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(57) Abstract: A wireless communication apparatus (202) performs bi-directional communication with an initiator (201). The
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DESCRIPTTION

RESPONDER (E.G. 802.11N) TRANSMITTING ACKNOWLEDGEMENTS IN
AN EXTRA PHYSICAL FRAME AT A FIRST TRANSMISSION RATE

5 Technical Field
The present invention relates to implementing a
wireless communication scheme which is robust even in a
poor wireless propagation environment in a wireless
communication system including wireless communication
10 devices such as cellular phones and wireless LANs which
perform transmission/reception of data through wireless
medium.
BadkgroundlArt
Accoxrding to wireless LAN specification IEEE
15 802.11le" which.hds realized enhancement associated with
the Quality .of Service (Qos) of:a_Médium Access Control
(MAC) layer with respect to the IEEE 802.11 standard
specifications,. as metheds of.acquiring a transmission
opportinity (TXOP) period during which a transmitting-
20 side communication apparatus (initilator) can transmit
data, the FErhanced Distributed Channel  Access (EDCA)
scheﬁe and the HCF Controlled Channel Access' (HCCA)
scheme are available. (See IEEE 802.1le Draft 13:.0.and
IEEE P802.11e/D13.0, January 2005.)
25 In :IEEE 802.11n directed to faster transmissipn, a.
plurality .o0f aggregation methods -such as Aggregated-MAC

Protocol. .Data -Unit (A=-MPDU) and High-throughput PHY-
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(HTP) burst have been proposed to reduce the overhead
existing between the respective frames in
transmitting/receiving operation in IEEE 802.1le.

According to A-MPDU, an aggregation frame obtained
by combining a plurality of MAC frames with one
Physical Layer (PHY) frame witﬁ one field identifying
each MAC frame being attached to the head of each frame
is transmitted. (See TGn Sync Proposal Technical
Specification, IEEE 802.11-04/889r6, May 2005.)

In HTP Burst, PHYAframes are transmitted at
intervals of a Reduced Interframe Space (RIFS), which
is shorter than a Short Interframe Space (SIFS) period
used for a conventional burst transmission technique.
According to HTP. Burst, when frameé are to be
transmitted to a plurality of receiving-side
communication apparatuses (responders) at different
transmission rates or with different transmission
powers, the RIFS time is provided between the
respective PHY frames to transmit the respective PHY
frames at different transmission rates or with
different transmission powers. (See TGn Sync Proposal
Technical Specification, IEEE 802.11-04/889r6, May
2005, and WWiSE Proposal: High throughput extension to
the 802.11 Standard, IEEE 802.11-05/0149r2, March
2005.)

In IEEE 802.11ln, there has been proposed a method

]
of improving transmission efficiency by a technique of
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performing bi-directional communication based on a
piggyback technique during a TXOP time, acquired by an
initiator, by making the initiator which has acquired
the TXOP time allocate part of the TXOP time (TXOP
allocation time) to a responder, i.e., a Reverse
Direction (RD) scheme. |

In IEEE 802.11n, when A-MPDU is used for the RD
scheme (in which an initiator performs bi-directional
communication with a responder by tﬂ; piggyback
technique during the TXOP time acquired by the EDCA
scheme or the HCCA scheme), the initiator transmits an
Initiator Aggregation Control (IAC) frame, and the
responder returns a Responder Aggregation Control (RAC)
frame the SIFS time after the transmission of the
frame, thus performing IAC-RAC frame exchange. If the
RD scheme is used on the assumption that such IAC-RAC
frame exchange is perfoimed, the initiator transmits,
to the responder, an IAC frame in which information
indicating the use of the RD scheme during an acquired
TXOP time is written. Upon receiving the IAC frame and
being notified of the information indicating that the
RD scheme is used for communication in the TXOP time,
the responder transmits an RAC frame addressed to the
initiator after writing, in the frame, the number of
data frames which the responder can transmit when part
of the TXOP time is allocated, and a transmission data

¢
rate. The initiator determines an Reverse Direction
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Grant (RDG) duration as part of the TXOP time to be
allocated to the responder from the number of data
frames and the transmission data rate which are written
in an RAC frame. The initiator writes the determined
RDG duration in the IAC frame, attaches the IAC frame
to the head of an aggregation frame to be transmitted,
and transmits the aggregation frame the SIFS time after
the completion of the reception of the previous RAC
frame.

In this case, a déta frame acknowledgement method
(AckPolicy) is a BlockAck scheme. If the immediate
BlockAck scheme (in which upon receiving an
acknowledgement request frame (BlockAck request frame),
the responder transmits an acknowledgement frame
(BlockAck frame) after the lapse of the SIFS time)
defined in IEEE 802.l1le is used as this BlockAck
scheme, a BlockAckRequést frame is also combined with
the end of an aggregation frame to be transmitted from
the initiator. (Note, however, that in the Implicit
Block Ack scheme proposed in IEEE 802.11ln,
BlockAckRequest is omitted.)

In the above case, when the SIFS time elapses
after the reception of the aggregation frame from the
initiator, the responder must transmit receiving
statuses through a block Ack frame. 1In the RD scheme,
when a block Ack frame is to be returned from the

[
responder after the lapse of the SIFS time, the



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

responder transmits an aggregation frame which is
combined with a plurality of data frames and a block
Ack frame like the piggyback technique. The time taken
for the transmission of this aggregation frame must not
exceed the RDG duration written in the IAC frame. When
requesting an RDG duration in tfansmitting an
aggregation frame, the responder inserts, in an RAC
frame, the number of data frames ready for transmission
(i.e., frames scheduled to be transmitted this time)
and a transmission daté rate, and returns the frame
upon attaching it to the head of an aggregation frame
to be transmitted this time. (See TGn Sync Proposal
Technical Specification, IEEE 802.11-04/889r6, May
2005.)

In the above RD scheme, however, since a BlockAck
frame and a BlockAckRequest frame are combined with
data frames to be transﬁitted as one PHY frame, the
data frames, the BlockAck frame, and the
BlockAckRequest frame are transmitted at the same
transmission rate. For this reason, the probability of
transmission errors due to a deterioration in the
wireless propagation environment or the occurrence of
collisions becomes almost the same as in the data
frames, the BlockAck frame, and BlockAckRequest frame.

In general, since the transmission error
probability increases when a high transmission rate is

]
used, the transmission rate of an aggregation frame
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needs to be decreased to increase the transmission
success probabilities of a BlockAck frame and
BlockAckRequest frame. Decreasing the transmission
rate, however, will increase the transmission length of
an aggregation frame, resulting in a decrease in
throughput. |

Disclosure of Invention

In contrast, as the transmission rate is increased
to realize high-speed transmission/reception of data
frames, the transmissidn success probability of
BlockAck frames and BlockAckRequest frames decrease.

As a consequence, an initiator or responder which has
failed in receiving a BlockAck frame or a
BlockAckRequest frame needs to retransmit it. This
leads to excessive deterioration in communication
efficiency, i.e., a great reduction in throughput. The
present invention has béen made to solve the above
problem, and has as its‘object to increase the
transmission success probability of frames used for
acknowledgement, e.g., a BlockAck frame or a
BlockAckRequest frame.

According to a one aspect of the present
invention, there is provided a wireless communication
apparatus performs bi-directional communication with an
initiator. The apparatus is allocated an allocation
period for data transmission from the initiator. The

¢
apparatus includes means for generating a first
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physical frame including an acknowledgement frame with
respect to a plurality of data frames received from the
initiator, and generating a second physical frame in
which a plurality of transmission data frames addressed
to the initiator are aggregated. The apparatus also
includes means for transmitting‘the first physical
frame at a first transmission rate and the second
physical frame at a second transmission rate, during
the allocation period.
Brief Deséription of Drawings

FIG. 1 is a block diagram of a wireless
communication apparatus according to the first
embodiment;

FIG. 2 is a timing chart according to the first
embodiment;

FIG. 3 is a flowchart associated with the
operation of a terminal'A in the first embodiment;

FIG. 4 is a flowchart associated with the
operation of a terminal B in the first embodiment;

FIG. 5 is a view showing the positional
relationship between terminals in the first embodiment;

FIG. 6 is a block diagram of a wireless
communication apparatus according to the second
modification of the first embodiment;

FIG. 7 is a flowchart associated with the
operation of the terminal A according to the second

]
modification of the first embodiment;



WO 2006/134704

10

15

20

25

PCT/JP2006/306985

FIG. 8 is a flowchart associated with the

operation of
modification

FIG.

the terminal B according to the second

of the first embodiment;

9 1s a block diagram of a wireless

communication apparatus according to the third

modification
FIG. 10
operation of
modification
FIG. 11
operation of
modification
FIG. 12
modification
FIG. 13
embodiment;
FIG. 14
embodiment;
FIG. 15
operation of
embodiment;
FIG. 16
relationship
embodiment;
FIG. 17
embodiment;

FIG. 18

of the first embodiment;

is a flowchart associated with the
the terminal A according to the third:
of the first embodiment;

is a flowéhart associated with the
the terminal B according to the third
of the first embodiment;

is a timing chart according to the fourth
of the first embodiment;

is a timing chart according to the second
is a timiné chart according to the third

is a flowchart associated with the

a terminal B according to the fourth

is a view showing the positional

between terminals in the fourth
is a timing chart according to the fifth

) .
is a flowchart associated with the
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operation of a terminal A in the fifth embodiment;

FIG. 19 is a flowchart associated with the
operation of a terminal B in the fifth embodiment;

FIG. 20 is a timing chart according to the sixth
embodiment;

FIG. 21 is a flowchart assbciated with the
operation of a terminal A in the sixth embodiment;

FIG. 22 is a timing chart according to the seventh
embodiment;

FIGS. 23A to 23D ére views showing a frame
arrangement in the 10th embodiment;

FIG. 24 is a timing chart according to the 11th
embodiment; and

FIG. 25 is a timing chart according to the 12th
embodiment.

Best Mode for Carrying Out the Invention
(First Embodiment) ‘

FIG. 1 is a block diagram associated with an
example of a wireless communication apparatus 101 which
supports the contents proposed in IEEE 802.11ln wireless
LAN communication specifications. That is, the
following description will be made on the assumption
that a high transmission rate in the Multiple Input,
Multiple OQutput (MIMO) scheme proposed in IEEE 802.11ln
and the transmission scheme in which the frequency band
is extended from the 20 MHz band to the 40 MHz band are

L
supported.
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Assume that the contents proposed in IEEE 802.11n
described below include all the IEEE 802.11 standard
specifications, IEEE 802.l1lla/b/g/e, and the like
(including those regarded as amendments, recommended
practices, and the like).

It is needless to say thaf IEEE 802.11ln is an
example, and the present invention can be applied to
wireless communication schemes, in general.

The wireless communication apparatus 101 comprises
a transmission data maﬁagement unit 102, access control
unit 103, frame generation/transmission processing unit
104, and reception processing unit 105.

The transmission data management unit 102
comprises a transmission queue 106 which buffers
transmission data. The transmission data management
unit 102 manages transmission data in the transmission
queue 106.

The access control unit 103 performs access
control such as frame transmission/reception processing
and retransmission processing. The frames processed by
the access control unit 103 include data (Data) frames
including transmission data buffered in the
transmission queue 106. In addition, these frames’
include control and management frames such as an
acknowledgement frame (BlockAck frame or the like), IAC
frame, RAC frame, RTS frame, and CTS frame. The access

]
control unit 103 comprises a transmission/reception
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method determination unit 107, transmission/reception
state management unit 108, and carrier sense unit 1009.

The transmission/reception method determination
unit 107 determines a transmission/reception method
including an aggregation scheme, the Reverse Direction
(RD) scheme, and the execution/honexecution of RTS-CTS
frame exchange.

The transmission/reception state management unit
108 performs access control such as
transmission/reception.timing management and
retransmission processing associated with the
transmission/reception method determined by the data
transmission/reception method determination unit 107.

The carrier  sense unit 109 monitors the reception
processing unit 105 and performs virtual carrier sense
processing which is set to Busy during the time
indicated by the Network Allocation Vector (NAV)
written in the duration field in a received frame, and
carrier sense processing which is set to Busy when the
reception power is larger than a predetermined value.

The frame generation/transmission processing unit
104 generates control frames and data frames. The
frame generation/transmission processing unit 104 also
performs transmission processing upon performing
aggregation of frames.

The reception processing unit 105 performs

é
reception processing such as identification processing
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of a reception frame and generation of an
acknowledgement bitmap.

FIG. 2 is a timing chgrt for explaining a method
of transmitting a BlockAck frame and a plurality of
data frames at different transmission rates by using
the HTP burst scheme in performing
transmission/reception by the RD scheme. FIG. 3 1is a
flowchart associated with the operation of a terminal A
201. FIG. 4 is a flowchart associated with the
operation of a terminal B 202.

Bi-directional communication will be described
below on the assumption that all the transmission data
from the terminal A 201 as an initiator are addressed
to the terminal B 202 as a responder, and all the
transmission data from the terminal B 202 are addressed
to the terminal A 201. The terminal A 201 and the
terminal B 202 each havé the same arrangement as that
of the wireless communication apparatus 101, and the
constituent elements of each terminal are denoted by
the same reference numerals as those in FIG. 1.

In this bi-directional communication, as shown in
FIG. 5, the wireless communication system to which the
terminal A 201 and the terminal B 202 belong includes a
terminal C 203, terminal D 204, terminal E 205, and
terminal F 206 to which transmission data are not
addressed, in addition to the terminal A 201 and the

(]
terminal B 202.
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When the terminal A 201 and the terminal B 202
begin to perform bi-directicnal communication, the
terminal C 203 is present in a range 207 in which
transmission waves from the terminal A 201 can be
received and a range 208 in which transmission waves
from the terminal B 202 can be feceived.

When the terminal A 201 and the terminal B 202
begin to perform bi-directional communication, the
terminal D 204 is present within the range 207 in which
transmission waves from.the terminal A 201 can be
received but outside the range 208 in which
transmission waves from the terminal B 202 can be
received.

When the terminal A 201 and the terminal B 202
begin to perform bi-directional communication, the
terminal E 205 is present outside the range 207 in
which transmission waves from the terminal A 201 can bé
received but inside the range 208 in which transmission
waves from the terminal B 202 can be received.

Assume that the terminal F 206 cannot receive
transmission waves from the terminal A 201 and the
terminal B 202 when the terminal A 201 and the terminal
B 202 begin to perform bi-directional communication,
but can receive transmission waves from the terminal A
201 and the terminal B 202 after the terminal A 201 and
the terminal B 202 begin to perform bi-directional

]
communication (i.e., after RTS-CTS exchange is
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complete).

Assume that the ImplicitBlockAckRequest scheme of
the BlockAck schemes proposed in IEEE 802.11n is used
as a data frame acknowledgement method (AckPolicy). In
the BlockAck scheme, as an acknowledgement for a frame
transmitted by a sender, a recéiver transmits a
BlockAck frame. In the ImplicitBlockAckRequest scheme,
a sender does not transmit an acknowledgement request
frame (BlockAckRequest frame) as a BlockAck frame
transmission request.

Assume that the terminal A 201 performs management
frame exchange such as association with the terminal B
202 in advance, and knows that the terminal B 202
supports the RD scheme, and the amount of data which
the terminal B 202 wants to transmit to the terminal
A 201.

Assume that negotiétion based on the RD scheme is
to be performed in this management frame exchange. 1In
this case, both the terminal A 201 and the terminal B
202 are made to know that they will transmit two PHY
frames with the RIFS time set therebetween after an
aggregation frame 304 which the terminal A 201
transmits first, by writing the corresponding
information in a management frame. Subsequently, the
terminal A 201 and the terminal B 202 wait for two PHY
frames with the RIFS time set therebetween in a standby

]
state in communication based on the RD scheme.



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

15

It, however, may be defined such that when bi-
directional communication based on the RD scheme is to
be performed (without management frame exchange), two
terminals will wait for two PHY frames with the RIFS
time set therebetween.

