
 

1 

 

COMMUNICATION APPARATUS AND COMMUNICATION METHOD 

 

Technical Field 

[0001] 

 The invention disclosed in the present specification relates to a communication 

apparatus which controls channel access operation under a multi user environment, and a 

communication method. 

 

Background Art 

[0002] 

 In a wireless LAN typified by IEEE 802.11, or the like, increase of communication 

speed can be realized by orthogonal frequency division multiple access (OFDMA) and multi 

user multi-input multi-output (MU-MIMO) being introduced (see, for example, Patent 

Literature 1). 

[0003] 

 Here, in OFDM, which is a multi-carrier scheme in which a plurality of pieces of 

data is allocated to frequency subcarriers which are �orthogonal�, that is, which do not 

interfere with each other, each subcarrier on a frequency axis can be converted into a signal 

on a time axis and transmitted by inverse fast Fourier transform (FFT) being performed on 

each subcarrier. OFDMA is a multiple access scheme in which, instead of one communication 

station occupying all subcarriers of an OFDM signal, subcarrier sets on the frequency axis are 

allocated to a plurality of communication stations, so that subcarriers are shared among the 

plurality of communication stations. 

[0004] 

 Further, MIMO is a communication scheme which realizes a spatial multiplexed 

stream by a plurality of antenna elements being provided at both a transmitter side and a 

receiver side.  It can be said that MU-MIMO is a spatial division multiple access scheme in 

which wireless resources on a spatial axis are shared among a plurality of users. 

 

[0005] 
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 Communication using OFDMA or MU-MIMO is called a multi user (MU) mode.  

In contrast to this, one-to-one communication without multiple access is called a single user 

(SU) mode. 

 

Citation List 

Patent Literature 

[0006] 

 Patent Literature 1:  JP 5437307B 

 

Disclosure of Invention 

Technical Problem 

[0007] 

 Embodiments of the present invention provide an excellent communication apparatus 

and communication method which enables preferable control of channel access operation 

under a multi user environment. 

 

Solution to Problem 

[0008] 

 According to a first aspect of the present invention, there is provided a 

communication apparatus (AP) configured to transmit a frame in which information regarding 

a transmission waiting period of another terminal is described, operate as an access point, and  

describe in the frame which notifies a subordinate terminal of allowance of multi user 

transmission, the information designating a transmission waiting period of the terminal after 

the multi user transmission is finished, wherein the communication apparatus is configured to 

transmit the frame in which the information designating a transmission waiting period in 

accordance with a number of times of transmission of the terminal is described. 

[0009] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to operate as an access point, and describe in the frame which notifies a 

subordinate terminal of allowance of multi user transmission, the information designating a 

transmission waiting period of the terminal after the multi user transmission is finished. 
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[0010] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured transmit the frame in which the information designating to each terminal a 

transmission waiting period longer than a transmission waiting period in a case where the 

communication apparatus performs multi user transmission after the multi user transmission 

is finished, is described. 

[0011] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to transmit the frame in which the information designating a transmission waiting 

period different for each terminal is described. 

[0012] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to transmit the frame in which the information designating a transmission waiting 

period in accordance with the number of times of transmission of the terminal is described. 

[0013] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to transmit the frame in which the information designating a transmission waiting 

period such that a terminal whose number of times of transmission is smaller has a shorter 

transmission waiting period than a terminal whose number of times of transmission is larger, 

is described. 

[0014] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to transmit the frame in which the information designating a shorter transmission 

waiting period for a terminal which performs data retransmission than a transmission waiting 

period of another terminal, is described. 

[0015] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to transmit the frame in which the information designating a longer transmission 

waiting period for the terminal which is allowed to perform multi user transmission, than a 

remaining transmission waiting period of a terminal which performs data retransmission, is 

described. 
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[0016] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to transmit the frame in which a category favorable for the multi user transmission 

and the information designating a transmission waiting period for the terminal after the multi 

user transmission is finished, are described. 

[0017] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to transmit the frame in which the information designating a transmission waiting 

period for the terminal in accordance with the category is described. 

[0018] 

 In an embodiment, the communication apparatus according to the first aspect is 

configured to describe, in the frame in which a category with higher priority is designated, the 

information designating a transmission waiting period shorter than a remaining period of a 

transmission waiting period set in a case where a category with lower priority is designated. 

[0019] 

 Disclosed herein is a communication method including: a step of transmitting a 

frame in which information regarding a transmission waiting period of another terminal is 

described. 

[0020] 

  Disclosed herein is a communication apparatus that is configured to set, on the basis 

of information regarding a transmission waiting period of the communication apparatus 

described in a received frame, a transmission waiting period after communication processing 

relating to the received frame is performed. 

[0021] 

 In an embodiment, the above communication is configured to transmit a frame in 

which information regarding a transmission waiting period of the communication apparatus 

upon next frame transmission is described. 

[0022] 

 In an embodiment, the communication apparatus according to the fourth aspect is 

configured to operate as an access point, and describe the information regarding the 

transmission waiting period of the communication apparatus upon the next frame 



 

5 

transmission in the frame which notifies a subordinate terminal of allowance of multi user 

transmission. 

[0023] 

 In an embodiment, the communication apparatus according to the fourth aspect is 

configured to describe a predetermined value as the information in a case where a next frame 

is not transmitted for a while after the frame is transmitted. 

[0024] 

 In an embodiment, the communication apparatus according to the fourth aspect is 

configured to further describe in the frame, information regarding a transmission waiting 

period upon retransmission of a frame transmitted by the terminal through the multi user 

transmission. 

[0025] 

 In an embodiment, the communication apparatus according to the fourth aspect is 

configured to transmit the frame in which a category favorable for multi user transmission and 

the information regarding a transmission waiting period upon retransmission in accordance 

with the category are described. 

[0026] 

 Disclosed herein is a communication method including: a step of transmitting a 

frame in which information regarding a transmission waiting period of an own 

communication apparatus upon next frame transmission is described. 

[0027] 

 In an embodiment, the above communication apparatus is configured to set, on a 

basis of information regarding a transmission waiting period upon next frame transmission by 

a transmission source of a frame described in the received frame, a transmission waiting 

period of the communication apparatus after communication processing relating to the 

received frame is performed. 

[0027a] 

According to a second aspect of the present invention, there is provided a 

communication method including the steps of: transmitting a frame in which information 

regarding a transmission waiting period of another terminal is described, operating as an 

access point, and describing in the frame which notifies a subordinate terminal of allowance 
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of multi user transmission, the information designating a transmission waiting period of the 

terminal after the multi user transmission is finished, wherein, in transmitting the frame, 

information designating a transmission waiting period in accordance with a number of times of 

transmission of the terminal is described. 

[0027b] 

According to a third aspect of the present invention, there is provided a 

communication apparatus (STA) configured to set, on a basis of information regarding a 

transmission waiting period of the communication apparatus described in a received frame, a 

transmission waiting period after communication processing relating to the received frame is 

performed, wherein the communication apparatus is configured to set the transmission waiting 

period in accordance with a number of times of transmission of the communication apparatus. 

[0027c] 

According to a fourth aspect of the present invention, there is provided a 

communication method including the steps of: setting, on a basis of information regarding a 

transmission waiting period of the communication apparatus described in a received frame, a 

transmission waiting period after communication processing relating to the received frame is 

performed, wherein the transmission waiting period is set in accordance with a number of times 

of transmission of the communication apparatus. 

 

Advantageous Effects of Invention 

[0028] 

 According to embodiments of the present invention, it is possible to provide an 

excellent communication apparatus and communication method which enables preferable 

control of channel access operation of subordinate terminals as an access point under a multi 

user environment where a plurality of terminals exists. 

[0029] 

 According to embodiments of the present invention, it is possible to provide an 

excellent communication apparatus and communication method which enables preferable 

control of channel access operation of an own terminal under a multi user environment where 

a plurality of terminals exists. 

[0030] 
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 Note that the effects described in the present specification are merely examples, and 

effects of embodiments of the present invention are not limited to these.  Further, there is 

also a case where embodiments of the present invention further provide additional effects 

other than the above-described effects. 

[0031] 

 Other aspects, features and advantages of the invention disclosed in the present 

specification will become more clear from the detailed description based on embodiments 

described later and the accompanying drawings. 

 

Brief Description of Drawings 

[0032] 

[FIG. 1] FIG. 1 is a diagram illustrating a communication sequence example in the case where 

a mode is switched in a wireless LAN network. 

[FIG. 2] FIG. 2 is a diagram illustrating a communication sequence example in the case where 

a mode is switched in a wireless LAN network. 

