation involving the plurality of 

channels includes the first channel, the transmission-signal generating circuit 

generates the first type of schedule element including all information of information 

regarding the allocation involving the plurality of channels and generates the 

second type of schedule element including difference information indicating the 

generated first type of schedule element, and when the allocation involving the 

plurality of channels does not include the first channel, the transmission-signal 

generating circuit omits the generation of the first type of schedule element and 
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generates the second type of schedule element including all information of the 

information regarding the allocation involving the plurality of channels. 

[0174] 

 In the transmitting apparatus in the present disclosure, the first type of 

schedule element is an extended schedule element that complies with an IEEE 

802.11ad standard, and the second type of schedule element is an EDMG 

(Enhanced Directional Multi-Gigabit) extended schedule element that complies 

with an IEEE 802.11ay standard. 

[0175] 

 In the transmitting apparatus in the present disclosure, the MAC frame is 

either a DMG beacon frame or an announce frame. 

[0176] 

 In the transmitting apparatus in the present disclosure, the second type of 

schedule element comprises one or more allocation fields corresponding to the 

allocation involving the plurality of channels; each allocation field incudes 

scheduling information for the corresponding allocation; and the allocation field 

comprises a signaling field indicating which of all information of the scheduling 

information for the allocation involving the plurality of channels and difference 

scheduling information for the allocation involving the plurality of channels is 

included, the difference scheduling information being difference information 

indicating the generated first type of schedule element. 

[0177] 

 A receiving apparatus in the present disclosure comprises: a receiving 

circuit that receives a MAC frame from a transmitting apparatus over a first 

channel, the MAC frame including at least one of a first type of schedule element 

corresponding to an allocation involving a single channel and a second type of 

schedule element corresponding to an allocation involving a plurality of channels; 

and a signal processing circuit that determines the allocation involving the plurality 

of channels, by using the schedule element included in the MAC frame.  With 

respect to the first type of schedule element and/or the second type of schedule 

element included in the MAC frame transmitted from the transmitting apparatus, 

when the allocation involving the plurality of channels does not include the first 

channel, the transmitting apparatus omits the generation of the first type of 

schedule element and generates the second type of schedule element including all 
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information of information regarding the allocation involving the plurality of 

channels, and when the allocation involving the plurality of channels includes the 

first channel, the transmitting apparatus generates the first type of schedule 

element including all information of the information regarding the allocation 

involving the plurality of channels and generates the second type of schedule 

element including difference information indicating the generated first type of 

schedule element. 

[0178] 

 In the receiving apparatus in the present disclosure, the first type of 

schedule element is an extended schedule element that complies with an IEEE 

802.11ad standard, and the second type of schedule element is an EDMG 

(Enhanced Directional Multi-Gigabit) extended schedule element that complies 

with an IEEE 802.11ay standard. 

[0179] 

 In the receiving apparatus in the present disclosure, the MAC frame is either 

a DMG beacon frame or an announce frame. 

[0180] 

 In the receiving apparatus in the present disclosure, the second type of 

schedule element comprises one or more allocation fields corresponding to the 

allocation involving the plurality of channels; each allocation field incudes 

scheduling information for the corresponding allocation; and the allocation field 

comprises a signaling field indicating which of all information of the scheduling 

information for the corresponding allocation or difference scheduling information 

for the allocation involving the plurality of channels, the difference scheduling 

information being difference information indicating the generated first type of 

schedule element. 

Industrial Applicability 

[0181] 

 The present disclosure can be applied to a method for scheduling 

allocations on one or more channels in a multi-user wireless communication 

system. 