It also may be defined thét in a standby state in
communication based on the RD scheme, two terminals
will wait for three or more PHY frames with the RIFS
time set therebetween.

Alternatively, whén the terminal A 201 operates as
a base station, it suffices to write, in a beacon frame
transmitted from the terminal A 201, information
indicating that two PHY frames with the RIFS time set
therebetween are transmitted after the terminal A 201
transmits the first aggregation frame 304 if the RD
scheme is used.

(1-1-1. Transmission af RTS Frame from Terminal A)

In the terminal A 201, when data is stored in the
transmission queue 106 before the start of bi-
directional communication, the transmission data
management unit 102 transfers the priority, amount, and
transmission destination of the stored transmission
data to the transmission/reception state management
unit 108 (step 1 in FIG. 3).

The transmission/reception state management unit
108 inquires the carrier sense unit 109, with respect

¢
to the received priority of the transmission data,
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about whether the transmission data can be transmitted.
The carrier sense unit 109 monitors whether the
reception power is equal to or more than a
predetermined value (Idle) or not (Busy) (carrier sense
processing). The carrier sense unit 109 also monitors
whether a transmission band is ?eserved (virtual
carrier sense processing). The transmission/reception
state management unit 108 determines that transmission
can be performed, if both the carrier sense result and
the virtual carrier seﬁse result obtained by the
carrier sense unit 109 are Idle, and the period during
which a transmission band is not reserved continues for
an AIFS + Backoff time (Backoff may not be performed in
some cases; ditto for the following). Upon determining
that transmission can be performed, the
transmission/reception state management unit 108
transfers the priority,_amount, and transmission
destination of the transmission data to the
transmission/reception method determination unit 107
(step 2 in FIG. 3).

The transmission/reception method determination
unit 107 determines the execution of the exchange of an
RTS frame 301 and a CTS frame 303, the execution of bi-
directional communication based on the RD scheme, the
length (equal to the TXOP time in this embodiment) of
the time (NAV time) of band reservation in the TXOP

é
time, and the length of part of the TXOP time (TXOP



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

17

allocation time) allocated to the terminal B 202 (step
3 in FIG. 3).

In this case, for example, the NAV time and the
TXOP allocation time may be predetermined values or may
be calculated by any calculation methods. A
description of a calculation method to be used will be
omitted because it is not relevant to embodiments of
the present invention.

The transmission/reception state management unit
108 transfers the value of NAV to be written in the
duration field of the RTS frame 301 to the frame
generation/transmission processing unit 104 in
accordance with the information determined by the
transmission/reception method determination unit 107
(step 4 in FIG. 3). The value of NAV written in the
RTS frame 301 is handled as a time to the TXOP limit
used in the RD scheme. —

The frame generation/transmission processing unit
104 generates the RTS frame 301 in which the received
length of the TXOP time is written as the value of NAV
in the duration field, and transmits the frame at the
first transmission rate (step 5 in FIG. 3).

The first transmission rate is, for example, a
transmission rate defined in 802.1la specifications or
the basic rate. Alternatively, this rate is the lower
transmission rate in 802.11ln or the basic rate. 1If,

é
for example, a terminal which does not support the
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802.11n but supports 802.1la is located at a position
where it can receive transmission waves from the
terminal A 201 or the terminal B 202, the first
transmission rate is the transmission rate defined in
802.1la. In contrast, if there is only a terminal
which supports 802.11n at a position wﬁere it can
receive transmission waves from the terminal A 201 or
the terminal B 202, the first transmission rate is'the
lower transmission rate defined in 802.11ln or the basic
rate. If a terminal which does not support 802.11n
exists, but band reservation has already been performed
for the terminal which does not support 802.11n, the
first transmission rate is the lower transmission rate
defined in 802.1ln or the basic rate. The RTS frame
301 addressed to the terminal B 202, which has been
transmitted by the terminal A 201, is also received by
the terminal C 203 or tﬁe terminal D 204. Upon
determining that the received RTS frame 301 is address
to the terminal B 202, the terminal C 203 and the
terminal D 204 inhibit from performing communication
using the corresponding Duration field for only the NAV
time. As a result, for the terminal A 201, a
transmission band can be reserved.

When the transmission of the RTS frame 301 is
complete, the reception processing unit 105 waits for
the CTS frame 303 from the terminal B 202 for only a

é
time corresponding to the sum of the SIFS time and a 1
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slot time. If the reception processing unit 105 cannot
start receiving the CTS frame 303 within the time
corresponding to the sum of the SIFS time and the
l-slot time, Backoff processing for the retransmission
of the RTS frame 301 is started (step 6 in FIG. 3).
(1-1-2. Reception of RTS Framé and Transmission of CTS
Frame by Terminal B)

The reception processing unit 105 of the terminal
B 202 receives the RTS frame 301, and transmits the CTS
frame 303 at the first‘transmission rate the SIFS time
after the completion of the reception (step 101 in
FIG. 4). The value obtained by subtracting the SIFS
time and the time taken for the transmission of the CTS
frame 303 from the value of NAV written in the RTS
frame 301 is written as the value of NAV in the CTS
frame 303 (since the length of each frame is known in
advance and the transmiésion rate is determined in
advance, the time taken for transmission is known).
The RTS frame 301 and the CTS frame 303 are the same as
those in general RTS-CTS exchange in IEEE 802.11 which
are existing specifications, and hence the terminal B
202 does not know at this point of time that the
terminal A 201 uses the RD scheme.

When the transmission of the CTS frame 303 is
complete, the reception processing unit 105 waits for
the reception of a data frame (step 102 in FIG. 4).

[ 4
The terminal E 205 also receives the CTS frame 303
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addressed to .the terminal A 201 which has been
transmitted from the terminal B 202. Upon determining
that the received CTS frame 303 is addressed to the
terminal A 201, the terminal E 205 inhibits itself from
performing communication using the corresponding
transmission band for a time co£responding to the wvalue
of NAV written in the CTS frame 303. As a consequence,
for the terminal A 201, a transmission band reservation
has been made.

(1-1-3. Reception of CTS Frame and Transmission of
Aggregation Fame by Terminal A)

When the reception processing unit 105 receives
the CTS frame 303 from the terminal B 202, the terminal
A 201 transfers, -to the transmission/reception state
management unit 108, a value representing the reception
of the CTS frame 303 and the value of NAV written in
the CTS frame 303 (step-7 in FIG. 3).

The transmission/reception state management unit
108 extracts transmission data buffered in the
transmission queue 106, and transfers the data to the
frame generation/transmission processing unit 104,
together with the TXOP allocation time determined by
the transmission/reception method determination unit
107 (step 8 in FIG. 3).

The frame generation/transmission processing unit
104 generates, from the transmission data, Data 1-A 305

‘
as a QoS Cf-Poll + Data frame, and Data 2-A 306, Data
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3-A 307, Data 4-A 308 as data frames. In addition, the
frame generation/transmission processing unit 104
generates the aggregation frame 304 by combining the
Data 1-A 305, Data 2-A 306, Data 3-A 307, and Data 4-A
308 in the order named, with the Data 1-A 305 being the
first frame, upon attaching a field for identifying
each frame to its head (step 9 in FIG. 3).

A TXOP allocation time is written in the QoS
control field of the Data 1-A 305 as a QoS Cf-Poll +
Data frame. In this eﬁbodiment, the TXOP allocation
time is the sum of the RIFS time, the time taken for
the transmission of an aggregation frame 311 (to be
described later), the SIFS time, and the time taken for
the transmission of a BlockAck frame 310 with respect
to the aggregation frame 304. The value obtained by
subtracting the SIFS time and the time taken for the
transmission of the agéregation frame 304 from the
value of NAV written in the CTS frame 303 transmitted
from the terminal B 202 is written, as the value of
NAV, in each of the Data 1-A 305, Data 2-A 306, Data 3
A 307, and Data 4-A 308. This value of NAV indicates
the length of the time from the completion of the
transmission of the aggregation frame 304 to the end of
the TXOP time.

The frame generation/transmission processing unit
104 starts to transmit the aggregation frame 304 the

]
SIFS time after the completion of the reception of the
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CTS frame 303 from the terminal B 202 by the reception
processing unit 105 (step 10 in FIG. 3). This
transmission is performed at the second transmission
rate higher than the first transmission rate. The
second transmission rate is the higher transmission
rate in the 802.11n specificatiéns, e.g., a high rate
based on MIMO technology.

When the transmission of the aggregation frame 304
is complete, the reception processing unit 105 waits
for the BlockAck frame 310 from the terminal B 202 for
only a time corresponding to the sum of the SIFS time
and a l-slot time. If the reception processing unit
105 cannot receive the BlockAck frame 310 within the
time corresponding to the sum of the SIFS time and the
l-slot time, the reception processing unit 105
retransmits the aggregation frame 304 (step 11 in
FIG. 3). '

In this case, since the terminal A 201 knows that
it uses the RD scheme, the terminal A 201 causes the
reception processing unit 105 to wait for two PHY
frames with the RIFS time set therebetween in a
subsequent standby state.

(1-1-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)

The reception processing unit 105 of the terminal

B 202 which has received the aggregation frame 304

€
transfers, to the transmission/reception state
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management unit 108, a value indicating the reception
of a QoS Cf-Poll + Data frame, the TXOP allocation time
written in the Data 1-A 305, and the value of NAV
written in each of the Data 1-A 305, Data 2-A 306, Data
3-A 307, and Data 4-A 308. The reception processing
unit 105 generates a bitmap forinotifying a remote
terminal of acknowledgement from the reception
success/failure status of each of Data 1-B 312, Data 2
B 313, Data 3-B 314, and Data 4-B 315 transmitted from
the terminal A 201, and transfers the bitmap to the
transmission/reception state management unit 108 (step
103 in FIG. 4).

The terminal B 202 knows for the first time that
the terminal A 201 will use the RD scheme, when
receiving a QoS Cf-Poll + Data frame having the
function of a poll frame notifying that the TXOP
allocation time has beeﬁ allocated. Upon determining
that the RD scheme is used, the terminal B 202
transmits transmission data as a data frame which it
wants to transmit to the terminal A 201 in the TXOP
allocation time.

Upon determining that the terminal A 201 will use
the RD scheme, the terminal B 202 causes the reception
processing unit 105 to wait for two PHY frames with the
RIFS time set therebetween in a subsequent standby -
state.

¢
The transmission/reception state management unit



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

24

108 determines, from the value indicating the reception
of the QoS Cf-Poll + Data frame, that the terminal A
201 is performing communication by the RD scheme. The
transmission/reception state management unit 108 then
extracts transmission data buffered in the transmission
queue 106, and transfers the dafa to the frame
generation/transmission processing unit 104, together
with the TXOP allocation time, the value of NAV
recelved from the reception processing unit 105, and a
bitmap for notifying tﬂe remote terminal of
acknowledgement (step 104 in FIG. 4). The amount of
transmission data extracted from the transmission queue
106 will be described later.

The frame generation/transmission processing unit
104 generates an acknowledgement (BlockAck) frame with
respect to the Data 1-A 305, Data 2-A 306, Data 3-A
307, and Data 4-A 308 téansmitted from the terminal A
201 by using the bitmap for notifying the remote
terminal of acknowledgement. The frame
generation/transmission processing unit 104 also
generates the Data 1-B 312, Data 2-B 313, Data 3-B 314,
and Data 4-B 315 as data frames from the transmission
data, and generates the aggregation frame 311 by
combining the Data 1-B 312, Data 2-B 313, Data 3-B 314,
and Data 4-B 315.

The frame generation/transmission processing unit

1
104 writes, as the value of NAV in the BlockAck frame
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310, the value obtained by subtracting the SIFS time
and the time taken for the transmission of a BlockAck
frame 310 from the received value of NAV. This value
of NAV indicates the length of the time from the
completion of the transmission of the BlockAck frame
310 to the end of the TXOP time;

The frame generation/transmission processing unit
104 writes the value obtained by subtracting the RIFS
time and the time taken for the transmission of the
aggregation frame 311 ffom the value of NAV written in
the BlockAck frame 310, as the value of NAV, in each of
the Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data
4-B 315. This value of NAV indicates the length of the
time from the completion of the transmission of the
aggregation frame 311 to the end of the TXOP time (step
105 in FIG. 4).

A frame obtained bf inserting the RIFS time
between a BlockAck frame and an aggregation frame will
be referred to as an HTP burst frame hereinafter (to be
described in detail in the 10th embodiment). The
amount of transmission data which the
transmission/reception state management unit 108
extracts from the transmission queue 106 and transfers
to the frame generation/transmission processing unit
104 is defined such that the frame length of an HTP
burst frame 351 does not exceed the TXOP allocation

]
time written in the Data 1-A 305. The frame
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generation/transmission processing unit 104 starts to
transmit the generated HTP burst frame 351 the SIFS
time after the completion of the reception of the
aggregation frame 304 transmitted from the terminal A
201 by the reception processing unit 105.

The transmission of the HfP burst frame 351 will
be described in detail below. First of all, the
transmission of the BlockAck frame 310 is started '(step
106 in FIG. 4). Assume that the transmission rate of
the BlockAck frame 310 is the first transmission rate.

The frame generation/transmission processing unit
104 waits for the start of the transmission of the
aggregation frame 311 for only the RIFS time after the
completion of the transmission of the BlockAck frame
310 (step 107 in FIG. 4). During this period, the
frame generation/transmission processing unit 104
changes the transmissioh rate from the first
transmission rate to the second transmission rate.

The frame generation/transmission processing unit
104 transmits the aggregation frame 311 at the second
transmission rate the RIFS time after the completion of
the transmission of the BlockAck frame 310 (step 108 in
FIG. 4).

Upon completion of the transmission of the
aggregation frame 311, the reception processing unit
105 waits for a frame from the terminal A 201 (step 109

¢

in FIG. 4).
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(1-1-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal A)

The operation of the terminal A 201 will be
described below in a case wherein when an HTP burst
frame 351 is received, data to be transmitted to the
terminal B 202 is stored in the transmission queue 106.

The reception processing unit 105 of the terminal
A 201 which has received the HTP burst frame 351
generates a bitmap for notifying the remote terminal of
acknowledgement from the reception success/failure

status of each of the Data 1-B 312, Data 2-B 313, Data

‘3-B 314, and Data 4-B 315, and transfers the bitmap to

the transmission/reception state management unit 108,
together with the value of NAV written in each of the
Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data 4-B
315. The reception processing unit 105 also transfers
the received bitmap wriéten in the BlockAck frame 310
to the transmission/reception state management unit 108
(step 12 in FIG. 3).

Assume that in the received bitmap, a value
indicating non-transmission is written in each of the
Data 1-A 305, Data 2-A 306, Data 3-A 307, and Data 4-A
308. In this case, the transmission/reception state
management unit 108 inserts the data frames in an
aggregation frame 318 (to be described later) to
retransmit them. The transmission/reception state

¢
management unit 108 also extracts transmission data
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buffered in the transmission queue 106, and transfers
the data to the frame generation/transmission
processing unit 104, together with the TXOP allocation
time received from the transmission/reception method
determination unit 107, the value of NAV received from
the reception processing unit 105 and the transmission
bitmap (step 13 in FIG. 3).

The frame generation/transmission processing unit
104 generates the BlockAck frame 317 with respect to
the Data 1-B 312, Data é—B 313, Data 3-B 314, and Data
4-B 315 transmitted from the terminal B 202 by using
the received transmission bitmap. The frame
generation/transmission processing unit 104 also
generates the aggregation frame 318 including Data 5-A
319 as a QoS Cf-Poll + Data frame and the Data 5-A 319,
Data 6-A 320, Data 7-A 321, and Data 8-A 322 as data
frames. ©Note that if tﬁere are data frames to be
retransmitted, the data frames to be retransmitted are
attached before the data frames to be newly generated.
If, however, there are many data frames to be
retransmitted, the number of data frames to be newly
generated is reduced or no new data frame is attached.
In this case, the frame generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 317, the value obtained by subtracting
the SIFS time and the time taken for the transmission

6
of the BlockAck frame 317 from the value of NAV
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received from the reception processing unit 105. This
value of NAV indicates the length of time from the
completion of the transmission of the BlockAck frame
317 to the end of the TXOP time.