[FIG. 3] FIG. 3 is a diagram illustrating a communication sequence example in the case where 

a mode is switched in a wireless LAN network. 

[FIG. 4] FIG. 4 is a diagram illustrating a configuration example of a wireless LAN system. 

[FIG. 5] FIG. 5 is a diagram illustrating a configuration example of a communication 

apparatus 500. 

[FIG. 6] FIG. 6 is a flowchart illustrating operation procedure within the wireless LAN 

system. 

[FIG. 7] FIG. 7 is a diagram illustrating a configuration example of a trigger frame. 

[FIG. 8] FIG. 8 is a diagram illustrating a communication sequence example (CW setting by 

the number of times of transmission) in which a parameter value of CW of each STA is set at 

the discretion of an AP. 

[FIG. 9] FIG. 9 is a diagram illustrating a communication sequence example (CW setting by 

retransmission) in which the parameter value of the CW of each STA is set at the discretion of 

the AP. 
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[FIG. 10] FIG. 10 is a diagram illustrating priority of an AC level. 

[FIG. 11] FIG. 11 is a diagram illustrating a communication sequence example (CW 

setting in accordance with the AC level) in which the parameter value of the CW of 

each STA is set at the discretion of the AP. 

[FIG. 12] FIG. 12 is a flowchart illustrating processing procedure in the case where ��

the AP transmits the trigger frame. 

[FIG. 13] FIG. 13 is a diagram illustrating a configuration example of the trigger 

frame. 

[FIG. 14] FIG. 14 is a diagram illustrating a communication sequence example in 

which the parameter value of the CW of each STA is set at the discretion of the STA. ���

 

Mode(s) for Carrying Out the Invention 

[0033] 

 An embodiment of the technology disclosed in the present specification will 

be described below with reference to the drawings. ���

[0034] 

 In IEEE 802.11 which is one of representative standards of a wireless LAN, 

as a mechanism for each terminal to autonomously acquire a transmission 

opportunity, carrier sense multipe access/collision avoidance (CSMA/CA) is 

specified.  Specifically, a terminal waits before transmission (performs back off) for ���

a random period.  Further, in the case where the terminal observes (performs carrier 

sense) a surrounding radio wave environment during back off and detects a radio 

wave having power equal to or greater than a certain detection threshold, the terminal 

stops the back off and suppresses transmission of packets.  By this mechanism of 

back off and carrier sense, the terminals avoid collision of packets while acquiring ���

transmission opportunities in an autonomous and distributed manner. 

[0035] 

 Normally, in the case where a mode is switched from an MU mode to an SU 

mode in a wireless LAN, a setting value for determining a transmission waiting 

period such as a contention window (CW) and back off (BO) is reset.  In such a ���

case, because a terminal station (STA) cannot restart transmission immediately after 
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the mode is switched, it is concerned that utilization efficiency of a transmission path 

may degrade.  Further, as a result of the setting value being reset, because the 

respective STAs start transmission toward an access point (AP) at the same time, 

there is a possibility that collision may occur. 

[0036] ��

 FIG. 1 to FIG. 3 illustrate communication sequence examples in the case 

where a mode is switched in the wireless LAN network.  However, each horizontal 

axis in the drawings indicates a time axis, each rectangle indicates a frame 

transmitted from a corresponding communication apparatus at time corresponding to 

a position on the horizontal axis, and a parallelogram indicates a transmission ���

waiting period.  Further, an arrow extending in a vertical direction from a frame 

indicates a direction of transmission of the frame (an upward arrow indicates an 

uplink, and a downward arrow indicates a downlink). 

[0037] 

 In the example illustrated in each drawing, a network configuration is ���

assumed where two terminal stations STA 1 and STA 2 perform communication 

operation under control of the access point (AP), and it is assumed that each STA has 

an uplink MU function, and the mode is switched to the MU mode in response to a 

trigger frame (Trigger) from the AP. 

[0038] ���

 Further, in each drawing, the AP, the STA 1 and the STA 2 respectively set 

back off prior to frame transmission and can acquire transmission opportunities while 

an interference signal is not detected during a back off period, that is, during a CW.  

Typically, the CW is calculated by multiplying a random value by slot time which is 

approximately several micro seconds.  Further, while the CW is reset in the case ���

where packets are successfully transmitted or in the case where a communication 

mode is switched, if another packet transmission is started while the back off is set, 

the back off is interrupted, and the back off is restarted from the remaining period 

after transmission is finished.  Also in the examples illustrated in FIG. 1 to FIG. 3, 

it is assumed that the AP and each STA randomly set the CW and reset the CW upon ���

switching of the mode. 
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[0039] 

 In the example illustrated in FIG. 1, while the STA 1 sets the back off, the 

AP transmits a trigger frame in a format which can be received by a plurality of 

STAs, to subordinate STA 1 and STA 2.  The trigger frame described here is a 

frame for notifying the STA 1 and the STA 2 of transmission allowance of an uplink ��

data frame, and gives an instruction of an accurate timing for starting transmission 

and an accurate duration of the frame. 

[0040] 

 The STA 1 detects a signal from the AP and interrupts the back off.  Then, 

the STA 1 and the STA 2 enter the MU mode in response to allowance of uplink ���

transmission through the trigger frame, start transmission of uplink data frames (UL 

MU PLCP protocol data unit (PPDU)) to the AP at the same time and complete the 

transmission at the same time in accordance with the instruction of the frame.  Then, 

the AP transmits a multi STA block ack (M-BA) frame in a format which can be 

received by both the STA 1 and the STA 2, and makes a notification of a reception ���

result of the data frame transmitted from each of the STA 1 and the STA 2. 

[0041] 

 After the STA 1 and the STA 2 receive the M-BA from the AP, the STA 1 

and the STA 2 return to the SU mode.  Then, while the STA whose data frame is 

successfully received at the AP can prepare for transmission of next new data, the ���

STA whose data frame fails to be received prepares for retransmission of the data.  

In the example illustrated in FIG. 1, the AP fails in reception of the data frame 

transmitted from the STA 1, and the AP transmits M-BA only to the STA 2. 

[0042] 

 While the STA 1 prepares for transmitting a retransmission data frame after ���

the MU mode is finished, the above-described interrupted back off is not restarted 

from the remaining period, but performed again from the beginning by the CW being 

reset upon returning to the SU mode.  Therefore, a longer waiting period is set for 

the STA 1 until the STA 1 acquires a retransmission opportunity of the data frame 

(UL SU PPDU) by the mode being switched to the MU mode in the middle of the ���

back off. 
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[0043] 

 Further, in the example illustrated in FIG. 2, the mode of the STA 1 and the 

STA 2 for which uplink transmission is allowed through the trigger frame is switched 

to the MU mode by the AP transmitting the trigger frame for uplink (as described 

above). ��

[0044] 

 Then, the STA 1 and the STA 2 start transmission of the uplink data frames 

(UL MU PPDU) at the same time and complete the transmission at the same time in 

accordance with the instruction of the trigger frame, and, in response to this, the AP 

transmits an M-BA frame and makes a notification of a reception result of the data ���

frame transmitted from each of the STA 1 and the STA 2.  Here, because the AP 

fails in reception of the both data frames transmitted from the STA 1 and the STA 2, 

the STA 1 and the STA 2 respectively prepare for transmission of retransmission 

data frames. 

[0045] ���

 Thereafter, if the mode returns from the MU mode to the SU mode, the STA 

1 and the STA 2 respectively reset CWs and try to retransmit data (UL SU PPDU) to 

the AP.  In the example illustrated in FIG. 2, the STA 1 and the STA 2 set the CWs 

at CWmin (a minimum value of the CW) at the same time.  Therefore, there is a 

problem that a possibility of occurrence of collision increases. ���

[0046] 

 Further, in the example illustrated in FIG. 3, while both the AP and the STA 

2 set the back off, the AP finishes the CW first, and thereby acquires a transmission 

opportunity, and transmits a trigger frame which makes a notification of transmission 

allowance of an uplink data frame to the STA 1 and the STA 2. ���

[0047] 

 The STA 1 and the STA 2 enter the MU mode in response to this trigger 

frame, start transmission of uplink data frames (UL MU PPDU) at the same time and 

complete the transmission at the same time, and, in response to this, the AP transmits 

an M-BA frame and makes a notification of a reception result of the data frame ���
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transmitted from each of the STA 1 and the STA 2.  It is assumed here that the data 

frames transmitted from the STA 1 and the STA 2 are both received at the AP. 

[0048] 

 Thereafter, the AP sets the back off to transmit the second trigger frame.  