Reference Signs List 

[0182] 

 2000  PCP/AP 
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 2002, 2102  control circuit 

 2004  scheduling circuit 

 2010  transmission-signal generating circuit 

 2020  transmitting circuit 

 2100  STA 

 2110  receiving circuit 

 2120  reception-signal processing circuit 

 2006, 2112  message processing circuit 

 2012, 2104  message generating circuit 

 2024, 2124  antenna 

 2022, 2122  PHY processing circuit 
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CLAIMS 

[Claim 1] 

 A transmitting apparatus comprising: 

 a transmission-signal generating circuit that generates at least one of a first 

type of schedule element corresponding to an allocation involving a single channel 

and a second type of schedule element corresponding to an allocation involving a 

plurality of channels and that generates a MAC frame including the generated first 

type or second type of schedule element; and 

 a transmitting circuit that transmits the MAC frame over a first channel, 

 wherein, when the allocation involving the plurality of channels includes the 

first channel, 

  the transmission-signal generating circuit 

   generates the first type of schedule element including all 

information of information regarding the allocation involving the plurality of 

channels and 

   generates the second type of schedule element including 

difference information indicating the generated first type of schedule element, and 

  when the allocation involving the plurality of channels does not 

include the first channel, 

  the transmission-signal generating circuit 

   omits the generation of the first type of schedule element and 

   generates the second type of schedule element including all 

information of the information regarding the allocation involving the plurality of 

channels. 

[Claim 2] 

 The transmitting apparatus according to Claim 1, 

 wherein the first type of schedule element is an extended schedule element 

that complies with an IEEE 802.11ad standard, and 

 the second type of schedule element is an EDMG (Enhanced Directional 

Multi-Gigabit) extended schedule element that complies with an IEEE 802.11ay 

standard. 

[Claim 3] 

 The transmitting apparatus according to Claim 1, 

 wherein the MAC frame is either a DMG beacon frame or an announce 
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frame. 

[Claim 4] 

 The transmitting apparatus according to Claim 1, 

 wherein the second type of schedule element comprises one or more 

allocation fields corresponding to the allocation involving the plurality of channels; 

 each allocation field incudes scheduling information for the corresponding 

allocation; and 

 the allocation field comprises a signaling field indicating which of all 

information of the scheduling information for the allocation involving the plurality of 

channels and difference scheduling information for the allocation involving the 

plurality of channels is included, the difference scheduling information being 

difference information indicating the generated first type of schedule element. 

[Claim 5] 

 A receiving apparatus comprising: 

 a receiving circuit that receives a MAC frame from a transmitting apparatus 

over a first channel, the MAC frame including at least one of a first type of 

schedule element corresponding to an allocation involving a single channel and a 

second type of schedule element corresponding to an allocation involving a 

plurality of channels; and 

 a signal processing circuit that determines the allocation involving the 

plurality of channels, by using the schedule element included in the MAC frame, 

 wherein, with respect to the first type of schedule element and/or the 

second type of schedule element included in the MAC frame transmitted from the 

transmitting apparatus, 

 when the allocation involving the plurality of channels does not include the 

first channel, 

  the transmitting apparatus 

   omits the generation of the first type of schedule element and 

   generates the second type of schedule element including all 

information of information regarding the allocation involving the plurality of 

channels, and 

 when the allocation involving the plurality of channels includes the first 

channel, 

  the transmitting apparatus 
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   generates the first type of schedule element including all 

information of the information regarding the allocation involving the plurality of 

channels and 

   generates the second type of schedule element including 

difference information indicating the generated first type of schedule element. 

[Claim 6] 

 The receiving apparatus according to Claim 5, 

 wherein the first type of schedule element is an extended schedule element 

that complies with an IEEE 802.11ad standard, and 

 the second type of schedule element is an EDMG (Enhanced Directional 

Multi-Gigabit) extended schedule element that complies with an IEEE 802.11ay 

standard. 

[Claim 7] 

 The receiving apparatus according to Claim 5, 

 wherein the MAC frame is either a DMG beacon frame or an announce 

frame. 

[Claim 8] 

 The receiving apparatus according to Claim 5, 

 wherein the second type of schedule element comprises one or more 

allocation fields corresponding to the allocation involving the plurality of channels; 

 each allocation field incudes scheduling information for the corresponding 

allocation; and 

 the allocation field comprises a signaling field indicating which of all 

information of the scheduling information for the corresponding allocation or 

difference scheduling information for the allocation involving the plurality of 

channels, the difference scheduling information being difference information 

indicating the generated first type of schedule element.  

 