The frame generation/transmission processing unit
104 writes the TXOP allocation time in the Data 1-A 305
as a QoS Cf-Poll + Data frame.

The frame generation/transmission processing unit
104 writes the value obtained by subtracting the RIFS
time and the time taken for the transmission of the
aggregation frame 318 from the value of NAV written in
the BlockAck frame 317, as the value of NAV, in each of
the Data 5-A 319, Data 6-A 320, Data 7-A 321, and Data
8-A 322. This value of NAV indicates the length of the
time from the completion of the transmission of the
aggregation frame 318 to the end of the TXOP time (step
14 in FIG. 3). The fraﬁe generation/transmission
processing unit 104 starts to transmit a generated HTP
burst frame 352 the SIFS time after the completion of
the reception of the HTP burst frame 351 transmitted
from the terminal B 202 by the reception processing
unit 105.

The transmission of the HTP burst frame 352 will
be described in detail below. First of all, the
transmission of the BlockAck frame 317 is started (step
15 in FIG. 3). Assume that the transmission rate of

6
the BlockAck frame 317 is the first transmission rate.
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The frame generation/transmission processing unit
104 waits for the start of the transmission of the
aggregation frame 318 for only the RIFS time after the
completion of the transmission of the BlockAck frame
317 (step 16 in FIG. 3). During this period, the frame
generation/transmission processing unit 104 changes the
transmission rate from the first transmission rate to
the second transmission rate.

The frame generation/transmission processing unit
104 transmits the aggregation frame 318 at the second
transmission rate the RIFS time after the completion of
the transmission of the BlockAck frame 317 (step 17 in
FIG. 3).

The terminal F 206 could not receive the RTS frame
301 transmitted from the terminal A 201 or the CTS
frame 303 transmitted from the terminal B 202 because
the terminal F 206 was in a state wherein it could not
receive the frames when they were transmitted. When,
however, the terminal F 206 receives either the
BlockAck frame or the aggregation frame after it is set
in a state wherein it can receive communication, the
terminal F 206 knows the value of NAV written in the
frame, and inhibits itself from performing
communication using the corresponding transmission band
for a time corresponding to the value of NAV. As a
consequence, for the terminal A 201, a transmission

f
band reservation can be made with respect to the
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terminal F 206.

Even if the terminal F 206 does not support
802.11n and an aggregation frame or a frame transmitted
at a high transmission rate based on MIMO technology
cannot be received, since the BlockAck frame 317 is
transmitted before data frames ét the first
transmission rate at which even the terminal F 206 can
receive the frame, the terminal F 206 can know, from
the BlockAck frame 317, the address and the value of
NAV of each of data frames transmitted as the
aggregation frame 318 before the reception of each data
frame. Knowing this address and the value of NAV
allows the terminal F 206 to know that a band
reservation has been made, together with the length of
the reservation, even if the terminal cannot receive
any data frame transmitted afterward.

When the transmission of the HTP burst frame 352
is complete, the reception processing unit 105 waits
for a BlockAck frame 324 from the terminal A 201 for
only a time corresponding to the sum of the SIFS time
and a l-slot time. 1If the reception processing unit
105 cannot receive the BlockAck frame 324 within the
time corresponding to the sum of the SIFS time and the
l-slot time, the reception processing unit 105
retransmits the HTP burst frame 352 (step 18 in

FIG. 3).
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(1-1-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)

The reception processing unit 105 of the terminal
B 202 which has received two PHY frames with the RIFS
time set therebetween, i.e., the HTP burst frame 352,
generates a bitmap for notifying the remote terminal of
acknowledgement from the reception success/failure
status of each of the Data 5-A 319, Data 6-A 320, Data
7-A 321, and Data 8-A 322. The reception processing
unit 105 transfers, to.the transmission/reception state
management unit 108, a value indicating the reception
of a QoS Cf-Poll + Data frame, the TXOP allocation time
written in the Data 5-A 319, the value of NAV written
in each of Data 5-A 319, Data 6-A 320, Data 7-A 321,
and Data 8-A 322, the bitmap for notifying the remote
terminal of acknowledgement, and the bitmap written in
the BlockAck frame 317 kstep 110 in FIG. 4).

If a value indicating non-transmission of each of
the Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data
4-B 315 is written in the received bitmap, the
transmission/reception state management unit 108
inserts the data frames in an aggregation frame 325 (to
be described later) to retransmit them. The
transmission/reception state management unit 108 also
extracts transmission data buffered in the transmission
queue 106, and transfers the data to the frame

é
generation/transmission processing unit 104, together
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with the value of NAV received from the reception
processing unit 105 and a bitmap for notifying the
remote terminal of acknowledgement (step 111 in
FIG. 4). The amount of transmission data extracted
from the transmission queue 106 will be described
later. |

The frame generation/transmission processing unit
104 generates the BlockAck frame 324 with respect to
the Data 5-A 319, Data 6-A 320, Data 7-A 321, and Data
8-A 322 transmitted frdm the terminal A 201 by using
the bitmap for notifying the remote terminal of the
acknowledgement.

The frame generation/transmission processing unit
104 generates Data 5-B 326, Data 6;B 327, Data 7-B 328,
and Data 8-B 329 as data frames from the transmission
data. The frame generation/transmission processing
unit 104 generates the éggregation frame 325 by
combining the Data 5-B 326, Data 6-B 327, Data 7-B 328,
and Data 8-B 329 (step 112 in FIG. 4).

The frame generation/transmission processing unit
104 writes, as the value of NAV in the BlockAck frame
324, the value obtained by subtracting the SIFS time
and the time taken for the transmission of the BlockAck
frame 324 from the received value of NAV. This value
of NAV indicates the length of the time from the
completion of the transmission of the BlockAck frame

&
324 to the end of the TXO0P time.
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In addition, the frame generation/transmission
processing unit 104 writes the value obtained by
subtracting the RIFS time and the time taken for the
transmission of the aggregation frame 325 from the
value of NAV written in the BlockAck frame 324, as the
value of NAV, in each of the Dafa 5-B 326, Data 6-B
327, bata 7-B 328, and Data 8-B 329. This wvalue of NAV
indicates the length of the time from the completion of
the transmission of the aggregation frame 325 to the
end of the TXOP time. fhe amount of transmission data
which the transmission/reception state management unit
108 extracts from the transmission queue 106 and
transfers to the frame generation/transmission
processing unit 104 is defined such‘that the frame
length of the HTP burst frame obtained by inserting the
RIFS time between the BlockAck frame 324 and the
aggregation frame 325 doés not exceed the TXOP
allocation time written in the Data 5-A 319 as a QoS
Cf-Poll + Data frame. If, however, there are data
frames to be retransmitted, the number of data frames
to be generated in this case is decreased accordingly.
That is, the amount of transmission data which the
transmission/reception state management unit 108
extracts from the transmission queue 106 and transfers
to the frame generation/transmission processing unit
104 is defined such that the frame length of an HTP

¢ X
burst frame 353 formed by the BlockAck frame 324, the
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RIFS time, and the aggregation frame 325 does not
exceed the TXOP allocation time.

The frame generation/transmission processing unit
104 starts to transmit the generated HTP burst frame
353 the SIFS time after the completion of the reception
of the HTP burst frame transmitted from the terminal A
201 by the reception processing unit 105.

The transmission of the HTP burst frame 353 will
be described in detail. First of all, the transmission
of the BlockAck frame 324 is started (step 113 in
FIG. 4). Assume that the transmission rate of the
BlockAck frame 324 is the first transmission rate.

The frame generation/transmission processing unit
104 waits for the start of the transmission of the
aggregation frame 325 for only the RIFS time after the
completion of the transmission of the BlockAck frame
324 (step 114 in FIG. 4): During this period, the
frame generation/transmission processing unit 104
changes the transmission rate from the first
transmission rate to the second transmission rate.

The frame generation/transmission processing unit
104 transmits the aggregation frame 325 at the second
transmission rate the RIFS time after the completion of
the transmission of the BlockAck frame 324 (step 115 in
FIG. 4).

When the transmission of the HTP burst frame 353

¢
is complete, the reception processing unit 105 waits
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for a frame from the terminal A 201 (step 116 in

FIG. 4).

(1-1-7. Reception of HTP Burst Frame and Transmission
of BlockAck Frame by Terminal A)

The operation of the terminal A 201 at the end of
the NAV time will be described in a case wherein when
the HTP burst frame 353 is received, there is no data
to be transmitted to the terminal B 202 in the
transmission gqueue 106 and there is no data frame to be
retransmitted or transﬁission cannot be continued any
longer near the end of the TXOP time.

The reception processing unit 105 of the terminal
A 201 which has received two PHY frames with the RIFS
time set therebetween, i.e., the HTP burst frame 353,
generates a bitmap indicating acknowledgement from the
reception success/failure status of each of the Data 5
B 326, Data 6-B 327, Daéa 7-B 328, and Data 8-B 329,
and transfers the bitmap to the transmission/reception
state management unit 108, together with the value of
NAV written in each of the Data 5-B 326, Data 6-B 327,
Data 7-B 328, and Data 8-B 329. The reception
processing unit 105 also transfers the received bitmap
written in the BlockAck frame 324 to the
transmission/reception state management unit 108 (step
19 in FIG. 3).

The transmission/reception state management unit

f
108 checks the transmission success/failure of each of
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the Data 5-A .319, Data 6-A 320, Data 7-A 321, and Data
8-A 322 from the received bitmap. The
transmission/reception state management unit 108
transfers the value of NAV received from the reception
processing unit 105 to the frame
generation/transmission processing unit 104 (step 20 in
FIG. 3).

The frame generation/transmission processing unit
104 generates a BlockAck frame 331 with respect to the
Data 5-B 326, Data 6~B‘327, Data 7-B 328, and Data 8-B
329 transmitted from the terminal B 202 by using the
received bitmap.

The frame generation/transmission processing unit
104 writes, as the value of NAV in the BlockAck frame
331, the value obtained by subtracting the SIFS time
and the time taken for the transmission of the BlockAck
frame 331 from the valué of the NAV received from the
reception processing unit 105. This value of NAV
indicates the length of the time from the completion of
the transmission of the BlockAck frame 331 to the end
of the TXOP time (step 21 in FIG. 3).

The frame generation/transmission processing unit
104 starts to transmit the generated BlockAck frame 331
the SIFS time after the completion of the reception of
the HTP burst frame 353 transmitted from the terminal A
201 by the reception processing unit 105 (step 22 in

¢
FIG. 3). Assume that the transmission rate of the
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BlockAck frame 331 i1s the first transmission rate.
(1-1-8. End of TXOP Time)

When a time corresponding to the value of NAV
written in the BlockAck frame 331 transmitted from the
terminal A 201 elapses after the end of the
transmission of the BlockAck frame 331, the band
reservation is released, and the bi-directional
communication between the terminal A 201 and the
terminal B 202 is terminated. When this bi-directional
communication is termiﬁated, the reception processing
unit 105 of each of the terminal A 201 and the terminal
B 202 stops waiting for two PHY frames with the RIFS
time set therebetween, and is set in the general
standby state. When this bi—direcfional communication
is to be further performed, the above processing is
performed again from the sequence of "1-1-1" after the
lapse of the AIFS + Backoff time since the release of
the band reservation. Alternatively, when bi-
directional communication like that in this embodiment
or general communication is to be performed with
another terminal, the above processing is performed
again from the sequence of "1-1-1" after the lapse of
the AIFS + Backoff time since the release of the band
reservation, assuming that another terminal is the
terminal B 202.

As described above, according to this embodiment,

¢
control frames (BlockAck frame, or the like) are
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transmitted at a low transmission rate, and data frames
are transmitted at a high transmission rate.

Transmission at a low transmission rate can
suppress the occurrence of transmission errors due to
noise and the like. Transmission at a high
transmission rate makes it possible to perform high-
speed transmission.

The present invention can satisfy both the
requirement to suppress responders from issuing
retransmission requests due to failures of reception of
control frames (BlockAck frame, BlockAckRequest frame,
or the like) and the requirement to realize high-speed
transmission of data frames.

Assume that the terminal A 201 and terminal B 202
in this embodiment use the 40-MHz frequency band as a
combination of two 20-MHz frequency bands like that
proposed in IEEE 802.115 as a frequency band for the
transmission of data instead of the conventional 20-MHz
frequency band used in IEEE 802.1la/b/g and the like.
In this case, general transmission data are transmitted
with the 40-MHz frequency band, and frames in which the
value of NAV is written, e.g., the RTS frame 301, the
CTS frame 303, and the BlockAck frames 305, 310, 317,
324, and 331 are transmitted as frames in the 20-MHz
band upon switching the transmission frequency band to
the 20-MHz band on the PHY layer of the digital

¢
processing unit while the 40-MHz frequency band of the
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analog unit is kept unchanged. This makes it possible
to notify the value of NAV to a terminal which uses
only the 20-MHz band like that in IEEE 802.1la/b/g and
the like.

Assume that there is no need to notify a wireless
communication apparatus which uses the 20-MHz band of
NAV by using a control frame because there is no
terminal which uses only the 20-MHz band or NAV has
already been set for a terminal which uses only the
20 MHz band. In this éase, decreasing the transmission
rate of a BlockAck frame to the lower transmission rate
in the 40-MHz band makes it possible to increase the
possibility that the BlockAck frame will reach all the
terminals in the wireless communication system. In
addition, this embodiment has exemplified the case
wherein the value of NAV is notified by RTS-CTS frame
exchange, i.e., transmiﬁting the RTS frame 301 from thé
terminal A 201 and transmitting the CTS frame 303 from
the terminal B 202. However, the method of notifying
the value of NAV is not limited to this. Obviously, an
HTP burst frame like that in this embodiment can also
be transmitted in a method of transmitting an
aggregation frame after the lapse of the SIFS time
during which so-called IAC-RAC frame exchange is
performed or a CTS-self frame is transmitted.

If a band reservation has been made by NAV from a

é
base station in the HCCA time as in communication by
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the HCCA scheme, the RD scheme may be started from the
transmission of an aggregation frame without performing
RTS-CTS frame exchange.

This embodiment has also exemplified the case
wherein the TXOP allocation time is written in a QoS
Cf-Poll + Data frame. However,'the QoS Cf-Poll + Data
frame may be divided into a QoS Cf-Poll frame and a
data frame, and the TXOP allocation time may be written
in the QoS control field of the QoS Cf-Poll frame.

In addition, this.embodiment has exemplified bi-
directional communication between the terminal A 201
and the terminal B 202. However, no problem arises
even if the terminal A 201 or the terminal B 202 is a
base station or a terminal station. If, however, the
terminal A 201 is a base station, when an RTS frame is
to be transmitted after a reserved transmission band is
released, an access may'be made by the EDCA scheme in
which an access is started the AIFS + Backoff time
after the release of the band. Alternatively, an
access may be made by the HCCA scheme in which an RTS
frame, QoS Cf-Poll frame, or data frame is transmitted
after the lapse of the RIFS time.

(First Modification of First Embodiment)

In the first embodiment, the terminal A 201 writes
the TXOP allocation time in a QoS Cf-Poll + Data frame.
That is, the terminal A 201 notifies the terminal B 202

¢
of the TXOP allocation time. The terminal B 202
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transmits transmission data of an amount which does not
exceed an amount corresponding to the allocated TXOP
allocation time.

However, the terminal B 202 may be designed to
transmit transmission data as much as it wants to
transmit regardless of the TXOPlallocation time.

In such a case, the terminal A 201 need not write
the TXOP allocation time in a QoS Cf-Poll + Data frame.
It suffices to arbitrarily set the amount of
transmission data which.the transmission/reception
state management unit 108 extracts from the
transmission queue 106 and transfers to the frame
generation/transmission processing unit 104 in step 105
or 112 in FIG. 4.