Further, the STA 2 sets the back off to transmit a data frame (UL SU PPDU) to the ��

AP in the SU mode.  Here, because a back off counter of the STA 2 expires earlier 

than that of the AP, uplink single user transmission (UL SU PPDU) by the STA 2 is 

started, and the AP cannot transmit the second trigger frame immediately after the 

first uplink multiplex communication. 

[0049] ���

 In short, in the example illustrated in FIG. 3, while the AP tries to perform 

uplink multiplex communication twice in a row, because the communication is 

interrupted by single user transmission by the subordinate STA 2, the AP cannot 

continuously start the second uplink multiplex communication.  As a result, there is 

a problem that system throughput becomes lower than in the case where uplink ���

multiplex communication is continuously performed. 

[0050] 

 Therefore, the present specification discloses a technology for solving the 

problems as illustrated in FIG. 1 to FIG. 3 by controlling channel access operation of 

each STA after uplink multi user communication is finished.  The technology ���

disclosed in the present specification is realized with two methods (1) and (2) 

described below. 

[0051] 

(1) An access control parameter (such as a CW and BO) after the MU mode of each 

STA which is a transmission destination is finished is described in the trigger frame ���

to be transmitted from the AP side.  In response to this, each STA sets a parameter 

in accordance with the description of the trigger frame after the MU mode is finished. 

[0052] 

(2) Access control parameters of the AP itself and the STA upon retransmission are 

described in the trigger frame to be transmitted from the AP side. ���

[0053] 
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 Among the above methods, in the method of (1), the AP appropriately sets 

the access control parameter after the MU is finished, which is addressed to each 

STA, in accordance with a status.  For example, by the access control parameter 

being designated in accordance with priority among the STAs, it is possible to 

shorten a waiting period after the MU mode is finished for the STA with higher ��

priority, so that it is possible to improve overall system throughput.  Further, by the 

access control parameters of the respective STAs after the MU mode is finished 

being set at different values, it is possible to avoid collision.  Still further, by each 

STA restarting back off without resetting a value of the access control parameter 

such as a CW and BO in the case where the mode is switched (in the case where the ���

mode returns to the SU mode), each STA can acquire a channel access right 

immediately without the waiting period becoming long. 

[0054] 

 The AP can set the access control parameter for each STA in accordance 

with a status of data transmission of each subordinate STA.  For example, the AP ���

may set the access control parameter for each STA so that the respective STAs have 

equal transmission opportunities. 

[0055] 

 Alternatively, the AP may set the access control parameters of the 

subordinate STAs in cooperation with the adjacent BSS.  For example, the AP may ���

set the access control parameter of each STA so that an STA whose interference 

wave has less affect on the adjacent BSS can preferentially acquire a transmission 

opportunity. 

[0056] 

 Further, in the method of the above-described (2), each STA sets a ���

parameter of the STA at the discretion of the STA in response to access control 

information of the AP.  Further, the STA which performs retransmission after the 

MU mode is finished sets the parameter of the STA in accordance with the access 

control parameter of the STA upon retransmission which is described by the AP in 

the trigger frame. ���

[0057] 
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 FIG. 4 schematically illustrates a configuration example of a wireless LAN 

system to which the technology disclosed in the present specification can be applied.  

The illustrated wireless LAN system includes one AP and a plurality of STAs among 

which connection is established, and it is assumed that the STA 1, the STA 2, the 

STA 3, … are all under the AP (or belong to a basic service set (BSS) of the AP).  ��

The AP and each STA have an OFDMA or MU-MIMO function, and are, so-called, 

communication apparatuses which can perform communication in the MU mode. 

[0058] 

 FIG. 5 illustrates a functional configuration example of the communication 

apparatus 500 which performs communication operation as the AP or the STA in the ���

wireless LAN system as illustrated in FIG. 4.  It should be understood that a basic 

configuration of the AP is similar to that of the STA. 

[0059] 

 The communication apparatus 500 includes a data processing unit 501, a 

control unit 502, a communication unit 503 and a power supply unit 504.  Further, ���

the communication unit 501 further includes a modulating/demodulating unit 511, a 

spatial signal processing unit 512, a channel estimating unit 513, a wireless interface 

(IF) unit 514, an amplifier unit 515 and an antenna 516.  However, one set of the 

wireless interface unit 514, the amplifier unit 515 and the antenna 516 may constitute 

one transmission/reception branch, and two or more transmission/reception branches ���

may constitute the communication unit 501.  Further, there is also a case where 

functions of the amplifier unit 515 are incorporated into the wireless interface unit 

514. 

[0060] 

 Upon transmission during which data is input from a protocol upper layer ���

(not illustrated), the data processing unit 501 generates a packet for wireless 

transmission from the data, performs processing such as addition of a header for 

media access control (MAC) and addition of an error detecting code, and provides 

the processed data to the modulating/demodulating unit 511.  Further, upon 

reception during which there is input from the modulating/demodulating unit 511, ���

the data processing unit 501 performs analysis of MAC Header, detection of a packet 
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error, re-order processing, or the like, and provides the processed data to a protocol 

upper layer of the data processing unit 201. 

[0061] 

 The control unit 502 transfers information among respective units within the 

communication apparatus 500.  Further, the control unit 502 performs setting of ��

parameters at the modulating/demodulating unit 511 and the spatial signal processing 

unit 512, and scheduling of packets at the data processing unit 501.  Still further, the 

control unit 502 performs setting of parameters of the wireless interface unit 514 and 

the amplifier unit 515, and transmission power control. 

[0062] ���

 In the case where the communication apparatus 500 operates as the AP, the 

control unit 502 controls switching of the communication mode (shifting to the MU 

mode) within the own BSS.  Further, in the present embodiment, the control unit 

502 controls each unit so as to transmit the trigger frame in which an appropriate 

parameter is described to the subordinate STAs upon switching to the MU mode.  ���

Particularly, in the present embodiment, the control unit 502 causes an access control 

parameter (such as a parameter for determining a transmission waiting period such as 

a CW and BO and a parameter regarding transmission priority, or the like,) after the 

MU mode of each STA which is a transmission destination is finished to be 

described or causes an access control parameter of the AP itself and the STA upon ���

retransmission to be described. 

[0063] 

 Further, in the case where the communication apparatus 500 operates as the 

STA, the control unit 502 controls each unit to perform uplink multiplex 

communication with other subordinate STAs of the AP in accordance with content ���

described in the trigger frame received from the AP.  Particularly, in the present 

embodiment, the control unit 502 sets a transmission waiting period (a CW and BO) 

after the MU mode is finished in accordance with the access control parameter 

described in the trigger frame, sets a different value from that of other subordinate 

STAs or sets a parameter such as a CW and BO upon data retransmission at the ���
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discretion of the control unit 502 on the basis of the content described in the trigger 

frame. 

[0064] 

 Upon transmission, the modulating/demodulating unit 511 performs 

processing of encoding, interleaving and modulation on input data from the data ��

processing unit 501 on the basis of a coding and modulation scheme set by the 

control unit 501, generates a data symbol stream and provides the data symbol 

stream to the spatial signal processing unit 512.  Further, upon reception, the 

modulating/demodulating unit 511 performs processing of demodulation, de-

interleaving and decoding which is inverse to the processing upon transmission, on ���

input from the spatial signal processing unit 512 on the basis of the coding and 

modulation scheme set by the control unit 501, and provides the data to the data 

processing unit 501 or the control unit 502. 

[0065] 

 Upon transmission, the spatial signal processing unit 512 performs signal ���

processing for space separation on the input from the modulating/demodulating unit 

511 as necessary and provides the obtained one or more transmission symbol streams 

to respective wireless interface units 514.  Meanwhile, upon reception, the spatial 

signal processing unit 512 performs signal processing on the received symbol 

streams input from the respective wireless interface units 514, performs space ���

separation of the streams as necessary and provides the results to the 

modulating/demodulating unit 511. 

[0066] 

 The channel estimating unit 513 calculates complex channel gain 

information of a propagation path from a preamble portion and a training signal ���

portion among input signals from the respective wireless interface units 514.  Then, 

the calculated complex channel gain information is utilized for demodulation 

processing at the modulating/demodulating unit 511 and spatial processing at the 

spatial signal processing unit 512 via the control unit 502, thereby enabling the MU 

mode. ���

[0067] 
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 Upon transmission, the wireless interface unit 514 converts input from the 

spatial signal processing unit 512 into an analog signal, performs filtering and up-

conversion to a carrier frequency and sends out the signal to the antenna 516 or the 

amplifier unit 515.  Meanwhile, upon reception, the wireless interface unit 514 

performs processing of down-conversion and conversion to a digital signal, which is ��

processing inverse to processing upon transmission, on input (received signal of the 

carrier frequency) from the antenna 516 or the amplifier unit 515, and provides the 

data to the spatial signal processing unit 512 and the channel estimating unit 513. 

