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STA' 1 STA 2
FIG. la
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Media access | Physical layer
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FIG. 1b
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i Physical layer
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First time source

3/21

Y

\4

o |

SU PPDU ‘

mMU-RTS: modified multi-user request to send

PPDU: physical layer protocol data unit
SU PPDU: single-user physical layer protocol data unit

mMU-
AP RTS
]
STA 1 : CTS |
| I
AP: access point
STA: station
CTS: clear to send
BA: block acknowledgment
mMU-
AP RTS
I
STA 1 | CT :
I
STA 2

AP: access point

STA: station
mMU-RTS: modified multi-user request to send
CTS: clear to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit
BA: block acknowledgment

Transmission opportunity (TXOP)

First time source

SU PPDU

FIG. 2b

PPDU

\ 4

PPDU

< Remaining duration »;

(o

FIG. 2¢
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First device

S101: First frame

A

Second device

S102: Recover permission to use a
transmission opportunity TXOP
based on the first frame

FIG. 3
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A

Transmission opportunity (TXOP)

<«— Single-user service period (SU SP) ————

\4

mMU-
AP RTS BA ‘ PPDU ‘
2 Last SIFS SIFS
STAL 5 SU PPDU
AP: access point
STA: station
mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit
SU PPDU: single-user physical layer protocol data unit
SIFS: short inter-frame space
BA: block acknowledgment
CAS: command and status
FIG. 5
< Transmission opportunity (TXOP) >
<«— Single-user service period (SU SP) ———
mMU-
AP RTS PPDU
SIFS
STA 1 Last SU PPDU 2 QoS Null
O Data
STA 2 BA

AP: access point

STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit
SIFS: short inter-frame space

BA: block acknowledgment

CAS: command and status

QoS Null Data: quality of service null data

FIG. 6
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Frame control Duration Receiver address Tr:g;?;g:er Frsa‘:;je(;l;eeck
(Frame Control) (Duration) (RA) (TA) (FCS)
Protocol version B B

Type =01 Subtype = 1111
(Protocol (Type) (Subtype)
Version) yp P
FIG. 8
< Transmission opportunity (TXOP) >
<«— Single-user service period (SU SP) ———
mMU-
AP RTS BA ‘ PPDU
SU
STA 1
SU PPDU ‘ END
tl t2

AP: access point

STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit

SIFS: short inter-frame space
BA: block acknowledgment
SU END: single-user end

FIG. 9
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Transmission opportunity (TXOP)

<«— Single-user service period (SU SP) ———

\ 4

mMU-
AP RTS PPDU
—o
SIFS
SU

STA 1 .

| SU PPDU END

—
SIFS SIFS
STA 2 BA
tl t2

AP: access point
STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit

SIFS: short inter-frame space
BA: block acknowledgment
SU END: single-user end

FIG. 10
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A

mMU-
RTS BA

SU PPDU

AP: access point t

STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit
SIFS: short inter-frame space

BA: block acknowledgment

SU END: single-user end

FIG. 13

Transmission opportunity (TXOP)

<4— Single-user service period (SU SP) ——V

SU
END

t2

PPDU

Allow the SU
END to cross an
SU SP boundary
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A

mMU-
RTS

P2P SU PPDU ‘

AP: access point
STA: station

mMU-RTS: modified multi-user request to send

PPDU: physical layer protocol data unit

Transmission opportunity (TXOP)

«— Single-user service period (SU SP)' —>

‘BA

tl

t2

SU PPDU: single-user physical layer protocol data unit

SIFS: short inter-frame space
BA: block acknowledgment
SU END: single-user end

FIG. 14

\ 4

PPDU

Allow the SU END
to cross an SU SP
boundary t2
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A

Transmission opportunity (TXOP)
<— Single-user service period (SU SP) —>

mMU-
AP RTS
/0]
STA 1 ...| Last SUPPDU % QoSmull
@) data
STA 2 BA

AP: access point

STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit
SIFS: short inter-frame space

BA: block acknowledgment

CAS: command and status

QoS Null Data: quality of service null data

FIG. 15

\ 4

PPDU

SIFS

Allow the QoS null
data to cross an SU
SP boundary

A first device receives a second frame

L~ 201

v

The first device recovers permission to use a transmission opportunity TXOP |— S202
when duration between an end moment of the second frame and an end
moment of a first time resource is less than preset duration T

FIG. 16



15/21

A

Transmission opportunity (TXOP)

< Single-user service period (SU SP) >
mMU-
AP RTS PPDU
STA'1 Last SU PPDU SIFS
T If remaining duration T' is
less than a threshold T,

STA 2 BA the AP recovers the

TXOP after the SIFS

AP: access point

STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit
SIFS: short inter-frame space

BA: block acknowledgment

FIG. 17

A first device sends a second frame — S301

v

The first device recovers permission to use a transmission opportunity |~ S302
TXOP when duration between an end moment of the second frame and an
end moment of a first time resource is less than preset duration T

FIG. 18
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A

AP

STA 1

Transmission opportunity (TXOP)

<«— Single-user service period (SU SP)<_ >

mMU-
RTS ‘ BA ‘

SU PPDU

tl 2
AP: access point

STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit
SIFS: short inter-frame space

BA: block acknowledgment

FIG. 19

PPDU ‘

First device Second device

S401: Determine a third frame

S402: Send the third frame

FIG. 20
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.| Frame . BA BA
BA frame: Control Duration RA TA Control | Information FCS
BA ACk BA TXOP.Re COVELY!  Reserved | TID INFO
Policy Type Indication -
Bits 1 4 1 6 4

BA: block acknowledgment

TXOP: transmission opportunity

Frame Control: frame control

Duration: duration

RA: receiver address

TA: transmitter address
BA Control: BA control

BA Information: BA information

FCS: frame check sequence

BA Ack Policy: block acknowledgment policy
BA Type: block acknowledgment type

TXOP Recovery Indication: TXOP recovery indication
Reserved: reserved
TID_INFO: service identifier information

FIG. 21
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A

Transmission opportunity (TXOP)

The AP indicates to the STA 1 that the AP is to recover permission to use the TXOP

A

Single-user service period (SU SP) ——

mMU-
AP RTS BA ‘ PPDU
| e—
Third
STA 1 --«| SUPPDU | frame

AP: access point

STA: station

mMU-RTS: modified multi-user request to send
PPDU: physical layer protocol data unit

SU PPDU: single-user physical layer protocol data unit
SIFS: short inter-frame space

BA: block acknowledgment

FIG. 22
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Apparatus 1 for recovering permission to

Processing unit

/12

Transceiver unit

use transmission opportunity

FIG. 25

Communication apparatus 1000

1001 1003
T T T T T T T T T T T /
Processor : Memory :
| Instructions ! : | Instructions !
________ ._____:|__:__:__:___|
Transceiver 1002

—_— e — — — —_ — =

—_— e — — — —_ — =

FIG. 26