Even in this arrangement, the terminal A 201 can
receive transmission data without any problem because
only the length of an aégregation frame transmitted the
RIFS time after a BlockAck frame transmitted from the
terminal B 202 changes. As a consequence, the terminal
A 201 need not calculate the TXOP allocation time.
(Second Modification of First Embodiment)

FIG. 6 is a block diagram showing an example of a
wireless communication apparatus 1101 according to the
second modification. FIG. 7 is a flowchart associated
with the operation of a terminal A 201. FIG. 8 is a
flowchart associated with the operation of a terminal

¢
B 202.
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The first embodiment has exemplified the case
wherein the terminal A 201 and the terminal B 202 each
use, as the value of NAV to be written in a frame which
the terminal is to transmit, the value obtained by
subtracting the time taken for the transmission of a
frame from the self terminal, the SIFS time, and the
time taken for the next transmission of a BlockAck
frame from the remote terminal from the value of NAV
written in a control frame or data frame received from
the remote terminal. |

This modification will exemplify an arrangement in
which the value obtained by subtracting the time taken
for the transmission of a frame from the self terminal,
the SIFS time, and the time taken for the next
transmission of a BlockAck frame from a remote terminal
from the remaining time to the end of the NAV time
counted by a timer 110 is used as the value of NAV to
be written in a frame which the self terminal is to
transmit.

Assume that the terminal A 201 and the terminal B
202 each have the same arrangement as that of a
wireless communication apparatus 1101 to be described
next.

The wireless communication apparatus 1101
comprises the timer 110 in addition to the arrangement
of the wireless communication apparatus 101 shown in

¢
FIG. 1. The timer 110 provides the
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transmission/reception state management unit 108 with
the information of the remaining time to a given time.

Other arrangements are the same as those of the
wireless communication apparatus 101 in FIG. 1.

(1-3-1. Transmission of RTS Frame from Terminal A)

Steps 1001 to 1004 in FIG..7 are the same as step
1l to step 4 in FIG. 3L

The frame generation/transmission processing unit
104 generates the RTS frame 301 written in a duration
field by using the length of the received TXOP
allocation time as the value of NAV, .and transmits the
frame at the first transmission rate. When the
transmission of the RTS frame 301 is started, the timer
110 starts to count down with the value of NAV being
the initial value (step 1005 in FIG. 7).

Step 1006 following this operation is the same as
step 6 in FIG. 3. '

(1-3-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B)

The timer 110 of the terminal B 202 starts to
count down with the value of NAV in the RTS frame 301
received by the reception processing unit 105 being an
initial value.

The reception processing unit 105 transmits the
CTS frame 303 at the first transmission rate the SIFS
time after the completion of the reception of the RTS

¢
frame 301 (step 1101 in FIG. 8). The value obtained by
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subtracting the SIFS time and the time taken for the
transmission of the CTS frame 303 from the remaining
time to the end of the NAV time which is counted by the
timer 110 is written as the value of NAV in the CTS
frame 303.

Step 1102 following this operation is the same as
step 102 in FIG. 4.

(1-3-3. Reception of CTS Frame and Transmission of
Aggregation Frame by Terminal A)

When the receptioﬁ processing unit 105 receives
the CTS frame 303 from the terminal B 202, the terminal
A 201 transfers a value indicating the reception of the
CTS frame 303 to the transmission/reception state
management unit 108 (step 1007 in FIG. 7).

Step 2008 following this operation is the same as
step 8 in FIG. 3.

The frame generati&n/transmission processing unit
104 generates, from the transmission data, the Data 1-A
305 as a QoS Cf-Poll + Data frame, and the Data 2-A
306, Data 3-A 307, and Data 4-A 308 as data frames. 1In
addition, the frame generation/transmission processing
unit 104 generates the aggregation frame 304 by
combining the Data 1-A 305, Data 2-A 306, Data 3-A 307,
and Data 4-A 308 in the order named, with the Data 1-A
305 being the first frame, upon attaching a field for
identifying each frame to its head (step 1009 in

¢
FIG. 7).
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The TXOP allocation time is written in the Data 1
A 305 as a QoS Cf-Poll + Data frame. The value
obtained by subtracting the SIFS time and the time
taken for the transmission of the aggregation frame 304
from the remaining time to the end of the NAV time
which is counted by the timer 110 is written, as the
value of NAV, in each of the Data 1-A 305, Data 2-A
306, Data 3-A 307, and Data 4-A 308.

Steps 1010 and 1011 following this operation are
the same as steps 10 aﬁd 11 in FIG. 3.
(1-3-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)

The reception processing unit 105 of the terminal
B 202 which has received the aggregation frame 304
transfers, to the transmission/reception state
management unit 108, a value indicating the reception
of the QoS Cf-Poll + Dafa frame and the TXOP allocation
time written in the Data 1-A 305. The reception
processing unit 105 also generates a bitmap for
notifying the remote terminal of acknowledgement from
the reception success/failure status of each of the
Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data 4-B
315 transmitted from the terminal A 201, and transfers
the bitmap to the transmission/reception state
management unit 108 (step 1103 in FIG. 8).

The transmission/reception state management unit

¢
108 determines from the value indicating the reception



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

47

of the QoS Cf-Poll + Data frame that a terminal A 201
is performing communication by the RD scheme. A
transmission/reception state management unit 108
extracts transmission data buffered in the transmission
queue 106, and transfers the data to the frame
generation/transmission processing unit 104, together
with the TXOP allocation time and the bitmap (step 1104
in FIG. 8).

The frame generation/transmission processing unit
104 generates the BlockAck frame 310 with respect to
the Data 1-A 305, Data 2-A 306, Data 3-A 307, and Data
4-A 308 transmitted from the terminal A 201 by using
the bitmap. The frame generation/transmission
processing unit 104 also generates the Data 1-B 312,
Data 2-B 313, Data 3-B 314, and Data 4-B 315 as data
frames from the transmission data. The frame
generation/transmission_processing unit 104 then
generates the aggregation frame 311 by combining
the Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data
4-B 315.

At this time, the frame generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 310, the value obtained by subtracting
the SIFS time and the time taken for the transmission
of the BlockAck frame 310 from the remaining time to
the end of the NAV time which is counted by the timer

[
110. This value of NAV indicates the length of the
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time from the completion of the transmission of the
BlockAck frame 310 to the end of the TXOP time.

The frame generdtion/transmission processing unit
104 writes the value obtained by subtracting the RIFS
time and the time taken for the transmission of the
aggregation frame 311 from the value of NAV written in
the BlockAck frame 310, as the value of NAV, in each of
the Data 1-B 312, Data 2-B 313, Data 3-B 314, and Dbata
4-B 315 (step 1105 in FIG. 8).

Steps 1106 to 1109 following this operation are
the same as steps 106 to 109 in FIG. 4.
(1-3-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal A)

The reception processing unit‘lOS of the terminal
A 201 which has received the HTP burst frame 351
generates a bitmap indicating acknowledgement from the
reception success/failufe status of each of the Data 1
B 312, Data 2-B 313, Data 3-B 314, and Data 4-B 315,
and transfers the bitmap to the transmission/reception
state management unit 108 (step 1012 in FIG. 7).

The transmission/reception state management unit
108 extracts transmission data buffered in the
transmission queue 106, and transfers the data to the
frame generation/transmission processing unit 104,
together with the TXOP allocation time received from
the transmission/reception method determination unit

]
107 and the bitmap received from the reception
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processing unit 105 (step 1013 in FIG. 7).

The frame generation/transmission processing unit
104 generates the BlockAck frame 317 with respect to
the Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data
4-B 315 transmitted from the terminal B 202 by using
the received bitmap. The framé generation/transmission
processing unit 104 also generates, from the
transmission data, the aggregation frame 318 including
the Data 5-A 319 as a QoS Cf-Poll + Data frame, and the
Data 5-A 319, Data 6—A‘320, Data 7-A 321, and Data 8-A
322 as data frames.

In this case, the frame generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 317, the value obtained by subtracting
the SIFS time and the time taken for the transmission
of the BlockAck frame 317 from the remaining time to
the end of the TXOP time which is counted by the timef
110. The frame generation/transmission processing unit
104 writes the TXOP allocation time in the Data 1-A 305
as a QoS Cf-Poll + Data frame. The frame
generation/transmission processing unit 104 writes the
value obtained by subtracting the RIFS time and the
time taken for the transmission of the aggregation
frame 318 from the value of NAV written in the BlockAck
frame 317, as the wvalue of NAV, in each of the Data 5-A
319, Data 6-A 320, Data 7-A 321, and Data 8-A 322 (step

é

1014 in FIG. 7).



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

50

Steps 1015 to 1018 following this operation are
the same as steps 15 to 18 in FIG. 3.
(1-3-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)

The reception processing unit 105 of a terminal B
202 which has received the two PHY frames with the RIFS
time set therebetween, i.e., the HTP burst frame 352,
generates a bitmap indicating acknowledgement from'the
reception success/failure status of each of the Data
5-A 319, Data 6-A 320,.Data 7-A 321, and Data 8-A 322.
The reception processing unit 105 transfers a value
indicating the reception of the QoS Cf-Poll + Data
frame and the generated bitmap to the
transmission/reception state management unit 108 (step
1110 in FIG. 8).

The transmission/reception state management unit
108 extracts transmissién data buffered in the
transmission queue 106, and transfers the data to the
frame generation/transmission processing unit 104,
together with the bitmap received from the reception
processing unit 105 (step 1111 in FIG. 8).

The frame generation/transmission processing unit
104 generates the BlockAck frame 324 with respect to
the Data 5-A 319, Data 6-A 320, Data 7-A 321, and Data
8-A 322 transmitted from the terminal A 201 by using
the bitmap. The frame generation/transmission

¢
processing unit 104 generates the Data 5-B 326, Data 6
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B 327, Data 7-B 328, and Data 8-B 329 as data frames
from the transmission data. The frame
generation/transmission processing unit 104 then
generates the aggregation frame 325 by combining

the Data 5-B 326, Data 6-B 327, Data 7-B 328, and Data
8-B 329.

At this time, the frame generation/transmission
processing unit 104 writes, as the value of NAV in 'the
BlockAck frame 324, the value obtained by subtracting
the SIFS time and the time taken for the transmission
of the BlockAck frame 324 from the remaining time
to the end of the NAV time which is counted by the
timer 110.

The frame generation/transmission processing unit
104 also writes the value obtained by subtracting the
RIFS time and the time taken for the transmission of
the aggregation frame 355 from the value of NAV written
in the BlockAck frame 324, as the value of NAV, in each
of the Data 5-B 326, Data 6-B 327, Data 7-B 328, and
Data 8-B 329 (step 1112 in FIG. 8).

Steps 1113 to 1116 following this operation are
the same as steps 113 to 116 in FIG. 4.

(1-3-7. Reception of HTP Burst Frame and Transmission
of BlockAck Frame by Terminal A)

The reception processing unit 105 of the terminal

A 201 which has received the two PHY frames with the

]
RIFS time set therebetween, i.e., the HTP burst frame
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353, generates a bitmap indicating acknowledgement from
the reception success/failure status of each of the
Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data 4-B
315, and transfers the bitmap to the
transmission/reception state management unit 108 (step
1019 in FIG. 7).

The transmission/reception state management unit
108 transfers the bitmap received from the reception
processing unit 105 to the frame
generation/transmissioﬁ processing unit 104 (step 1019
in FIG. 7).

The frame generation/transmission processing unit
104 generates the BlockAck frame 331 with respect to
the Data 5-B 326, Data 6-B 327, Data 7-B 328, and Data
8-B 329 transmitted from the terminal B 202 by using
the received bitmap.

The frame generatiﬁn/transmission processing unit
104 writes, as the value of NAV in the BlockAck frame
331, the value obtained by subtracting the SIFS time
and the time taken for the transmission of the BlockAck
frame 331 from the value of NAV received from the
reception processing unit 105.

The frame generation/transmission processing unit
104 then writes, as the value of NAV in the BlockAck
frame 331, the value obtained by subtracting the SIFS
time and the time taken for the transmission of the

é
BlockAck frame 331 from the remaining time to the end
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of the NAV time which is counted by the timer 110 (step
1020 in FIG. 7).

Steps 1021 and 1022 following this operation are
the same as steps 21 and 22 in FIG. 3.

(1-3-8. End of TXOP Allocation Time)

When the timer 110 of the ferminal B 202 finishes
counting down, the band reservation is released, and
the bi-directional communication between the terminal A
201 and the terminal B 202 is terminated. When this
bi-directional communiéation is to be further
performed, the above processing is performed again from
the sequence of "1 1-1" after the lapse of the AIFS +
Backoff time since the release of the band reservation.

As described above, the value obtained by
subtracting the time taken for the fransmission of a
frame from the self terminal from the remaining time to
the end of the NAV time-which is counted by the timer
110 is set as the value of NAV to be written in a frame
which the self terminal transmits. This allows the
self terminal to reliably recognize the end of the NAV
time even in the presence of an error in a control
frame or data frame received from the remote terminal.
(Third Modification of First Embodiment)

FIG. 9 is a block diagram associated with an
example of a wireless communication apparatus 2101
according to the third modification. FIG. 10 is a

€
flowchart associated with the operation of the terminal
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A 201. FIG..11 is a flowchart associated with the
operation of the terminal B 202.

The first embodiment has exemplified the case
wherein the terminal A 201 and the terminal B 202 each
use, as the value of NAV to be written in a frame which
the self terminal is to transmit, the value obtained by
subtracting the time taken for the transmission of a
frame from the self terminal, the SIFS time, and the
time taken for the next transmission of a BlockAck
frame from the remote ferminal from the value of NAV
written in a control frame or data frame received from
the remote terminal.

This modification will exemplify an arrangement in
which the value of NAV is calculated from the time
supplied by an RTC (Real Time Clock) 111. More
specifically, in this arrangement to be described
below, the end time of £he NAV time is recorded in
advance by using the time information obtained from the
RTC 111, and the value obtained by subtracting, from
the recorded time, the transmission start time of a
frame from the self terminal, the SIFS time, and the
time taken for the next transmission of a BlockAck
frame transmitted from the remote terminal is set as
the value of NAV to be written in the frame to be
transmitted from the self terminal.

Bi-directional communication will be described

§
below on the assumption that all the transmission data
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from the terminal A 201 as an initiator are addressed
to the terminal B 202 as a responder, and all the
transmission data from the terminal B 202 are addressed
to the terminal A 201.

Assume that the terminal A 201 and the terminal B
202 each have the same arrangeﬁent as that of the
wireless communication apparatus 2101 to be described
next. )

The wireless communication apparatus 2101
comprises the RTC 111 in addition to the arrangement of
the wireless communication apparatus 101 shown in
FIG. 1. The RTC 111 provides the
transmission/reception state management unit 108 with
time information.

Other arrangements are the same as those of the
wireless communication apparatus 101 in FIG. 1.

(1-4-1. Transmission of RTS Frame from Terminal A)

Steps 2001 to 2006 in FIG. 10 are the same as
steps 1 to 3 in FIG. 3.

(1-4-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B)

The transmission/reception state management unit
108 of the terminal B 202 stores the value of NAV in
the RTS frame 301 received by the reception processing
unit 105 as the end time of the NAV time. The
reception processing unit 105 transmits the CTS frame

(]
303 at the first transmission rate the SIFS time after
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the completion of the reception of the RTS frame 301
(step 2101 in FIG. 11). The value obtained by
subtracting the estimated completion time of the
transmission of the CTS frame 303 from the end time of
the NAV time is written as the value of NAV in the CTS
frame 303. The estimated complétion time of the
transmission of the CTS frame 303 is calculated from
the time obtained from the RTC 111 and the time taken
for the transmission of the CTS frame 303.