[0068] 

 Upon transmission, the amplifier unit 515 amplifies the analog signal input ���

from the wireless interface unit 514 to predetermined power and sends out the signal 

to the antenna 516.  Further, upon reception, the amplifier unit 515 amplifies low 

noise of the received signal input from the antenna 516 to predetermined power and 

outputs the signal to the wireless interface unit 514.  There is a case where at least 

one of functions upon transmission or functions upon reception of the amplifier unit ���

515 is incorporated into the wireless interface unit 514. 

[0069] 

 The power supply unit 504 is constituted with a battery power supply or a 

fixed power supply such as a commercial power supply, and supplies power for drive 

to each unit within the communication apparatus 500. ���

[0070] 

 Note that, while the communication apparatus 500 can further include 

functional modules other than the illustrated modules, because the functional 

modules other than the illustrated modules are not directly related to the technology 

disclosed in the present specification, illustration and description will be omitted here. ���

[0071] 

 In the wireless LAN system, a method for setting a CW of each STA can be 

roughly divided into two methods of a method in which setting is made in 

accordance with a notification from the AP and a method in which setting is made at 

the discretion of the STA.  The same will also apply to a method for setting a BO.  ���

In the following description, description will be provided using Example 1 which 
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uses the method in which setting is made at the discretion of the AP and Example 2 

which uses the method in which setting is made at the discretion of the STA. 

[Example 1] 

[0072] 

 FIG. 6 illustrates operation procedure within the wireless LAN system in a ��

form of a flowchart, in the case where a CW for each STA is set in accordance with a 

notification from the AP. 

[0073] 

 In the wireless LAN, specifications for randomly accessing a channel are 

employed.  Therefore, the AP and each subordinate STA compete with each other ���

to perform transmission within the network (step S601). 

[0074] 

 Here, the AP has already acquired information of the STAs having an MU 

function at an early stage at which the AP is connected to each STA.  Therefore, the 

AP sets parameters for channel access (such as a CW and BO) to a plurality of STAs ���

having the MU function and creates a trigger frame in which these set parameters for 

channel access are described (step S602).  Then, the AP transmits the above-

described trigger frame in which the parameters for channel access are described to 

each STA for which uplink data transmission to the AP in the MU mode is allowed 

after acquiring a channel access right (step S603). ���

[0075] 

 The mode of each STA which receives the trigger frame is switched to the 

MU mode, and each STA starts transmission of the uplink data frame (UL MU 

PPDU) at the same time and completes the transmission at the same time in 

accordance with an instruction of the trigger frame (step S604). ���

[0076] 

 In response to this, the AP makes a notification of a reception result of the 

data frame transmitted from each STA (step S605).  The AP notifies each STA of 

this reception result by transmitting an M-BA frame (mentioned above) or 

transmitting a BA frame (not illustrated) to each STA through downlink multiplex ���

transmission or a plurality of times of single user transmission. 
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[0077] 

 Each STA sets a CW value described in the trigger frame received in step 

S603 after communication with the AP is completed, that is, after the MU mode is 

finished (step S606).  For example, the STA which receives a notification indicating 

that the AP fails in reception of the data frame transmitted in the MU mode can ��

shorten a waiting period or avoid collision with other STAs by performing access 

control of a channel using the CW value set in accordance with the description of the 

trigger frame upon returning to the SU mode. 

[0078] 

 The above-described method (1) is a method in which the AP sets at least ���

one parameter value of the CW or the BO of each STA after the MU mode is 

finished at the discretion of the AP.  The AP describes information to be used for 

setting a transmission waiting period at the STA side, such as a parameter value of 

the CW or the BO designated to each STA in the trigger frame, and transmits the 

trigger frame to each STA as a cue for uplink multiplex communication. ���

[0079] 

 FIG. 7 illustrates a configuration example of the trigger frame including 

description of the parameter value of the CW or the BO to be designated to each 

STA.  The trigger frame has a user information (User Info) filed for information for 

each STA (user) other than information common among the STAs which become ���

destinations.  In the frame configuration example illustrated in FIG. 7, the 

parameter values of the CW and the BO set for each STA at the discretion of the AP 

are described in the respectively corresponding User Info fields.  Further, in the 

illustrated example, while the both parameter values of the CW and the BO are 

included in the respective User Info fields, it is also possible to employ a ���

configuration where only one of the parameter values is included. 

[0080] 

 There are some possible methods for the AP to determine the parameter 

value of the CW or the BO of each STA.  For example, examples of the methods 

include a method in which the CW is set using the number of times of transmission ���

of each STA, a method in which the CW is set in accordance with priority of each 
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STA, a method in which the CW is set in accordance with an access category (AC), 

or the like. 

[0081] 

 The method for the AP to set the CW on the basis of the number of times of 

transmission of each STA will be described with reference to the communication ��

sequence example illustrated in FIG. 8.  However, in the drawing, each rectangle 

indicates a frame, an arrow indicates a direction of transmission (an upward arrow 

indicates an uplink, and a downward arrow indicates a downlink).  Further, a 

network configuration is assumed where three terminal stations STA 1, STA 2 and 

STA 3 perform communication operation under control of the AP, and it is assumed ���

that each STA has an uplink MU function.  Further, a CW value set for the i-th 

terminal STAi immediately after the n-th multi user transmission is expressed as 

CW_i_n.  The terminal STAi can calculate a transmission waiting period 

immediately after the n-th multi user transmission by multiplying CW_i_n by slot 

time (the same hereinafter). ���

[0082] 

 In the case where the AP acquires a channel access right, in the case where 

the AP performs reception through UL MU from the STA 1 and the STA 2, the AP 

describes the CW values CW_1_1 and CW_2_1 respectively set for the STA 1 and 

the STA 2 on the basis of an expected duration of UL MU in the first trigger frame ���

and transmits the first trigger frame.  Note that, while there is a case where 

corresponding values of BO Backoff_1_1 and Backoff_2_1 are set at the respective 

STAs, to simplify the description, this case will be omitted in the following 

description.  The AP sets different values as CW_1_1 and CW_2_1 respectively at 

the STA 1 and the STA 2 at the discretion of the AP.  Therefore, collision does not ���

occur by the STA 1 and the STA 2 transmitting frames at the same time after UL MU 

is finished. 

[0083] 

 The STA 1 and the STA 2 start transmission of uplink data frames (UL MU 

PPDU) at the same time and complete the transmission at the same time in ���

accordance with an instruction of the trigger frame.  Then, the AP transmits an M-
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BA frame to make a notification of a reception result of the data frame transmitted 

from each of the STA 1 and the STA 2.  It is assumed in the illustrated example that 

the data frames transmitted from the STA 1 and the STA 2 are both successfully 

received at the AP, and the AP transmits M-BA which makes a notification of the 

reception result to the STA 1 and the STA 2. ��

[0084] 

 Further, in the example illustrated in FIG. 8, it is expected that the AP 

further performs reception from the STA using the second UL MU.  Therefore, both 

the CW setting values CW_1_1 and CW_2_1 respectively for the STA 1 and the 

STA 2 described in the first trigger frame are set greater than a CW setting value ���

CW_AP_1 for the AP itself.  Conditions for the CW set for each of the AP, the STA 

1 and the STA 2 will be described below. 

[0085] 

CW_1_1 � CW_2_1 

CW_1_1, CW_2_1 > CW_AP_1 ���

[0086] 

 After the first UL MU transmission is finished, the AP and the STA 2 have 

a schedule for transmission within the network, and both start back off.  As 

described above, the CW value CW_2_1 set by the AP for the STA 2 and designated 

in the first trigger frame is greater than the CW value CW_AP_1 set for the AP itself.  ���

Therefore, after the first UL MU transmission is finished, there is a high possibility 

that the AP preferentially acquires a channel access right.  Therefore, the AP can 

continuously transmit the second trigger frame, so that it becomes easy to perform 

reception from the STA in the second UL MU.  In this event, the STA 2 interrupts 

the back off. ���

[0087] 

 Further, while the AP allows uplink data transmission for the STA 1 and the 

STA 3 in the second UL MU, because data transmission is not allowed for the STA 2, 

the AP describes the CW values CW_1_2 and CW_3_2 respectively set for the STA 

1 and the STA 3 on the basis of an expected duration of the second UL MU in the ���

second trigger frame and transmits the second trigger frame. 
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[0088] 

 The STA 1 and the STA 3 start transmission of the second uplink data 

frames (UL MU PPDU) at the same time and complete the transmission at the same 

time in accordance with an instruction of the second trigger frame.  In this event, 

the AP successfully receives the data frames from the STA 1 and the STA 3, and ��

transmits M-BA which makes a notification of reception results to the STA 1 and the 

STA 3. 

[0089] 

 After the second UL MU transmission is finished, because the STA 2 still 

has a schedule of transmission, the STA 2 restarts back off which is interrupted by ���

transmission of the second trigger frame from the AP.  Here, the CW of the STA 2 

is not reset upon returning to the SU mode.  Therefore, because the STA 2 restarts 

back off with the remaining value of CW_2_1 (that is, CW_2_1 - CW_AP_1) after 

the second UL MU transmission is finished, the STA 2 can immediately acquire a 

channel access right, so that the STA 2 can easily perform transmission in the SU ���

mode.  Then, in the case where the AP successfully receives the data frame (UL SU 

PPDU) from the STA 2, the AP transmits S-BA which makes a notification of the 

reception result to the STA 2. 

[0090] 

 Meanwhile, in the case where the STA 1 acquires more UL MU ���

transmission rights than STA 2 and the STA 3 at a time point at which the first UL 

MU mode is finished, by transmission priority of the STA 1 being lowered, fairness 

of the system is improved.  For example, by CW_1_2 of the STA 1 being made 

greater than CW_3_2 of the STA 3 in the second trigger frame in accordance with 

the following conditions, it is possible to lower transmission priority of the STA 1 (or ���

increase transmission priority of the STA 3) by shortening a transmission waiting 

period of the STA 3 at a time point at which the second UL MU mode is finished.  

Further, by CW_1_2 of the STA 1 being set greater than a CW value (CW_2_1 - 

CW_AP_1) corresponding to the remaining transmission waiting period of the STA 

2, it is possible to lower transmission priority of the STA 1 (or increase transmission ���

priority of the STA 2) by making the transmission waiting period of the STA 2 which 
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restarts back off shorter than the transmission waiting period of the STA 1 at a time 

point at which the second UL MU mode is finished. 

[0091] 

CW_1_2 > CW_3_2 

CW_1_2 > CW_2_1 - CW_AP_1 ��

[0092] 

 By the above-described setting conditions of the CW value of each STA, an 

effect is provided that it is possible to secure transmission priority of the STA 2 and 

the STA 3 which have a smaller number of times of transmission by postponing 

transmission start time of the STA 1 after the second MU mode is finished. ���

[0093] 

 Subsequently, a method for the AP to set a CW through retransmission will 

be described with reference to the communication sequence diagram illustrated in 

FIG. 9.  However, in the drawing, each rectangle indicates a frame, and an arrow 

indicates a direction of transmission (an upward arrow indicates an uplink, and a ���

downward arrow indicates a downlink).  Further, a network configuration is 

assumed where three terminal stations STA 1, STA 2 and STA 3 perform 

communication operation under control of the AP, and it is assumed that each STA 

has an uplink MU function. 

[0094] ���

 If the AP acquires a channel access right, in the case where the AP performs 

reception through UL MU from the STA 1 and the STA 2, the AP describes the CW 

values CW_1_1 and CW_2_1 respectively set at the STA 1 and the STA 2 in the first 

trigger frame and transmits the first trigger frame. 

[0095] ���

 Here, in the case where it is expected that the AP further performs reception 

from the STA through the second UL MU, in a similar manner to the communication 

sequence example illustrated in FIG. 8, both the CW setting values CW_1_1 and 

CW_2_1 for the respective STA 1 and the STA 2 described in the first trigger frame 

may be set greater than the CW setting value CW_AP_1 of the AP itself. ���

[0096] 
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 The STA 1 and the STA 2 start transmission of the first uplink data frames 

(UL MU PPDU) at the same time and complete the transmission at the same time in 

accordance with an instruction in the trigger frame.  In this event, while the AP 

successfully receives the data frame from the STA 1, the AP fails in reception of the 

data frame from the STA 2.  Therefore, the AP encourages the STA 2 to retransmit ��

the data by excluding BA addressed to the STA 2 in M-BA which makes a 

notification of the reception result. 

[0097] 

 After the first UL MU transmission is finished, the AP starts back off to 

further perform reception from the STA through the second UL MU.  Further, the ���

STA 2 starts back off to retransmit the data frame which has failed to be received at 

the AP.  In the case where the CW value CW_2_1 set by the AP for the STA 2 and 

indicated in the first trigger frame is greater than the CW value CW_AP_1 set for the 

AP itself, the AP preferentially acquires a channel access right and continuously 

transmits the second trigger frame.  In this event, the STA 2 interrupts the back off. ���

[0098] 

 Further, while the AP allows uplink data transmission for the STA 1 and the 

STA 3 in the second UL MU, because data transmission is not allowed for the STA 2, 

the AP describes the CW values CW_1_2 and CW_3_2 respectively set for the STA 

1 and the STA 3 on the basis of an expected duration of the second UL MU in the ���

second trigger frame and transmits the second trigger frame. 

[0099] 

 The STA 1 and the STA 3 start transmission of the second uplink data 

frames (UL MU PPDU) at the same time and complete the transmission at the same 

time in accordance with an instruction of the second trigger frame.  In this event, ���

the AP successfully receives the data frames from the STA 1 and the STA 3, and 

transmits M-BA which makes a notification of reception results to the STA 1 and the 

STA 3.  Meanwhile, because transmission by the STA 2 is not allowed in the 

second trigger frame, the STA 2 cannot retransmit the data which has failed to be 

received at the AP, through the second UL MU. ���

[0100] 
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 After the second UL MU transmission is finished, because the STA 2 has a 

schedule of retransmitting the data to the AP, the STA 2 restarts back off for data 

retransmission through the second trigger frame transmission from the AP.  Here, 

retransmission by the STA 2 is made to be preferentially performed after the second 

UL MU mode is finished. ��

[0101] 

 For example, by CW_1_2 of the STA 1 being set greater than the CW value 

(CW_2_1 - CW_AP_1) corresponding to the remaining transmission waiting period 

of the STA 2 and CW_3_2 of the STA 3 being set greater than the CW value 

(CW_2_1 -CW_AP_1) corresponding to the remaining transmission waiting period ���

of the STA 2 in the second trigger frame in accordance with the following conditions, 

it is possible to increase priority of retransmission by the STA 2 by making the 

transmission waiting period of the STA 2 which restarts back off at a time point at 

which the second UL MU mode is finished shorter than the transmission waiting 

periods of the STA 1 and the STA 3. ���

[0102] 

CW_1_2 > CW_2_1 - CW_AP_1 

CW_3_2 > CW_2_1 - CW_AP_1 

[0103] 

 According to the above-described setting conditions of the CW value of ���

each STA, by the transmission waiting periods of the STA 1 and the STA 3 being set 

longer, even if at least one of the STA 1 or the STA 3 starts back off after the second 

MU mode is finished, an effect is provided that the STA 2 can preferentially perform 

retransmission. 

[0104] ���

 That is, because the STA 2 restarts back off with the remaining value of 

CW_2_1 (CW_2_1 - CW_AP_1) without resetting the CW value upon returning to 

the SU mode, the STA 2 can acquire a channel access right immediately, so that the 

STA 2 can easily perform data retransmission.  Then, if the AP successfully 

receives the data frame (UL SU PPDU) from the STA 2, the AP transmits S-BA ���

which makes a notification of a reception result to the STA 2. 



�

26 

[0105] 

 Subsequently, a method for the AP to set the CW in accordance with an AC 

level will be described. 

[0106] 

 For example, in enhanced distributed channel access (EDCA) specified in ��

IEEE 802.11e standards which are directed to providing a quality of service (QoS) 

function, a mechanism is employed where packets are classified into four ACs, 

stored in respective queues and transmitted in accordance with priority for each AC.  

Four ACs described here are AC_VO (Voice), AC_VI (Video), AC_BE (Best Effort) 

and AC_BK (Background), and priority of each AC is as indicated in FIG. 10. ���

[0107] 

 To maximize the effect of MU, it is considered desirable that the AP allows 

data transmission by the STAs having the same AC at the same time in the UL MU 

mode.  To realize this, a favorable AC level is described in a Common Info field 

(see FIG. 7) of the trigger frame transmitted from the AP, and, in response to this, a ���

signal which best meets the AC level is transmitted at the STA side which is allowed 

to perform transmission.  The STA transmits a packet having priority which is the 

same as or higher than the AC level designated in the trigger frame in the UL MU 

mode in the case where transmission is allowed in the trigger frame. 