Step 2102 followiﬁg this operation is the same as
step 102 in FIG. 4. r
(1-4-3. Reception of CTS Frame and Transmission of
Aggregation Frame by Terminal A)

When the reception processing unit 105 receives
the CTS frame 303 from the terminal B 202, the terminal
A 201 transfers a value indicating the reception of the
CTS frame 303 to the trénsmission/reception state
management unit 108 (step 2007 in FIG. 10).

Step 2008 following this operation is the same as
step 8 in FIG. 3.

The frame generation/transmission processing unit
104 generates, from the transmission data, the Data 1-A
305 as a QoS Cf-Poll + Data frame and the Data 2-A 306,
Data 3-A 307, and Data 4-A 308 as data frames. In
addition, the frame generation/transmission processing
unit 104 generates the aggregation frame 304 by

¢
combining the Data 1-A 305, Data 2-A 306, Data 3-A 307,
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and Data 4-A 308 in the order named, with the Data 1-A
305 being the first frame, upon attaching a field for
identifying each frame to its head (step 2009 in
FIG. 10). The TXOP allocation time is written in the
Data 1-A 305 as a QoS Cf-Poll + Data frame. The value
obtained by subtracting the traﬁsmission start time of
the aggregation frame 304 and the time taken for the
transmission of the aggregation frame 304 from the-end
time of the NAV time is written as the value of NAV in
each of the Data 1-A 305, Data 2-A 306, Data 3-A 307,
and Data 4-A 308. The transmission start time of the
aggregation frame 304 is determined to be the SIFS time
after the reception completion time of the CTS frame
303. Therefore, ‘the transmission étart time of the
aggregation frame 304 can be calculated from the time
obtained from the RTC 111.

Steps 2010 and ZOli following this operation are
the same as steps 10 and 11 in FIG. 3.
(1-4-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)

The reception processing unit 105 of the terminal
B 202 which has received the aggregation frame 304
transfers a value indicating the reception of the QoS
Cf-Poll + Data frame and the TXOP allocation time
written in the Data 1-A 305 to the
transmission/reception state management unit 108. The

]
reception processing unit 105 also generates a bitmap
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indicating acknowledgement from the reception
success/failure status of each of the Data 1-B 312,
Data 2-B 313, Data 3-B 314, and Data 4-B 315
transmitted from the terminal A 201, and transfers the
bitmap to the transmission/reception state management
unit 108 (step 2103 in FIG. 11}.

The transmission/reception state management unit
108 determines from the value indicating the reception
of the QoS Cf-Poll + Data frame that the terminal A 201
is performing communicétion by the RD scheme. The
transmission/reception state management unit 108
extracts transmission data buffered in the transmission
queue 106, and transfers the data to the frame
generation/transmission processing‘unit 104, together
with the TXOP allocation time and the bitmap (step 2104
in FIG. 11).

The frame generation/transmission processing unit
104 generates the BlockAck frame 310 with respect to
the Data 1-A 305, Data 2-A 306, Data 3-A 307, and Data
4-A 308 transmitted from the terminal A 201 by using
the bitmap. The frame generation/transmission
processing unit 104 generates, from the transmission
data, the Data 1-B 312, Data 2-B 313, Data 3-B 314, and
Data 4-B 315 as data frames. The frame
generation/transmission processing unit 104 generates
the aggregation frame 311 by combining the Data 1-B

é
312, Data 2-B 313, Data 3-B 314, and Data 4-B 315.
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The frame generation/transmission processing unit
104 writes, as the value of NAV in the BlockAck frame
310, the value obtained by subtracting the transmission
start time of the BlockAck frame 310 and the time taken
for the transmission of the BlockAck frame 310 from the
end time of the NAV time.

The transmission start time of the BlockAck frame
310 is determined to be the SIFS time after the
reception completion time of the aggregation frame 304.
Therefore, the transmission start time of the BlockAck
frame 310 can be calculated from the time obtained from
the RTC 111.

The frame generation/transmission processing unit
104 writes the value obtained by sﬁbtracting the
transmission start time of the aggregation frame 311
and the time taken for the transmission of the
aggregation frame 311 f?om the end time of the NAV
time, as the value of NAV, in each of the Data 1-B 312,
Data 2-B 313, Data 3-B 314, and Data 4-B 3165.

The transmission start time of the aggregation
frame 311 is determined to be the SIFS time after the
reception completion time of the aggregation frame 304.
Therefore, the transmission start time of the
aggregation frame 311 can be calculated from the time
obtained from the RTC 111 (step 2105 in FIG. 11).

Steps 2106 to 2109 following this operation are

¢
the same as steps 106 to 109 in FIG. 4.
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(1-4-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal A)

The reception processing unit 105 of the terminal
A 201 which has received an HTP burst frame generates a
bitmap indicating acknowledgement from the reception
success/failure status of each of the Data 1-B 312,
Data 2-B 313, Data 3-B 314, and Data 4-B 315, and
transfers the bitmap to the transmission/reception’
state management unit 108 (step 2012 in FIG. 10).

The transmission/reception state management unit
108 extracts transmission data buffered in the
transmission queue 106, and transfers the data to the
frame generation/transmission processing unit 104,
together with the TXOP allocation time received from
the transmission/reception method determination unit
107 and the bitmap received from the reception
processing unit 105 (stép 2013 in FIG. 10).

The frame generation/transmission processing unit
104 generates the BlockAck frame 317 with respect to
the Data 1-B 312, Data 2-B 313, Data 3-B 314, and Data
4-B 315 transmitted from the terminal B 202 by using
the received bitmap. The frame generation/transmission
processing unit 104 generates, from the transmission
data, the aggregation frame 318 including the Data 5-A
319 as a QoS Cf-Poll + Data frame and the Data 5-A 319,
Data 6-A 320, Data 7-A 321, and Data 8-A 322 as data

¢
frames.
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At this time, the frame generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 317, the value obtained by subtracting
the transmission start time of the BlockAck frame 317
and the time taken for the transmission of the BlockAck
frame 317 from the end time of fhe NAV time. The frame
generation/transmission processing unit 104 writes the
TXOP allocation time in the Data 1-A 305 as a QoS Cf
Poll + Data frame. The transmission start time of the
BlockAck frame 317 is determined to be the SIFS time
after the reception completion time of the aggregation
frame 311. Therefore, the transmission start time of
the BlockAck frame 317 can be calculated from the time
obtained from the RTC 111.

The frame generation/transmission processing unit
104 writes the value obtained by subtracting the
transmission start time’of the aggregation frame 318
and the time taken for the transmission of the
aggregation frame 318 from the end time of the NAV
time, as the value of NAV, in each of the Data 5-A 319,
Data 6-A 320, Data 7-A 321, and Data 8-A 322. The
transmission start time of the aggregation frame 318 is
determined to be the SIFS time after the reception
completion time of the aggregation frame 311.
Therefore, the transmission start time of the
aggregation frame 318 can be calculated from the time

]
obtained from the RTC 111 (step 2014 in FIG. 10).
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Steps 2015 to 2018 following this operation are
the same as steps 15 to 18 in FIG. 3.
(1-4-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)

The reception processing unit 105 of the terminal
B 202 which has received an HTP burst frame generates a
bitmap indicating acknowledgement from the reception
success/failure status of each of the Data 5-A 319,
Data 6-A 320, Data 7-A 321, and Data 8-A 322. The
reception processing uﬁit 105 transfers, to the
transmission/reception state management unit 108, a
value indicating the reception of the QoS Cf-Poll +
Data frame, the TXOP allocation time written in the
Data 5-A 319, and the generated bitmap (step 2110 in
FIG. 11).

The transmission/reception state management unit
108 extracts transmissiﬁn data buffered in the
transmission queue 106, and transfefs the data to the
frame generation/transmission processing unit 104,
together with the bitmap received from the reception
processing unit 105 (step 2111 in FIG. 11).

The frame generation/transmission processing unit
104 generates the BlockAck frame 324 with respect to
the Data 5-A 319, Data 6-A 320, Data 7-A 321, and Data
8-A 322 transmitted from the terminal A 201 by using
the bitmap. The frame generation/transmission

]
processing unit 104 also generates, from the
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transmission. data, the Data 5-B 326, Data 6-B 327, Data
7-B 328, and Data 8-B 329 as data frames. The frame
generation/transmission processing unit 104 then
generates the aggregation frame 325 by combining

the Data 5-B 326, Data 6-B 327, Data 7-B 328, and Data
8-B 329.

At this time, the frame generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 324, the value obtained by subtracting
the transmission start time of the BlockAck frame 324
and the time taken for the transmission of the BlockAck
frame 324 from the end time of the NAV time.

The transmission start time of the BlockAck frame
324 is determined to be the SIFS time after the
reception completion time of the aggregation frame 318.
Therefore, the transmission start time of the BlockAck
frame 324 can be calcuiated from the time obtained from
the RTC 111.

The frame generation/transmission processing unit
104 writes the value obtained by subtracting the
transmission start time of the aggregation frame 325
and the time taken for the transmission of the
aggregation frame 325 from the end time of the NAV
time, as the value of NAV, in each of the Data 5-B 326,
Data 6-B 327, Data 7-B 328, and Data 8-B 329. The
transmission start time of the aggregation frame 325 is

*
determined to be the SIFS time after the reception
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completion time of the aggregation frame 318.
Therefore, the transmission start time of the
aggregation frame 325 can be calculated from the time
obtained from the RTC 111 (step 2112 in FIG. 11).

Steps 2113 to 2116 following this operation are
the same as steps 113 to 116 in FIG. 4.
(1-4-7. Reception of HTP Burst Frame and Transmission
of BlockAck Frame by Terminal A)

The reception processing unit 105 of the terminal
A 201 which has receivéd an HTP burst frame generates a
bitmap indicating acknowledgement from the reception
success/failure status of each of the Data 1-B 312,
Data 2-B 313, Data 3-B 314, and Data 4-B 315, and
transfers the bitmap to the transmission/reception
state management unit 108 (step 2019 in FIG. 10).

The transmission/reception state management unit
108 transfers the bitmaﬁ received from the reception
processing unit 105 to the frame
generation/transmission processing unit 104 (step 2020
in FIG. 10).

The frame generation/transmission processing unit
104 generates the BlockAck frame 331 with respect to
the Data 5-B 326, Data 6-B 327, Data 7-B 328, and Data
8-B 329 transmitted from the terminal B 202 by using
the received bitmap. The frame generation/transmission
processing unit 104 writes, as the value of NAV in the

(4

BlockAck frame 331, the value obtained by subtracting
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the transmission start time of the BlockAck frame 331
and the time taken for the transmission of the BlockAck
frame 331 from the end time of the NAV time. The
transmission start time of the BlockAck frame 331 is
determined to be the SIFS time after the reception
completion time of the aggregation frame 325.
Therefore, the transmission start time of the BlockAck
frame 331 can be calculated from the time obtained'from
the RTC 111 (step 2021 in FIG. 10).

Step 2021 followiﬁg this operation is the same as
step 22 in FIG. 3.

(1-4-8. End of TXOP Allocation Time)

When the NAV time expires, the band reservation is
released, and the bi-directional communication between
the terminal A 201 and the terminal B 202 is
terminated. When this bi-directional communication is
to be further performed; the above processing is
performed again from the sequence of "1-1" after the
lapse of the AIFS + Backoff time since the release of
the band reservation.

As described above, the end time of the NAV time
is recorded in advance by usiﬁg the time information
obtained from the RTC 111, and the value obtained by
subtracting the transmission start time of a frame from
the self terminal and the time taken for the
transmission of the frame from the recorded time is set

[
as the value of NAV to be written in the frame to be
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transmitted from the self terminal. This allows the
terminal to reliably recognize the end of the NAV time
even in the presence of an error in a control frame or
data frame received from the remote terminal.

(Fourth Modification of First Embodiment)

FIG. 12 is a timing chart in a case wherein a
BlockAckRequest having a BAR (BlockAckRequest) frame
attached to the end of an aggregation frame of data
frames is used as‘a BlockAck scheme unlike in the first
embodiment. |

In this modification, a BAR frame 3309 is
transmitted the RIFS time after the transmission of an
aggregation frame 3304 in the first embodiment. During
this period, the frame generation/transmission
processing unit 104 changes the transmission rate from
the second transmission rate, at which the aggregation
frame 3304 has been traﬁsmitted, to the first
transmission rate. The frame generation/transmission
processing unit 104 transmits the BAR frame 3309 at the
first transmission rate.

The frame generation/transmission processing unit
104 transmits each of BAR frames 3316, 3323, and 3330
at the first transmission rate the RIFS time after the
transmission of a corresponding one of aggregation
frames 3311, 3318, and 3325 at the second transmission
rate.

[3
Note that an HTP burst frame in this modification
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is comprised.of three PHY frames with the RIFS times
set therebetween. That is, in this modification, an
HTP burst frame 3352 transmitted from a terminal A 3201
has the BAR frame 3323 behind the HTP burst frame 352
shown in FIG. 2 with the RIFS time set therebetween.

An HTP burst frame 3351 transmitted from a terminal B
3202 has the BAR frame 3316 behind the HTP burst frame
351 shown in FIG. 2 with the RIFS time set
therebetween.

Assume that if thé terminal B 3202 is designed to
execute the setup of the RD scheme by association or
management frame exchange, the terminal knows that the
terminal A 3201 will transmit three PHY frames with the
RIFS times set therebetween after fhe first aggregation
frame 3304.

Alternatively, when the terminal A 3201 is to
operate as a base statién, if the RD scheme is to be
used, information indicating that the terminal A 3201
will transmit three PHY frames with the RIFS times set
therebetween after the first aggregation frame 3304 may
be written in a beacon frame transmitted from the
terminal A 3201.

In this case, the reception processing unit 105 of
the terminal A 3201 waits for three PHY frames with the
RIFS times set between the respective PHY frames after
step 11 in FIG. 3. 1In addition, the reception

¢
processing unit 105 of the terminal A 3201 waits for
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three PHY frames with the RIFS times set between the
respective PHY frames after step 103 in FIG. 4. As
described above, control frames including BAR frames
are transmitted at a low transmission rate, and data
frames are transmitted at a high transmission rate.
Transmission at a low transmission rate can suppress
the occurrence of transmission errors due to noise and
the like. Transmission at a high transmission rate
makes it possible to perform high-speed transmission.
This makes it possible‘to satisfy both the requirement
to suppress responders from issuing retransmission
requests due to failures of reception of control frames
including BAR frames and the requirement to realize
high-speed transmission of data frames.

(Second Embodiment)

FIG. 13 is a timing chart in the second
embodiment. Note that é terminal A 4201 operates in
accordance with the flowchart associated with the
operation of the terminal A 201 in the first embodiment
shown in FIG. 3, and a terminal B 4202 operates in
accordance with the flowchart associated with the
operation of the terminal B 202 in the first embodiment
shown in FIG. 4.

The first embodiment has exemplified the case
wherein the length of the time from the completion of
the transmission of each of the RTS frame 301

]
transmitted from the terminal A 201 and the CTS frame
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303 transmitted from the terminal B 202 to the end of
the TXOP allocation period in the RD scheme which is
started by the terminal A 201 is written as the wvalue
of NAV in each frame.

In this embodiment, the value of NAV to be written
in an RTS frame from a sender is the value of the time
from the first aggregation frame transmitted by the
sender to the completion of the transmission of a
BlockAck frame returned by a receiver in response to
the aggregation frame.. An arrangement will be
described below, in which the self terminal transmits a
BlockAck frame and then transmits an aggregation frame
of data frames the RIFS time after the BlockAck frame,
and an NAV time 4361 is prolonged by the value of NAV
written in a BlockAck frame every time the BlockAck
frame is received with respect to the aggregation
frame. _

(2-1-1. Transmission of RTS Frame from Terminal A)

Steps 1 and 2 in FIG. 3 remain unchanged.

The length of the NAV time 4361 determined in step
3 is, unlike the first embodiment, the time from the
start of the transmission of an RTS frame 4301 to the
completion of the reception of a BlockAck frame 4310
transmitted by the terminal B 4202.