[0108] ���

 In this method, the AP sets CWs to a plurality of STAs in accordance with 

the respective AC levels.  A method to set a CW in accordance with the AC level 

will be described with reference to the communication sequence diagram illustrated 

in FIG. 11.  However, in the drawing, each rectangle indicates a frame, and an 

arrow indicates a direction of transmission (an upward arrow indicates an uplink, and ���

a downward arrow indicates a downlink).  Further, a network configuration is 

assumed where three terminal stations STA 1, STA 2 and STA 3 perform 

communication operation under control of the AP, and it is assumed that each STA 

has an uplink MU function. 

[0109] ���
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 In the case where the AP acquires a channel access right, the AP describes a 

favorable AC level in the Common Info field of the first trigger frame, describes the 

CW values set on the basis of priority of the AC (se FIG. 10) for the STA 1 and the 

STA 2 which are allowed to perform transmission in the respective User Info fields, 

and performs transmission.  Basically, a smaller CW value is set for the AC with ��

higher priority.  Here, because the AC levels of the STA 1 and the STA 2 are lower, 

transmission is performed while greater CW values CW_1_1 and CW_2_1 are set 

and described in the first trigger frame. 

[0110] 

 The STA 1 and the STA 2 start transmission of packets having priority ���

which is the same as or higher than the AC level designated in the trigger frame at 

the same time and complete the transmission at the same time.  In this event, the AP 

successfully receives data frames from the STA 1 and the STA 2 and transmits M-

BA which makes a notification of reception results to the STA 1 and the STA 2. 

[0111] ���

 After the first UL MU transmission is finished, the AP starts back off to 

further perform reception from the STA through the second UL MU, and if the AP 

acquires a channel access right, the AP continuously transmits the second trigger 

frame.  Here, the AP sets a higher AC level than that in the previous MU mode, sets 

smaller CW values CW_1_2 and CW_3_2 for the STA 1 and the STA 3 for which ���

transmission is allowed in accordance with the AC levels, and transmits the second 

trigger frame in which these kinds of information are described.  For example, the 

AP sets CW_1_2 of the STA 1 smaller than the CW values (CW_1_1 - CW_AP_1 

and CW_2_1 - CW_AP_1) corresponding to remaining periods of the transmission 

waiting periods respectively set by the STA 1 and the STA 2 in accordance with the ���

first trigger frame with low priority, and sets CW_3_2 of the STA 3 smaller than the 

CW values (CW_1_1 - CW_AP_1 and CW_2_1 -CW_AP_1) corresponding to the 

remaining transmission periods in a similar manner, in the second trigger frame in 

which the AC level with high priority is designated, in accordance with the following 

conditions. ���

[0112] 
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CW_1_2 > CW_1_1 - CW_AP_1, CW_2_1 - CW_AP_1 

CW_3_2 > CW_1_1 - CW_AP_1, CW_2_1 - CW_AP_1 

[0113] 

 Further, because the STA 1 has already been able to perform second data 

transmission, in terms of fairness of the system (mentioned above), CW_3_2 is set at ��

a smaller value than CW_1_2 to lower priority of the STA 1 in accordance with the 

number of times of transmission. 

[0114] 

CW_3_2 < CW_1_2 

[0115] ���

 The STA 1 and the STA 3 start transmission of the second uplink data 

frames (UL MU PPDU) at the same time and complete the transmission at the same 

time in accordance with an instruction of the second trigger frame.  In this event, 

the AP successfully receives the data frames from the STA 1 and the STA 3, and 

transmits M-BA which makes a notification of reception results to the STA 1 and the ���

STA 3. 

[0116] 

 After the second UL MU transmission is finished, because the STA 3 still 

has a schedule of transmission, the STA 3 starts back off using a CW setting value 

(CW_3_2) described in the second trigger frame.  As mentioned above, CW_3_2 is ���

smaller than any of the CW values (CW_1_1 - CW_AP_1 and CW_2_1 - 

CW_AP_1) corresponding to the remaining periods of the back off periods set by the 

STA 1 and the STA 2 after the first UL MU transmission, and is smaller than 

CW_1_2 designated in the second trigger frame for the STA 1.  Therefore, the STA 

3 which has a high AC level and which has performed UL MU transmission easily ���

acquires a transmission opportunity. 

[0117] 

 Then, the STA 3 transmits a data frame (UL SU PPDU) to the AP in the SU 

mode in the case where the STA 3 can acquire a channel access right.  Then, in the 

case where the AP successfully receives the data frame from the STA 3, the AP ���

transmits S-BA which makes a notification of a reception result to the STA 3. 
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[0118] 

 While the three methods in which the CW is set at the discretion of the AP 

have been described above, in actual operation, it is sufficient if the AP 

comprehensively performs judgement to control a value of the CW or the BO of each 

STA using these three methods at the same time. ��

[0119] 

 FIG. 12 illustrates processing procedure in a form of a flowchart, for the AP 

to transmit the trigger frame in the present example.  The illustrated processing 

procedure is basically performed mainly by the control unit 502 in the case where the 

communication apparatus 500 illustrated in FIG. 5 operates as the AP. ���

[0120] 

 The AP first determines a transmission destination of the trigger frame, that 

is, an STA which is allowed to perform uplink data transmission to the AP itself in 

the next MU mode (step S1201). 

[0121] ���

 Then, the AP sets the number of times of transmission in the UL MU mode.  

In this event, in the case where it is expected that the AP continuously performs UL 

MU communication, the AP sets a CW value greater than the CW value of the AP 

itself for each STA (step S1202). 

[0122] ���

 Then, the AP increments by one the number of times of transmission in the 

UL MU mode of each STA which is allowed to perform transmission (step S1203). 

[0123] 

 Then, the AP sets a CW value for each STA which is allowed to perform 

transmission in step S1201 in accordance with the number of times of transmission ���

(step S1204).  Specifically, the AP sets a smaller CW value for the STA whose 

number of times of transmission is smaller (mentioned above). 

[0124] 

 Further, the AP adjusts the CW value set for each STA in accordance with 

the AC level described in the trigger frame (step S1205). ���

[0125] 
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 Then, the AP checks whether each STA which becomes a transmission 

destination of the trigger frame exists in a retransmission list (step S1206).  Then, in 

the case where an STA which is a transmission destination exists in the 

retransmission list (step S1206: Yes), the AP reduces the CW value of the STA (step 

S1207).  Alternatively, in step S1207, processing may be replaced with processing ��

of increasing a CW value of an STA which does not exist in the retransmission list 

(that is, which does not perform retransmission). 

[0126] 

 Then, the AP describes the CW values of the respective STAs set as 

described above in the respective corresponding User Info fields in the trigger frame ���

(step S1208) and finishes the present processing routine. 

[Example 2] 

[0127] 

 In the method in which the CW or the BO is set at the discretion of the STA, 

upon setting other than upon retransmission, instead of the setting value of the CW or ���

the BO of each STA being designated from the AP, the STA sets a parameter value 

of the CW, the BO, or the like, on the basis of the information described in the 

trigger frame received from the AP in addition to at the discretion of the STA. 

[0128] 

 FIG. 13 illustrates a configuration example of the trigger frame used in this ���

method.  In the illustrated trigger frame, a field called a Control Parameters field is 

added.  The Control Parameters field includes Trigger CW Parameter, Backoff 

Parameter, and Retry Parameter. 

[0129] 

 Among these, Trigger CW Parameter and Backoff Parameter respectively ���

describe values of the CW and the BO in the case where the AP transmits the next 

trigger frame.  The subordinate STA which receives the trigger frame, for example, 

sets a CW value which is greater than the CW value of the AP at the discretion of the 

STA so as to prevent interruption in a trigger frame which the AP tries to transmit 

next. ���

[0130] 
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 Further, Retry Paremeter is a CW setting value for only the STA which 

performs retransmission, and controls the CW value in the case where the STA 

which receives the trigger frame performs retransmission.  The AP sets Retry 

Parameter in accordance with the priority.  For example, the AP determines the CW 

value upon retransmission by the STA in accordance with the AC level.  By smaller ��

Retry Parameter being described in a trigger frame in which an AC level with higher 

priority is described, the STA whose priority of the AC is higher can perform 

transmission first in the case where a plurality of STAs performs retransmission. 

[0131] 

 Note that, in the case where the AP does not perform UL MU for a while ���

after the AP finishes UL MU communication of this time, the subordinate STA may 

be notified by, for example, a certain value (for example, 0) being described in 

Trigger CW Parameter and Backoff Parameter.  The STA which receives such a 

trigger frame only has to perform back off using a predetermined method. 

[0132] ���

 In the case where it is expected that the AP further performs reception from 

the STA through the second UL MU, the AP can make a notification of a waiting 

period until the AP transmits the next trigger frame through description of Trigger 

CW Parameter or Backoff Parameter within the trigger frame.  In response to this, 

the STA side sets a longer waiting period for the STA than the waiting period for the ���

AP notified in the trigger frame.  By this means, the STA cannot interrupt the AP 

immediately after the UL MU communication is finished, so that the AP can easily 

and continuously start UL MU communication. 

[0133] 

 A method for the STA to receive the trigger frame illustrated in FIG. 13 ���

from the AP and set the CW at the discretion of the STA will be described with 

reference to the communication sequence diagram illustrated in FIG. 14.  However, 

in the drawing, each rectangle indicates a frame, and an arrow indicates a direction of 

transmission (an upward arrow indicates an uplink, and a downward arrow indicates 

a downlink).  Further, a network configuration is assumed where three terminal ���
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stations STA 1, STA 2 and STA 3 perform communication operation under control 

of the AP, and it is assumed that each STA has an uplink MU function. 

[0134] 

 In the case where the AP acquires a channel access right, the AP transmits 

the first trigger frame which allows transmission to the STA 1 and the STA 2.  In ��

this event, in the case where it is expected that the AP further performs reception 

from the STA through UL MU, the AP describes Trigger CW parameter or Backoff 

Parameter within a Control Parameter field within the trigger frame to notify each 

subordinate STA of a waiting period (CW_AP_1) until the AP itself transmits the 

next trigger frame after the first UL MU communication. ���

[0135] 

 Further, the AP can control the CW value in the case where the STA which 

receives the trigger frame performs retransmission by describing a CW setting value 

only for the STA which performs retransmission in Retry Parameter within the 

Control Parameter field within the trigger frame. ���

[0136] 

 The STA 1 and the STA 2 start transmission of the first uplink data frames 

(UL MU PPDU) at the same time and complete the transmission at the same time in 

accordance with an instruction of the first trigger frame.  In this event, while the AP 

successfully receives the data frame from the STA 1, the AP fails in reception of the ���

data frame from the STA 2.  Therefore, the AP encourages the STA 2 to retransmit 

the data by excluding BA addressed to the STA 2 in M-BA which makes a 

notification of the reception result. 

[0137] 

 After the first UL MU transmission is finished, the AP starts back off to ���

further perform reception from the STA through the second UL MU.  Further, the 

STA 2 starts back off to retransmit the data frame which has failed to be received at 

the AP. 

[0138] 

 In this event, the STA 2 sets the CW value of the STA 2 greater than the ���

CW value of the AP (CW_AP_1) notified through Trigger CW Parameter or Backoff 
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Parameter within the first trigger frame at the discretion of the STA 2 itself.  

Therefore, the AP can preferentially acquire a channel access right, and the AP 

continuously transmits the second trigger frame. 

[0139] 

 Alternatively, in the case where the CW value only for retransmission is ��

described in the Retry Parameter field of the first trigger frame, the STA 2 sets a 

transmission waiting period based on this CW value and starts back off for 

retransmission of the data frame which has failed to be received at the AP in the first 

UL MU transmission.  In the case where it is expected that UL MU transmission is 

continuously performed, the AP describes a CW value greater than the CW value ���

(CW_AP_1) set for the AP in the Retry Parameter field.  Therefore, if the STA 2 

sets the transmission waiting period for data retransmission in accordance with 

description in the Retry Parameter field, the AP can preferentially acquire a channel 

access right, and continuously transmits the second trigger frame. 

[0140] ���

 Note that the AP can determine a CW setting value only for retransmission 

in accordance with the AC level.  For example, in the first trigger frame, the AC 

level with higher priority is described, and a smaller CW value is described in Retry 

Paremeter as priority is higher, while, in the second trigger frame, an AC level with 

lower priority is described, and a greater CW value is described in Retry Paremeter ���

as priority is lower.  By this means, the STA 2 which performs retransmission of 

data which has failed to be received at the AP in the first UL MU transmission can 

retransmit the data with a higher AC level first by a shorter transmission waiting 

period being set for the STA 2 than the STA which has failed in the second UL MU 

transmission. ���

[0141] 

 Referring to FIG. 14 again, description will be continued.  While the AP 

allows uplink data transmission to the STA 1 and the STA 3 in the second trigger 

frame, the AP does not allow data transmission to the STA 2. 

[0142] ���
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 The STA 1 and the STA 3 start transmission of the second uplink data 

frames (UL MU PPDU) at the same time and complete the transmission at the same 

time in accordance with an instruction of the second trigger frame.  In this event, 

the AP successfully receives the data frames from the STA 1 and the STA 3, and 

transmits M-BA which makes a notification of reception results to the STA 1 and the ��

STA 3.  Meanwhile, the STA 2 cannot retransmit the data which has failed to be 

received at the AP, through the second UL MU. 

[0143] 

 After the second UL MU transmission is finished, because the STA 2 has a 

schedule of retransmitting the data to the AP, the STA 2 restarts back off.  Here, ���

because the STA 2 restarts back off with the remaining value of CW without 

resetting the CW setting value upon returning to the SU mode, the STA 2 can acquire 

a channel access right immediately, so that the STA 2 can easily perform data 

retransmission.  Then, if the AP successfully receives the data frame (UL SU 

PPDU) from the STA 2, the AP transmits S-BA which makes a notification of a ���

reception result to the STA 2. 

[0144] 

 Note that this method can be also realized by the AP informing inside the 

BSS of the values of the CW and the BO in the case where the AP transmits the next 

trigger frame by describing the values in a beacon frame instead of in the trigger ���

frame. 

[0145] 

 The following effects can be expected by the technology disclosed in the 

present specification being applied to the wireless LAN system supporting the MU 

mode. ���

[0146] 

(1) It is possible to prevent collision immediately after the MU mode is finished by 

channel access operation of each STA after the MU mode is finished being 

controlled through the trigger frame to be transmitted from the AP. 

(2) As a result of the CW in the case where the AP transmits the trigger frame being ���

set smaller than the CW of the STA or by the CW of the STA after the MU mode is 
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finished being set greater, it is possible to cause communication in the MU mode to 

be preferentially performed than in the SU mode by enabling the trigger frame to be 

preferentially transmitted from the AP. 

(3) Because the CW of each STA is not reset in the case where the mode is switched 

from the MU mode to the SU mode, the STA can shorten a waiting period until ��

transmission since the MU mode has been finished, so that communication efficiency 

is improved. 

(4) By the CW being set in accordance with priority of the STA, it is possible to 

improve overall efficiency of the system. 

 ���

Industrial Applicability 

[0147] 

 The technology disclosed in the present specification has been described in 

detail above with reference to the specific embodiment.  However, it will be 

obvious to those skilled in the art that modification and replacement of the ���

embodiment can be made without departing from the scope of the technology 

disclosed in the present specification. 

[0148] 

 While, in the present specification, the embodiment to which the technology 

disclosed in the present specification is applied to a wireless LAN network to which ���

IEEE 802.11ax standards are applied has been mainly described, gist of the 

technology disclosed in the present specification is not limited to this.  The 

technology disclosed in the present specification can be also applied in a similar 

manner to various communication systems in which uplink multi user transmission is 

performed or one or more terminals operate under the control of an access point. ���

[0149] 

 In short, the technology disclosed in the present specification has been 

described in an illustrative form, and the description of the present specification 

should not be interpreted in a limited manner.  The claims should be taken into 

account to judge the gist of the technology disclosed in the present specification. ���

[0150] 
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 Additionally, the present technology may also be configured as below. 

(1) 

 A communication apparatus that transmits a frame in which information 

regarding a transmission waiting period of another terminal is described. 

(2) ��

 The communication apparatus according to (1), 

 in which the communication apparatus operates as an access point, and 

describes in the frame which notifies a subordinate terminal of allowance of multi 

user transmission, the information designating a transmission waiting period of the 

terminal after the multi user transmission is finished. ���

(3) 

 The communication apparatus according to (2), 

 in which the communication apparatus transmits the frame in which the 

information designating to each terminal a transmission waiting period longer than a 

transmission waiting period in a case where the communication apparatus performs ���

multi user transmission after the multi user transmission is finished, is described. 

(4) 

 The communication apparatus according to any of (2) or (3), 

 in which the communication apparatus transmits the frame in which the 

information designating a transmission waiting period different for each terminal is ���

described. 

(5) 

 The communication apparatus according to any of (2) to (4), 

 in which the communication apparatus transmits the frame in which the 

information designating a transmission waiting period in accordance with the number ���

of times of transmission of the terminal is described. 