Steps 4 to 6 remain unchanged.
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(2-1-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B)

Steps 4101 and 4102 in FIG. 4 remain unchanged.
(2-1-3. Reception of CTS Frame and Transmission of
Aggregation Frame by Terminal A)

Steps 7 to 11 in FIG. 3 remain unchanged.

(2-1-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)

Steps 103 and 104 in FIG. 4 remain unchangéd.

In step 105, a fréme generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 4310, the value obtained by adding the
RIFS time, the time taken for the transmission of an
aggregation frame 4311, the SIFS time, and the time
taken for the next transmission of a BlockAck frame
4317 from the terminal A 4201. This value of NAV
indicates the length of_the time from the completion of
the transmission of the BlockAck frame 4310 to the
completion of the next transmission of the BlockAck
frame 4317 from the terminal A 4201.

Steps 106 to 109 remain unchanged.

When the reception of the BlockAck frame 4310 is
complete, a terminal C 203 inhibits itself from
performing communication by using the band used for the
bi-directional communication between the terminal A
4201 and the terminal B 4202 for only the time

¢
indicated by the value of NAV written in the BlockAck
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frame 4310.

Subsequently, the length of the time from the end
time of a band reservation defined by the value of NAV
in the RTS frame 4301 to the end time of a band
reservation defined by the value of NAV written in the
BlockAck frame 4310 is set as an NAV extra time 4362.
(2-1-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal A)

Steps 12 and 13 in FIG. 3 remain unchanged.

In step 14, the ffame generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 4317, the value obtained by adding the
RIFS time, the time taken for the transmission of an
aggregation frame 4318, the SIFS time, and the time
taken for the next transmission of a BlockAck frame
4324 from the terminal B 4202. This value of NAV
indicates the length of‘the time from the completion of
the transmission of the BlockAck frame 4317 to the
completion of the next transmission of the BlockAck
frame 4324 from the terminal B 4202.

Steps 15 to 18 remain unchanged.

In this case, when the reception of the BlockAck
frame 4317 is complete, the terminal C 203 inhibits
itself from performing communication by using the band
used for the bi-directional communication between the
terminal A 4201 and the terminal B 4202 for only the

¢
time indicated by the value of NAV written in the
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BlockAck frame 4317.

Subsequently, the length of the time from the end
time of a band reservation defined by the value of NAV
in the BlockAck frame 4310 to the end time of a band
reservation defined by the value of NAV written in the
BlockAck frame 4317 is set as an NAV extra time 4363.
(2-1-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B) :

Steps 110 and 111 remain unchanged.

In step 112, the frame generation/transmission
processing unit 104 writes, as the value of NAV in the
BlockAck frame 4324, the value obtained by adding the
RIFS time, the time taken for the transmission of the
aggregation frame 325, the SIFS time, and the time
taken for the next transmission of the BlockAck frame
4331 from the terminal A 4201. This value of NAV
indicates the length of the time from the completion of
the transmission of the BlockAck frame 4324 to the
completion of the next transmission of a BlockAck frame
4331 from the terminal A 4201.

Steps 113 to 116 remain unchanged.

When the reception of the BlockAck frame 4324 is
complete, the terminal C 203 inhibits itself from
performing communication by using the band used for the
bi-directional communication between the terminal A
4201 and the terminal B 4202 for only the time

]

indicated by the value of NAV written in the BlockAck
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frame 4324.

Subsequently, the length of the time from the end
time of a band reservation defined by the value of NAV
in the BlockAck frame 4317 to the end time of a band
reservation defined by the value of NAV written in the
BlockAck frame 4324 is set as én NAV extra time 4364.
(2-1-7. Reception of HTP Burst Frame and Transmission
of BlockAck Frame by Terminal A)

Steps 19 and 20 in FIG. 3 remailn unchanged.

In step 21, the ffame generation/transmission
processing unit 104 writes 0 as the value of NAV. This
value of NAV indicates the release of the band
reservation, i.e., the end of the NAV time 4361. Step
22 remains unchanged.

As described above, in this embodiment, the
initially set NAV time can be prolonged by the NAV
extra time at a time. —

Note that in this embodiment, the value of NAV
needs to be shorter than the predetermined maximum
limit (TXOP limit) of the NAV time.

When the value of NAV of only a terminal A 4201 is
to be monitored so as not to exceed the TXOP limit, for
example, the following operation is performed. A TXOP
allocation limit time is written in a QoS control field
of a Data 1-A 4319 as a QoS Cf-Poll + Data frame
transmitted by the terminal A 4201. The terminal B

é
4202 determines the amount of data to be transmitted by
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itself as the upper limit of the value obtained by
adding the time taken for the transmission of an
aggregation frame of data frames, the SIFS time, and
the time taken for the transmission of a BlockAck
frame. If the sum of the value of NAV written in the
BlockAck frame 4317 and the TXOP allocation limit time
is longer than the length of the time from the
completion of the transmission of the BlockAck frame
4317 to the TXOP limit, the TXOP allocation limit time
is shortened and adjusted such that the value obtained
by adding the time taken for the transmission of an HTP
burst frame 4353 from the terminal B 4202, the SIFS
time, and the time taken for the transmission of the
BlockAck frame 4331 becomes shorter than the remaining
time to the TXOP limit. Alternatively, only when the
value obtained by adding the value of NAV written in
the BlockAck frame 4317-and the TXOP allocation limit
time is longer than the length of the time from the
completion of the transmission of the BlockAck frame
4317 to the TXOP limit, the terminal A 4021 may
transmit an HTP burst frame 4352.

When a terminal B 4202 is to monitor the value of
NAV so as to prevent it from exceeding the TXOP limit,
for example, the following operation is performed. The
terminal A 4201 and the terminal B 4202 each reduce the
data amount of an aggregation frame of HTP burst frames

¢

such that the value obtained by adding the time taken
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for the transmission of the HTP burst frame from the
self terminal, the SIFS time, and the time taken for
the transmission of a BlockAck frame with respect to
each data frame included in the HTP burst frame becomes
shorter than the remaining time to the TXOP limit.
(Third Embodiment) |

FIG. 14 is a timing chart according to the third
embodiment. Note that a terminal A 5201 operates in
accordance with the flowchart associated with the
operation of the terminél A 201 in the first embodiment
shown in FIG. 3, and a terminal B 5202 operates in
accordance with the flowchart associated with the
operation of the terminal B 202 in the first embodiment
shown in FIG. 4.

This embodiment will exemplify an arrangement in
which the value of NAV to be written in an RTS frame
5301 from the terminal A—5201 is the value of the
length of the time taken for the completion of the
transmission of a BlockAck frame 5324 to be returned
after the reception of an HTP burst frame 5352 by the
terminal B 5202.

(3-1-1. Transmission of RTS Frame from Terminal A)

Steps 1 and 2 remain unchanged.

Unlike in the first embodiment, the length of an
NAV time 5361 determined in step 3 is equal to the sum
of 5 x SIFS time, the time taken for the transmission

*
of a CTS frame 5303, the time taken for the



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

76

transmission of an aggregation frame 5304 from the
terminal A 5201, the time taken for the transmission of
an HTP burst frame 5351 from the terminal B 5202, the
time taken for the transmission of the HTP burst frame
5352 from the terminal A 5201, and the time taken for
the transmission of the BlockAck frame 5324 from the
terminal B 5202. This value 1s written as the value of
NAV in the RTS frame 5301. This value of NAV indicates
the length of the time from the completion of the
transmission of the RTSbframe 5301 to the completion of
the transmission of the second BlockAck frame 5324 from
the terminal B 5202.

Steps 4 to 6 in FIG. 3 remain unchanged.
(3-1-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B)

Steps 101 and 102 remain unchanged.
(3-1-3. Reception of CfS Frame and Transmission of
Aggregation Frame by Terminal A)

Steps 7 to 11 remain unchanged.
(3-1-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)

Steps 103 to 109 remain unchanged.
(3-1-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal A)

Steps 12 and 13 remain unchanged.

In step 14, a frame generation/transmission

¢
processing unit 104 writes, as the value of NAV in a
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BlockAck frame 5317, the value obtained by adding the
RIFS time, 2 x SIFS time, the time taken for the
transmission of an aggregation frame 5318, the time
taken for the transmission of an HTP burst frame 5353,
and the time taken for the transmission of a BlockAck
frame 5331. This value of NAV indicates the length of
the time from the completion of the transmission of the
BlockAck frame 5317 to the completion of the next
transmission of the BlockAck frame 5331 from the
terminal A 5201.

Steps 15 to 18 remain unchanged.

When the reception of the BlockAck frame 5317 is
complete, a terminal C 5203 and a terminal D 5204 each
inhibit itself from performing communication by using
the band used for the bi-directional communication
between the terminal A 5201 and the terminal B 5202 for
only the time indicated-by the value of NAV written in
the BlockAck frame 5317.

Subsequently, the length of the time from the end
time of a band reservation defined by the value of NAV
in an RTS frame 5301 to the end time of a band
reservation defined by the value of NAV written in the
BlockAck frame 5317 is an NAV extra time 5362.

(3-1-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)
Steps 110 and 111 remain unchanged.

)
In step 112, the frame generation/transmission
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processing unit 104 writes, as the value of NAV in the
BlockAck frame 5324, the value obtained by adding the
RIFS time, the time taken for the transmission of the
aggregation frame 5325, the SIFS time, and the time
taken for the next transmission of the BlockAck frame
5324 from the terminal A 5331. 'This value of NAV
indicates the length of the time from the completion of
the transmission of the BlockAck frame 5324 to the-
completion of the next transmission of the BlockAck
frame 5331 from the tefminal A 5201, and indicates the
remaining time to the end time of a band reservation
defined by the value of NAV written in the BlockAck
frame 5317.

Steps 113 to 116 remain unchanged.

(3-1-7. Reception of HTP Burst Frame and Transmission
of BlockAck Frame by Terminal A)

Steps 19 and 20 reﬁain unchanged.

In step 21, the frame generation/transmission
processing unit 104 writes 0 as the value of NAV. Step
22 remains unchanged.

As described above, both the terminal A 5201 and
the terminal B 5202 notify that NAV is prolonged, until
the end of NAV started by RTS-CTS exchange. This makes
it possible to reliably notify even a terminal which
can receive only transmission waves from the terminal A
5201 or a terminal which can receive only transmission

L]
waves from the terminal B 5202 of the prolongation of
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NAV.
(Fourth Embodiment)

FIG. 15 is a timing chart according to the fourth
embodiment.

Note that a base station A 6201 operates in
accordance with the flowchart aésociated with the
operation of the terminal A 201 in the first embodiment
shown in FIG. 3, and a terminal B 6202 operates in’
accordance with the flowchart associated with the
operation of the termiﬂal B 202 in the first embodiment
shown in FIG. 4.

In this embodiment, as shown in FIG. 16, assume
that in this bi-directional communication, a wireless
communication system to which the terminal A 6201 and
the terminal B 6202 belong includes a terminal C 6203,
terminal D 6204, and terminal E 6205 to which
transmission data are nét addressed, in addition to the
terminal A 6201 and the terminal B 6202.

Assume that the terminal C 6203, terminal D 6204,
and terminal E 6205 can receive transmission waves from
the terminal A 6201 when the terminal A 6201 and the
terminal B 6202 start bi-directional communication.
That is, there is no hidden terminal with respect to
the terminal A 6201, i.e., no terminal which cannot
receive transmission waves from the terminal A 6201.
(4-1-1. Transmission of RTS Frame from Terminal A)

§
Steps 1 and 2 remain unchanged.
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The length of an NAV time 6361 determined in step
3 differs from that of the first embodiment. The value
obtained by adding the 4 x SIFS time, the time taken
for the transmission of an CTS frame 6303, the time
taken for the transmission of an Aggregation frame 6304
and a BlockAck frame 6317 transﬁitted by the terminal
6201, and the time taken for the transmission of an HTP
burst frame 6351 is written as the value of NAV in‘a
RTS frame 6301. This value of NAV indicates the length
of the time from the cdmpletion of the transmission of
the RTS frame 6301 to the completion of the next
transmission of the BlockAck frame 6317 from the
terminal A 6201.

Steps 4 to 6 remain unchanged;

(4-1-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B)

Steps 101 and 102 in FIG. 4 remain unchanged.
(4-1-3. Reception of CTS Frame and Transmission of
Aggregation Frame by Terminal A)

Steps 7 to 11 in FIG. 3 remain unchanged.

(4-1-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)

Steps 103 to 109 in FIG. 4 remain unchanged.
(4-1-5. Reception of HTP Burst Frame and Transmission
of HTP burst Frame by Terminal A)

Steps 12 and 13 in FIG. 3 remain unchanged.

]
In step 14, a frame generation/transmission
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processing unit 104 writes, as the value of NAV in a
BlockAck frame 6317, the value obtained by adding the
RIFS time, 2 x SIFS time, the time taken for the
transmission of an aggregation frame 6318, the TXOP
allocation time written in Data 5-A 6319, and the time
taken for the transmission of é BlockAck frame 6331.
This value of NAV indicates the length of the time from
the completion of the transmission of the BlockAck:
frame 6317 to the completion of the transmission of the
BlockAck frame 6331 frém the terminal A 6201.

Steps 15 to 18 in FIG. 3 remain unchanged.

When the reception of the BlockAck frame 6317 is
complete, the terminal C 6203, the terminal D 6204, and
the terminal E 6205 each inhibit itself from performing
communication by using the band used for bi-directional
communication between the terminal A 6201 and the
terminal B 6202 for onl§ the time indicated by the
value of NAV written in the BlockAck frame 6317.

Assume that the length of the time from the end
time of a band reservation defined by the value of NAV
in an RTS frame 4301 to the end time of a band
reservation defined by the value of NAV written in the
BlockAck frame 6317 is an NAV extra time 6362.

(4-1-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)

Steps 110 to 116 in FIG. 4 remain unchanged.
¢
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(4-1-7. Reception of HTP Burst Frame and Transmission
of BlockAck Frame by Terminal A)

Steps 19 to 22 in FIG. 3 remain unchanged.

As described above, the base station A 6201
transmits the BlockAck frame 6317 for prolonging the
NAV by the time when the NAV started by RTS-CTS
exchange ends.

The NAV time defined in advance continues until
all the terminal C 6203, terminal D 6204, and terminal
E 6205 can receive traﬁsmission waves from the base
station A 6201, and the base station A 6201 completes
the transmission of the BlockAck frame 6317 and
notifies all the terminals of the prolongation of the
NAV. Even in a system including the base station A
6201, therefore, the NAV time can be prolonged without
any interruption.

Note that when the_NAV is to be prolonged, the
base station A 6201 makes an adjustment to prevent the
end time of the NAV extra time from exceeding TXOP
limit.

In this embodiment, the base station A 6201 is
referred to as a base station. However, the base
station A 6201 may be a terminal on the assumption that
there is no hidden terminal.

(Fifth Embodiment)
FIG. 17 is a timing chart according to the fifth

[}
embodiment. FIG. 18 is a flowchart associated with the



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

83

operation of .a terminal A 7201. FIG. 19 is a flowchart
associated with the operation of a terminal B 7202.

Assume that the terminal A 7201 is located at the
same position as that of the terminal A 201 in FIG. 5,
and the terminal B 7202 is located at the same position
as that of the terminal B 202 in FIG. 5.

In this embodiment, the arrangement of the first
embodiment is changed such that when the terminal B
7202 does not spend the entire TXOP allocation time
allocated by the termiﬁal A 7201, the start of bi-
directional communication is quickened by the unspent
time.

(5-1-1. Transmission of RTS Frame from Terminal A)

Steps 7001 to 7006 in FIG. 18 are the same as
steps 1 to 6 in FIG. 3.

(5-1-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B) ’

Steps 7101 and 7102 in FIG. 19 are the same as
steps 101 and 102 in FIG. 4.

(5-1-3. Reception of CTS Frame and Transmission of
Aggregation Frame by Terminal A)

Steps 7007 to 7011 in FIG. 18 are the same as
steps 7 to 11 in FIG. 3.