(6) 

 The communication apparatus according to (5), 

 in which the communication apparatus transmits the frame in which the 

information designating a transmission waiting period such that a terminal whose ���
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number of times of transmission is smaller has a shorter transmission waiting period 

than a terminal whose number of times of transmission is larger, is described. 

(7) 

 The communication apparatus according to (5), 

 in which the communication apparatus transmits the frame in which the ��

information designating a shorter transmission waiting period for a terminal which 

performs data retransmission than a transmission waiting period of another terminal, 

is described. 

(8) 

 The communication apparatus according to any of (2) to (7), ���

 in which the communication apparatus transmits the frame in which the 

information designating a longer transmission waiting period for the terminal which 

is allowed to perform multi user transmission, than a remaining transmission waiting 

period of a terminal which performs data retransmission, is described. 

(9) ���

 The communication apparatus according to any of (2) to (8), 

 in which the communication apparatus transmits the frame in which a 

category favorable for the multi user transmission and the information designating a 

transmission waiting period for the terminal after the multi user transmission is 

finished, are described. ���

(10) 

 The communication apparatus according to (9), 

 in which the communication apparatus transmits the frame in which the 

information designating a transmission waiting period for the terminal in accordance 

with the category is described. ���

(11) 

 The communication apparatus according to any of (9) or (10), 

 in which, in the frame in which a category with higher priority is designated, 

the information designating a transmission waiting period shorter than a remaining 

period of a transmission waiting period set in a case where a category with lower ���

priority is designated, is described. 
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(12) 

 A communication method including: 

 a step of transmitting a frame in which information regarding a transmission 

waiting period of another terminal is described. 

(13) ��

 A communication apparatus that sets, on the basis of information regarding 

a transmission waiting period of the communication apparatus described in a 

received frame, a transmission waiting period after communication processing 

relating to the received frame is performed. 

(14) ���

 A communication apparatus that transmits a frame in which information 

regarding a transmission waiting period of the communication apparatus upon next 

frame transmission is described. 

(15) 

 The communication apparatus according to (14), ���

 in which the communication apparatus operates as an access point, and 

describes the information regarding the transmission waiting period of the 

communication apparatus upon the next frame transmission in the frame which 

notifies a subordinate terminal of allowance of multi user transmission. 

(16) ���

 The communication apparatus according to (15), 

 in which the communication apparatus describes a predetermined value as 

the information in a case where a next frame is not transmitted for a while after the 

frame is transmitted. 

(17) ���

 The communication apparatus according to any of (15) or (16), 

 in which the communication apparatus further describes in the frame, 

information regarding a transmission waiting period upon retransmission of a frame 

transmitted by the terminal through the multi user transmission. 

(18) ���

 The communication apparatus according to (17), 
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 in which the communication apparatus transmits the frame in which a 

category favorable for multi user transmission and the information regarding a 

transmission waiting period upon retransmission in accordance with the category are 

described. 

(19) ��

 A communication method including: 

 a step of transmitting a frame in which information regarding a transmission 

waiting period of an own communication apparatus upon next frame transmission is 

described. 

(20) ���

 A communication apparatus that sets, on the basis of information regarding 

a transmission waiting period upon next frame transmission by a transmission source 

of a frame described in the received frame, a transmission waiting period of the 

communication apparatus after communication processing relating to the received 

frame is performed. ���

 

Reference Signs List 

[0151] 

500 communication apparatus 

501 data processing unit ���

502 control unit 

503 communication unit 

504 power supply unit 

511 modulating/demodulating unit 

512 spatial signal processing unit ���

513 channel estimating unit 

514 wireless interface unit 

515 amplifier unit 

516 antenna 

  ���
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CLAIMS 

 

1. A communication apparatus (AP) configured to  

transmit a frame in which information regarding a transmission waiting period of 

another terminal is described,  

operate as an access point, and  

describe in the frame which notifies a subordinate terminal of allowance of multi 

user transmission, the information designating a transmission waiting period of the terminal 

after the multi user transmission is finished, 

wherein the communication apparatus is configured to transmit the frame in which the 

information designating a transmission waiting period in accordance with a number of times of 

transmission of the terminal is described. 

 

2. The communication apparatus according to claim 1, 

 wherein the communication apparatus is configured to transmit the frame in which  

information designating to each terminal a transmission waiting period longer than a 

transmission waiting period in a case where the communication apparatus performs multi user 

transmission after the multi user transmission is finished is described. 

 

3. The communication apparatus according to claim 1 or 2, 

 wherein the communication apparatus is configured to transmit the frame in which 

the information designating a transmission waiting period different for each terminal is 

described. 

 

4. The communication apparatus according to claim 1, 

 wherein the communication apparatus is configured to transmit the frame in which 

the information designating a transmission waiting period such that a terminal whose number 

of times of transmission is smaller has a shorter transmission waiting period than a terminal 

whose number of times of transmission is larger is described. 

 

5. The communication apparatus according to claim 1, 

 wherein the communication apparatus is configured to transmit the frame in which 

the information designating a shorter transmission waiting period for a terminal which 
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performs data retransmission than a transmission waiting period of another terminal, is 

described. 

 

6. The communication apparatus according to any one of the preceding claims, 

 wherein the communication apparatus is configured to transmit the frame in which 

the information designating a longer transmission waiting period for the terminal which is 

allowed to perform multi user transmission, than a remaining transmission waiting period of a 

terminal which performs data retransmission is described. 

 

7. The communication apparatus according to any one of the preceding claims, 

 wherein the communication apparatus is configured to transmit the frame in which a 

category favorable for the multi user transmission and the information designating a 

transmission waiting period for the terminal after the multi user transmission is finished are 

described. 

 

8. The communication apparatus according to claim 7, 

 wherein the communication apparatus is configured to transmit the frame in which 

the information designating a transmission waiting period for the terminal in accordance with 

the category is described. 

 

9. The communication apparatus according to any one of the preceding claims, 

 wherein, in the frame in which a category with higher priority is designated, the 

information designating a transmission waiting period shorter than a remaining period of a 

transmission waiting period set in a case where a category with lower priority is designated is 

described. 

 

10. The communication apparatus according to any one of the preceding claims, wherein 

the communication apparatus is configured  to transmit a frame in which information 

regarding a transmission waiting period of the communication apparatus upon next frame 

transmission is described. 
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11. The communication apparatus according to claim 10, 

 wherein the communication apparatus is configured to operate as an access point, 

and to describe the information regarding the transmission waiting period of the 

communication apparatus upon the next frame transmission in the frame which notifies a 

subordinate terminal of allowance of multi user transmission. 

 

12. The communication apparatus according to claim 11, 

 wherein the communication apparatus is configured to describe a predetermined 

value as the information in a case where a next frame is not transmitted for a while after the 

frame is transmitted. 

 

13. The communication apparatus according to claim 11, 

 wherein the communication apparatus is further is configured to describes in the 

frame, information regarding a transmission waiting period upon retransmission of a frame 

transmitted by the terminal through the multi user transmission. 

 

14. The communication apparatus according to claim 13, 

 wherein the communication apparatus is configured to transmit the frame in which a 

category favorable for multi user transmission and the information regarding a transmission 

waiting period upon retransmission in accordance with the category are described. 

 

15. A communication method comprising the steps of: 

 transmitting a frame in which information regarding a transmission waiting period of 

another terminal is described,  

operating as an access point, and  

describing in the frame which notifies a subordinate terminal of allowance of multi 

user transmission, the information designating a transmission waiting period of the terminal 

after the multi user transmission is finished, 

wherein, in transmitting the frame, information designating a transmission waiting 

period in accordance with a number of times of transmission of the terminal is described. 

 

16. A communication apparatus (STA) configured to set, on a basis of information 

regarding a transmission waiting period of the communication apparatus described in a 
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received frame, a transmission waiting period after communication processing relating to the 

received frame is performed, 

wherein the communication apparatus is configured to set the transmission waiting 

period in accordance with a number of times of transmission of the communication apparatus. 

 

17. The communication apparatus according to claim 16, wherein the communication 

apparatus is configured to  set, on a basis of information regarding a transmission waiting 

period upon next frame transmission by a transmission source of a frame described in the 

received frame, a transmission waiting period of the communication apparatus after 

communication processing relating to the received frame is performed. 

 

18. A communication method comprising the steps of: 

setting, on a basis of information regarding a transmission waiting period of the 

communication apparatus described in a received frame, a transmission waiting period after 

communication processing relating to the received frame is performed, 

wherein the transmission waiting period is set in accordance with a number of times of 

transmission of the communication apparatus. 

 