(5-1-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)
Steps 7103 and 7104 in FIG. 19 are the same as

]
steps 103 and 104 in FIG. 4.
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In step-7105, a frame generation/transmission
processing unit 104 generates Data 1-B 7312, Data 2-B
7313, and Data 3-B 7314 from transmission data.

It should be noted that the TXOP allocation time
is equal to the sum of the RIFS time, the SIFS time,
the time taken for the transmission of a BlockAck
frame, and the time taken for the transmission of four
data frames, but the terminal B 7202 generates only
three data frames, i.e., the Data 1-B 7312, Data 2-B
7313, and Data 3-B 7314. For example, this is a case
wherein the terminal B 7202 does not have transmission
data addressed to the terminal A 7201 which is large
enough in amount to generate four data frames in a
transmission queue 106.

The frame generation/transmission processing
unit 104 generates an aggregation frame 7311 by
combining the Data 1-B %312, Data 2-B 7313, and Data
3-B frame 7314.

The frame generation/transmission processing unit
104 writes, as the value of NAV in a BlockAck frame
7310, the value obtained by adding the RIFS time, the
time taken for the transmission of the aggregation
frame 7311 including three data frames (i.e., the time
taken for the transmission of three data frames), the
SIFS time, and the time taken for the next transmission
of a BlockAck frame 7317 from the terminal A 7201.

¥
This value of NAV indicates the length of the time from
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the completion of the transmission of the BlockAck
frame 7310 to the completion of the transmission of the
BlockAck frame 7317 from the terminal A 7201.

Steps 7106 to 7109 in FIG. 19 are the same as
steps 106 to 109 in FIG. 4.

In this case, even if a términal C 7204 receives
the BlockAck frame 7310, the terminal does not perform
communication by using the corresponding transmission
band until the end of an NAV time 7361 defined by RTS
CTS frame exchange or fhe reception of a Cf-end frame
7332 (to be described later) regardless of the value of
NAV written in the BlockAck frame 7310.

(5-1-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal A)

Steps 7012 to 7018 in FIG. 18 are the same as
steps 12 to 18 in FIG. 3.

In this case, if the value of NAV written in the
BlockAck frame 7310 transmitted from the terminal B
7202 is shorter than the remaining time to the end time
of the NAV time 7361 equivalent to the TXOP allocation
time, the terminal A 7201 knows that the TXOP
allocation time written in Data 1-A 7305 remains
unspent by the corresponding amount.

(5-1-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)
Steps 7101 to 7110 in FIG. 19 are the same as

¢

steps 101 to 110 in FIG. 4.
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In step 7111, a transmission/reception state
management unit 108 prepares data frames to be
retransmitted by determining from the bitmap in the
BlockAck frame 7317 whether there are any data frames
to be retransmitted, and then performs processing of
extracting new transmission data from the transmission
queue 106. In this case, since there is no
transmission data addressed to the terminal A 7201 1in
the transmission queue 106, the transmission/reception
state management unit 108 transfers a bitmap for
notifying acknowledgement to the frame
generation/transmission processing unit 104, and
notifies that there is no transmission data addressed
to the terminal A 7201.

In step 7112, the frame generation/transmission
processing unit 104 generates a BlockAck frame 7324 .
with respect to Data S—A 7319, Data 7-A 7320, Data 6-A
7321, and Data 8-A 7322 transmitted from the terminal A
7201 by using the bitmap. The frame
generation/transmission processing unit 104 has been
notified that there is no transmission data addressed
to the terminal A 7201, and hence generates a QoS Null
frame 7326 for notifying the terminal A 7201 that there
is no transmission data addressed to the terminal A
7201. The frame generation/transmission processing
unit 104 writes, as the value of NAV in the BlockAck

é
frame 7324, the value obtained by adding the RIFS time,
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the time taken for the transmission of the QoS Null
frame 7326, the SIFS time, and the time taken for the
next transmission of the Ack frame 7331 from the

terminal A 7201. This value of NAV indicates the

" length of the time from the completion of the

transmission of the BlockAck frame 7324 to the
completion of the transmission of a Ack frame 7331 from
the terminal A 7201.

The frame generation/transmission processing unit
104 writes, as the valﬁe of NAV in the QoS Null frame
7326, the value obtained by subtracting the RIFS time
and the time taken for the transmission of the QoS Null
frame 7326 from the value of NAV written in the
BlockAck frame 7324. This value of NAV indicates the
length of the time from the completion of the
transmission of the QoS Null frame 7326 to the
completion of the next £ransmission of the Ack frame
7331 from the terminal A 7201.

Steps 7113 to 7116 in FIG. 19 are the same as
steps 113 to 116 in FIG. 4 except that the transmission
aggregation frame is replaced with a QoS Null frame.
(5-1-7. Reception of HTP Burst Frame and Transmission
of BlockAck Frame by Terminal A)

The reception processing unit 105 of the terminal
A 7201 which has received two PHY frames with the RIFS
time set therebetween, i.e., an HTP burst frame 7353,

é !
transfers a transmission request for the BlockAck frame
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7331 to the transmission/reception state management
unit 108 when normally receiving the QoS Null frame
7326 (step 7019 in FIG. 18).

The transmission/reception state management unit
108 transfers the transmission request for the Ack
frame 7331 to the frame generafion/transmission
processing unit 104 (step 7020 in FIG. 18).

The frame generation/transmission processing unit
104 generates the Ack frame 7331 with respect to the
QoS Null frame 7326 trénsmitted from the terminal B
7202 in accordance with the received transmission
request. The frame generation/transmission processing
unit 104 generates the CfQénd frame 7332 for forced
termination of the NAV time (step 7021 in FIG. 18).

The frame generation/transmission processing unit
104 starts transmitting a generated HTP burst frame
7354 the SIFS time afte£ the completion of the
reception of the HTP burst frame 7353 transmitted from
the terminal B 7202 by a reception processing unit 105.

The transmission of the HTP burst frame 7354 will
be described in detail. First of all, the transmission
of the Ack frame 7331 is started (step 22 in FIG. 18).
Assume that the transmission rate of the Ack frame 7331
is the first transmission rate.

The frame generation/transmission processing unit
104 transmits the Cf-end frame 7332 at the first

é
transmission rate, which is the same as the
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transmission rate of the Ack frame 7331, the RIFS time
after the completion of the transmission of the Ack
frame 7331 (step 23 in FIG. 18).

A terminal C 7203 receives the Cf-end frame 7332
to know that the band reservation for the terminal A
7201 is released and the band can be used.

When this bi-directional communication is to be
further performed or communication with another
terminal is performed, the above processing is
performed again from the sequence of "1-1-1" after the
lapse of the AIFS + Backoff time.

As described above, in this embodiment, if the
terminal B 7202 cannot spend the entire TXOP allocation
time allocated by the terminal A 7201, the start of bi-
directional communication can be quickened by the
unspent time. In addition, the terminal B 7202 can be
notified that there is ﬁo transmission data addressed
to the terminal A 7201.

This makes it possible to gquickly terminate bi-
directional communication without making the unspent
time in the terminal B 7202 become a wastefﬁl time
during which no transmission/reception is performed.

According to this embodiment, in step 116, the QoS
Null frame 7326 is transmitted. However, if the
terminal A 7201 can be notified through any frame that
the transmission queue 106 of the terminal B 7202 has

]
no transmission data addressed to the terminal A 7201,
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the QoS Null frame 7326 can be replaced by another kind
of frame. For example, an agreement can be made such
that when the value of NAV written in the BlockAck
frame 7324 is 0, the terminal A 7201 regards that the
terminal B 7202 does not have any transmission data
addressed to the terminal A 7201.

In addition, in order to guarantee the reception
of the Cf-end frame 7332 for a terminal which conforms
to only the IEEE 802.1la/b/g/e specifications, the Ack
frame 7331 and the Cf—eﬁd frame 7332 may be transmitted
at an interval of the SIFS time instead of being
transmitted as HTP burst frames at an interval of the
RIFS time.

Alternatively, the above arrangement may be
modified to transmit the Cf-end frame 7332 the SIFS
time after the completion of the reception of the HTP
burst frame 7353 from tﬂe terminal B 7202 by the
reception processing unit 105 without transmitting the
Ack frame 7331. In this case, assume that the terminal
B 7202 regards that the HTP burst frame has been
transmitted, and bi-directional communication is
terminated when the Cf-end frame 7332 1is received. In
this case, there is no need to transmit the Ack frame
7331 with respect to the QoS Null frame 7326, and the
Cf-end frame 7332 is singly transmitted instead of the
HTP burst frame 7354.

¢
According to this embodiment, the transmission
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rate is changed from the first transmission rate to the
second transmission rate during the RIFS time after the
completion of the transmission of the Ack frame 7331
from the terminal A 7201. However, the Cf-end frame
7332 may be transmitted at the first transmission rate.
(Sixth Embodiment)

FIG. 20 is a timing chart according to the sixth
embodiment. FIG. 21 is a flowchart associated with the
operation of a terminal A 8201.

Assume that a terminal B 8202 operates in
accordance with the flowchart of the operation of the
terminal B 7202 in the fifth embodiment.

Assume aiso that the terminal A 8201 is located at
the same position as that of the terminal A 201 in
FIG. 5, and the terminal B 8202 is located at the same
position as that of the terminal B 202 in FIG. 5.

In this embodimenf, the arrangement of the second
embodiment is changed such that when the terminal B
8202 does not spend the entire TXOP allocation time
allocated by the terminal A 8201, the start of bi-
directional communication is quickened by the unspent
time.

(6-1-1. Transmission of RTS Frame from Terminal A)

Steps 8001 and 8002 in FIG. 21 are the same as
steps 7001 and 7002 in FIG. 18.

The length of an NAV time 8361 determined in step

é
8003 is the same as in the second embodiment.
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Steps 8004 to 8006 in FIG. 21 are the same as
steps 7004 to 7006 in FIG. 18.

(6-=1-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B)

Steps 7101 and 7102 in FIG. 19 remain unchanged.
(6-1-3. Reception of CTS Frame.and Transmission of
Aggregation Frame by Terminal A)

Steps 8007 to 8011 in FIG. 21 are the same as’
steps 7008 to 7011 in FIG. 18.

(6-1-4. Reception of Aggregation Frame and
Transmission of HTP Burst Frame by Terminal B)

Steps 7103 and 7104 in FIG. 19_remain unchanged.

In step 7105, the frame generation/transmission
processing unit 104 generates Data 1-B 8312, Data 2-B
8313, and Data 3-B 8314 from transmission data.

It should be noted that the TXOP allocation time
is equal to the sum of éhe RIFS time, the SIFS time,
the time taken for the transmission of a BlockAck
frame, and the time taken for the transmission of four
data frames, but the terminal B 8202 generates only
three data frames, i.e., the Data 1-B 8312, Data 2-B
8313, and Data 3-B 8314. For example, this is a case
wherein the terminal B 8202 does not have transmission
data addressed to the terminal A 8201 which 1s large
enough in amount to generate four data frames in a
transmission queue 106.

é
A frame generation/transmission processing unit



WO 2006/134704 PCT/JP2006/306985

10

15

20

25

93

104 generates an aggregation frame 8311 by combining
the Data 1-B 8312, Data 2-B 8313, and Data 3-B 8314.

The frame generation/transmission processing unit
104 writes, as the wvalue of NAV in a BlockAck frame
8310, the value obtained by adding the RIFS time, the
time taken for the transmissioﬁ of the aggregation
frame 8311 (i.e., the time faken for the transmission
of three data frames), the SIFS time, and the time’
taken for the next transmission of a BlockAck frame
8317 from the terminal.A 8201. This value of NAV
indicates the length of the time from the completion of
the transmission of the BlockAck frame 8310 to the
completion of the next transmission of the BlockAck
frame 8317 from the terminal A 8201.

The frame generation/transmission processing unit
104 writes the value obtained by subtracting the RIFS
time and the time taken-for the transmission of an
aggregation frame 8311 from the value of NAV written in
the BlockAck frame 8310, as the value of NAV, in each
of the Data 1-B 8312, the Data 2-B 8313, the Data 3-B
8314, and Data 4-B 8315. This value of NAV indicates
the length of the time from the completion of the
transmission of the aggregation frame 8311 to the
completion of the transmission of the BlockAck frame
8317 from the terminal A 8201.

Steps 7106 to 7109 in FIG. 19 remain unchanged.

¢
Upon receiving the BlockAck frame 8310, a terminal
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C 8203 inhibits itself from performing communication by
using the band used for the bi-directional
communication between the terminal A 8201 and the
terminal B 8202 for the time indicated by the value of
NAV written in the BlockAck frame 8310 after the
completion of the reception of the BlockAck frame 8310.
That is, the band reservation is prolonged for the
terminal A 8201 with respect to the terminal C 8203.
(6-1-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by ferminal A)

Steps 8012 to 8018 in FIG. 21 are the same as
steps 7012 to 7018 in FIG. 18.

If the value of NAV written in the BlockAck frame
8310 transmitted from the terminal B 8202 is shorter
than the remaining time to the end of the TXOP
allocation time written in Data i—A 8305, the terminal
A 8201 knows that the TgOP allocation time written in a
BlockAck frame 8305 is left unspent by the
corresponding amount.
(6-1-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)

Steps 7110 and 7111 in FIG. 19 remain unchanged.

In step 7112, the frame generation/transmission
processing unit 104 generates a BlockAck frame 8324
with respect to Data 5-A 8319, Data 6-A 8320, Data 7-A
8321, and Data 8-A 8322.transmitted from the terminal A

¢
8201 by using a bitmap. The frame
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generation/transmission processing unit 104 generates a
QoS Null frame 8326.

The frame generation/transmission processing uqit
104 writes, as the wvalue of NAV in the Ack frame 8324,
the value obtained by adding the RIFS time, the time
taken for the transmission of the QoS Null frame 8326,
the SIFS time, and the time taken for the next
transmission of the Ack frame 8331 from the terminal A
8201. This value of NAV indicates the length of the
time from the completioﬁ of the transmission of the
BlockAck frame 8324 to the completion of the
transmission of an Ack frame 8331 from the terminal
A 8201.

The frame generation/transmission processing unit
104 writes, as the value of NAV in the QoS Null frame
8326, the value obtained by subtracting the RIFS time
and the time taken for fhe transmission of the QoS Null
frame 8326 from the value of NAV written in the
BlockAck frame 8324. This value of NAV indicates the
length of the time from the completion of the
transmission of the QoS Null frame 8326 to the
completion of the transmission of the Ack frame 8331
from the terminal A 8201.

Steps 7113 to 7115 in FIG. 19 remain unchanged.

In addition, a description of step 7116 will be
omitted because it remains unchanged except that the

¢
frame to be transmitted is replaced by the QoS Null
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frame 8326.
(6-1-7. Reception of HTP Burst Frame and Transmission
of Ack Frame by Terminal A)

Since steps 8019 and 8020 in FIG. 21 are the same
as steps 7019 and 7020 in FIG. 18, a description
thereof will be omitted.

The frame generation/transmission processing unit
104 generates the Ack frame 8331 with respect to the
QoS Null frame 8326 transmitted from the terminal B
8202 by uéing a receivéd bitmap (step 8021 in FIG. 20).

The frame generation/transmission processing unit
104 transmits the generated Ack frame 8331 the SIFS
time after the completion of the reception of an HTP
burst Frame 8353 from the terminal B 8202 by the
reception processing unit 105 (step 22 in FIG. 20).

According to this embodiment, there is no need to
transmit a Cf-end frame-8332 because an NAV extra time
8364 expires when the transmission of the Ack frame
8331 is complete.

When this bi-directional communication is to be
further performed, the above processing is performed
again from the sequence of "1-1-1" after the lapse of
the AIFS + Backoff time.

As described above, according to this embodiment,
even in the second embodiment, when the terminal B 8202
does not spend the entire TXOP allocation time

¢
allocated by the terminal A 8201, the start of
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bi-directional communication can be quickened by the
unspent time.

As a consequence, the end of bi-directional
communication can be quickened by the time unspent by
the terminal B 8202.

(Seventh Embodiment)

FIG. 22 is a timing chart according to the seventh
embodiment.

Assume that a base station A 9201 operates in
accordance with the flowchart of the operation of the
terminal A 7201 in the fifth embodiment shown in
FIG. 18, and a terminal B 9202 operates in accordance
with the flowchart of the operation of the terminal B
7202 in the fifth embodiment shown in FIG. 19. Assume
also that the base station A 9201 is located at the
same position-as that of the terminal A 201 in FIG. 5,
and the terminal B 9202’is located at the same position
as that of the terminal B 202 in FIG. 5.

In this embodiment, the arrangement of the fourth
embodiment i1s changed such that when the terminal B
9202 does not spend the entire TXOP allocation time
allocated by the base station A 9201, the start of bi-
directional communication is quickened by the unspent
time.

(7-1-1. Transmission of RTS Frame from Terminal A)

Steps 7001 and 7002 in FIG. 18 remain unchanged.

v
The length of an NAV time 9361 determined in step



10

15

20

25

WO 2006/134704 PCT/JP2006/306985

98

3 is the same as that in the fourth embodiment.

Steps 7004 to 7006 remain unchanged.

(7-1-2. Reception of RTS Frame and Transmission of CTS
Frame by Terminal B)

Steps 7101 and 7102 in FIG. 19 remain unchanged.
(7-1-3. Reception of CTS Framé and Transmission of
Aggregation Frame by Terminal A)

Steps 7007 to 7011 in FIG. 18 remain unchanged.
(7-1-4. Reception of Aggregation Frame and
Transmission of HTP Bufst Frame by Terminal B)

Steps 7103 to 7109 in FIG. 19 remain unchanged.
(7-1-5. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal A)

Steps 7012 and 7013 in FIG. 18 remain unchanged.

In step 7014, a frame generation/transmission
processing unit 104 writes, as the value of NAV in a
BlockAck frame 9317, thé value obtained by adding the
RIFS time, 2 x SIFS time, the time taken for the
transmission of an aggregation frame 9318, the TXOP
allocation time written in Data 5-A 9319, and the time
taken for the transmission of a BlockAck frame 9331,
thereby prolonging the band reservation.

Steps 7015 to 7018 in FIG. 18 remain unchanged.
(7-1-6. Reception of HTP Burst Frame and Transmission
of HTP Burst Frame by Terminal B)

Steps 7110 to 7115 in FIG. 19 remain unchanged.

¢
A description of step 7116 will also be omitted
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because it remains unchanged except that the frame to

be transmitted is replaced by a QoS Null frame 9326 as
in the fifth or sixth embodiment.

(7-1-7. Reception of HTP Burst Frame and Transmission
of Ack Frame by Terminal A)

Steps 7019 to 7024 in FIG. 18 remain unchanged.

Note that in this embodiment, since an NAV extra
time 9364 defined by the BlockAck frame 9317 continues
when the transmission of the Ack frame 9331 is
complete, a Cf-end framé 9332 must be transmitted.

As described above, according to this embodiment,
even in the fourth embodiment, when the terminal B 9202
does not spend the entire TXOP allocation time
allocated by the terminal A 9201, the start of bi-
directional communication can be quickened by the
unspent time.

As a consequence, éhe end of bi-directional
communication can be quickened by the time unspent by
the terminal B 9202.

(Eighth Embodiment)

The following description will be made with
reference to the timing chart according to the
fifth embodiment shown in FIG. 17. Assume, however,
that the BlockAck frame 7317 is replaced by a CTS-Self
frame 7317.

When a terminal A 7201 cannot normally receive an

¢
HTP burst frame 7351 transmitted from a terminal B
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7202, one of the following four states is set. This
embodiment will exemplify the manner of recovery from
each of such states in the fifth embodiment.

(1) When a carriér sense unit 109 does not detect Busy
in association with reception power in carrier sense
processing even after the lapse of the SIFS + l1-slot
time since the completion of the transmission of an
aggregation frame 7304 with which a QoS Cf-Poll + Data
frame 7305 is combined:

After it is monitored whether Busy is detected in
association with reception power by the time when the
SIFS + 1-slot time elapses since the completion of the
transmission of the aggregation frame 7304, the
aggregation frame 7304 with which fhe QoS Cf-Poll +
Data frame 7305 is combined is retransmitted.
Alternatively, a BlockAckRequest frame may be
transmitted. These opefations are the same as those
defined in IEEE 802.1le.

(2) When the carrier sense unit 109 does not detect
Busy in association with reception power in carrier
sense processing the RIFS time after a BlockAck frame
7310 is normally received:

After the terminal A 7201 completes the
transmission of a first aggregation frame 7304, it is
known in advance by management frame exchange or the
like that each terminal will transmit two PHY frames

¢
with the RIFS time set therebetween.
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For this reason, even if the carrier sense unit
109 of the terminal A 7201 is Idle in carrier sense
processing the RIFS time after the completion of the
reception of a BlockAck frame 7310, i.e., the first PHY
frame, the terminal B 7202 should have transmitted some
frame (an aggregation frame 7311 in this case) as the
second PHY frame.

In this case, according to a recovery method,'as
in the prior art, a frame to be retransmitted is
transmitted a PIFS time (SIFS + 1 slot) after the
reception of the BlockAck frame 7310 as the first PHY
frame by the terminal A 7201.

In this case, howevér, the frame retransmitted
from the terminal A 7201 collides Qith some frame
transmitted from the terminal B 7202.

This may be prevented by a technique of inhibiting
the terminal A 7201 froﬁ performing transmission for
only the TXOP allocation time allocated to the terminal
B 7202. According to this embodiment, in this case,
the length of an aggregation frame transmitted from the
terminal B 7202, the SIFS time, and the time taken for
the transmission of a BlockAck frame can be known from
the value of NAV which is written by the terminal B
7202 in the BlockAck frame 7310 after the terminal A
7201 receives the BlockAck frame 7310. For this
reason, the CTS-Self frame 7317 is transmitted after

¢
the lapse of the time indicated by the value of NAV
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written in the BlockAck frame 7310. Aggregation frames
7318 are transmitted the RIFS time after this
transmission. That is, the CTS-Self frame 7317 is
transmitted as part of the HTP burst frame 7352.

(3) When the carrier sense unit 109 detects Busy in
association with reception powe£ in carrier sense
processing the RIFS time after the normal reception of
a BlockAck frame 7310:

If the carrier sense unit 109 of the terminal A
7201 is Busy in carrier.sense processing the RIFS time
after the completion of the reception of the BlockAck
frame 7314, i.e., the first PHY frame, it is regarded
that when the carrier sense unit 109 shifts from Busy
to Idle, the transmission of some frame (the
aggregation frame 7311 in this case) transmitted from
the terminal B 7202 as the second PHY frame is
complete. '

In this case, therefore, after the carrier sense
unit 109 of the terminal A 7201 becomes Busy the RIFS
time after the completion of the reception of the
BlockAck frame 7310, i.e., the first PHY frame, the
transmission of the CTS—Self frame 7317 is started the
PIFS time after the carrier sense unit 109 becomes
Idle. A data frame or an aggregation frame is

transmitted the RIFS time after the completion of the -

_above transmission. That is, the CTS-Self frame 7317

¢
is transmitted as part of the HTP burst frame 7352.
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(4) When the carrier sense unit 109 detects Busy in
association with reception power in carrier sense
processing the SIFS time after the completion of the
transmission of an aggregation frame 7304 with which a
QoS Cf-Poll + Data frame 7305 is combined, but the
received frame cannot be normally read:

In this case, Busy is detected for only a time
corresponding to the transmission of the BlockAck frame
7310 after the lapse of the SIFS time since the
completion of the tranémission of an aggregation frame
7304 in accordance with an HTP burst frame 7351. Idle
is then detected for only the RIFS time, and Busy is
detected again. Since it is regarded that the time
point when Idle is detected next corresponds to the
time point when the transmission of the HTP burst frame
7351 is complete, the transmission of the CTS-Self
frame 7317 is started éfter the lapse of the PIFS time,
and Aggregation frames 7318 are transmitted the RIFS
time after the completion of the above transmission.
That is, the CTS-Self frame 7317 is transmitted as part
of the HTP burst frame 7352.

This recovery operation prevents a frame for
recovery operation transmitted from the terminal A 7201
from colliding with an HTP burst frame transmitted from
the terminal B 7202 in the RD scheme.

In addition, if the terminal B 7202 does not spend

L]
the entire TXOP allocation time allocated by the
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terminal A 7201, and the terminal A 7201 can receive
the BlockAck frame 7310, the start of bi-directional
communication is quickened by the unspent time.

Assume that a recovery technique like that in this
embodiment is combined with the fifth, sixth, and
seventh embodiments. In this case, even if the NAV set
by RTS-CTS frame exchange or a BlockAck frame expires
at the same time as the NAV set by the BlockAck frame
7314 from the terminal B 7202, since the CTS-Self frame
7317 is transmitted before or immediately after the
NAV, there is no chance that the NAV has expired. This
makes it possible to prevent frames transmitted from
the terminal A 7201 and terminals other than the
terminal B 7202 from colliding with each other.

(Ninth Embodiment)

The ninth embodiment will be described below with
reference to the timing‘Chart according to the third
embodiment shown in FIG. 14. Note, however, that the
BlockAck frame 5317 is replaced by a CTS-Self
frame 5317.

The ninth embodiment will exemplify recovery
operation in the third embodiment for case (2)
described in the eighth embodiment.

Note that recovery operation for cases (1), (3),
and (4) in the eighth embodiment remains unchanged.

(2) When the carrier sense unit 109 does not detect

¢
Busy in association with reception power in carrier
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sense processing the RIFS time after the normal
reception of a BlockAck frame 5310:

It is known in advance by management frame
exchange or the like that each terminal will transmit
two PHY frames with the RIFS time set therebetween
after the completion of the transmission of a first
aggregation frame 5304 from a terminal A 5201.

Even if, therefore, a carrier sense unit 109 of
the terminal A 5201 detects Idle in association with
reception power in carrier sense processing the RIFS
time after the completion of the reception of a
BlockAck frame 5310, i.e., the first PHY frame, a
terminal B 5202 should have transmitted some frame (an
aggregation frame 5311 in this case) as the second PHY
frame.

According to a recovery method like that in the
prior art, the terminal‘A 5201 transmits a frame to be
retransmitted the PIFS time (SIFS + 1 slot) after the
reception of a BlockAck frame 5310 as the first PHY
frame by the terminal A 5201.

With this operation, however, the frame
retransmitted from the terminal A 5201 collides with
some frame transmitted from the terminal B 5202.

In order to prevent this, in this case, after the
terminal A 5201 receives a BlockAck frame 5310, a data
frame or an aggregation frame is transmitted after the

¢
lapse of the RIFS time since the completion of the
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transmission.of the CTS-Self frame 5317 after the end
of the TXOP allocation time allocated to the terminal B
5202 by the terminal A 5201. That is, the CTS-Self
frame 5317 is transmitted as the HTP burst frame 5352
for data frames.

Performing such recovery makes it possible to
prevent a frame for recovery operation transmitﬁed from
the terminal A 5201 from colliding with the HTP burst
frame transmitted from the terminal B 5202 in the RD
scheme. |

If the terminal B 5202 does not spend the entire
TXOP allocation time allocated by the terminal A 5201,
and the terminal A 5201 can detect Busy in association
with reception power, the start ofAbi—directional
communication can be quickened by the unspent time.

Assume that a recovery technique like that in this
embodiment is combined Qith the fifth embodiment. 1In
this case, even if the NAV set by RTS-CTS frame
exchange or a BlockAck frame expires at the same time
as the NAV set by the BlockAck frame 5314 from the
terminal B 5202, there is no chance that the NAV has
expired before the CTS-Self frame 5317 is transmitted.
This makes it possible to prevent frames transmitted
from the terminal A 5201 and terminals other than the
terminal B 5202 from colliding with each other.

(10th Embodiment)

¢
The arrangement of an HTP burst frame in each
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embodiment of the present invention and receiving
operation at the time of reception of an HTP burst
frame will be described in detail.

FIGS. 23A and 23B each show the arrangement of a
PHY frame. FIGS. 23C and 23D each show the arrangement
of an HTP burst frame.

As shown in FIG. 23A, frames are
transmitted/received between the respective terminals
in each embodiment of the present invention, with a
frame arrangement in wﬁich a PHY header 3 in which
information necessary such as a transmission rate and a
transmission frame length which are necessary for the
control of the PHY layer at the time of data
transmission/reception is added before a MAC frame 5
such as a data frame or BlockAck frame which is
transmitted from the MAC layer to the PHY layer, and a
preamble 1 necessary fof temporalﬂsynchronization at
the time of reception at the PHY layer is attached
before the PHY header 3.

In each embodiment of the present invention, a
frame having the arrangement shown in FIG. 23A and a
frame having the arrangement shown in FIG. 23B
(aggregation frame 20) in which a plurality of PHY
headers 3 and a plurality of MAC frames 5 are
alternately combined behind the frame shown in FIG. 23A
are referred to as PHY frames 10. When aggregation is

¢
to be performed at the MAC layer, MAC frames 5 are
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aggregated without any PHY header 3 to form an
aggregation frame.

An HTP burst frame has a frame arrangement like
that shown in FIG. 23C, and is transmitted as a burst
by an HTP burst scheme as one of aggregation schemes,
in which the RIFS interval is sét between the PHY
frames 10 described with reference to FIG. 23A or 23B,
with the preambles 1 and the PHY headers 3 being
attached to the PHY frames 10. This burst transmission
is called an HTP burst.frame in each embodiment of the
present invention. Alternatively, a method of
combining PHY frames with a preamble being omitted
after the RIFS, as shown in FIG. 23D, may be used.

In an HTP burst frame 50, an RIFS time 7 is set
between the PHY frames 10. The RIFS time 7 is an
interval (2 us) greatly shorter than the SIFS time
(16 us in IEEE 802.11a{ which is the minimum time
interval in the conventional IEEE 802.11
specifications. For this reason, in order to reduce
reception processing at the PHY layer, it is necessary
to notify, before transmission, the PHY layer whether
data are transmitted at intervals of the RIFS time 7 or
the STFS time as in the prior art. If the preamble 1
is omitted as shown in FIG. 23D, in particular, when
the PHY layer does not recognize that a PHY header
comes after the lapse of 2 us, no data can be received

¢
because temporal synchronization cannot be established.
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According to each embodiment of the present
invention, in the RD scheme, an initiator terminal and
a responder terminal make an agreement, by management
frame exchange such as association before bi-
directional data transmission/reception in the RD
scheme, that all aggregation frames after the first
aggregation frame transmitted from the initiator
terminal are communicated as aggregation frames based
on the HTP burst scheme, each comprised of the two PHY
frames 10 such that oné BlockAck frame is attached to
the head of each aggregation frame, and one PHY frame
10 is aggregated at an interval of the RIFS time 7.
Therefore, when transmission/reception is started in
the RD scheme, the MAC layer can know that it is
necessary to perform reception with the RIFS time 7.
This makes it possible to instruct the PHY layer
whether to perform receétion processing with the RIFS
time 7.

According to the above agreement, it is agreed
that three or more PHY frames 10 are used instead of
two PHY frames 10. In addition, assume that only the
maximum number of PHY frames 10 is agreed. In this
case, indicating whether to perform transmission with
the RIFS after the reception of the PHY frame 10 makes
it possible to prepare for continuous reception
processing with the RIFS time 7 without any instruction

¢
from the MAC layer.
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In addition, if it is known that two PHY frames
are not to be transmitted at intervals of the RIFS
after the communication based on the RD scheme at the
MAC layer as in the case of a BlockAck frame, Ack
frame, or Cf-end frame in each embodiment of the
present invention, the PHY layef is notified after the
reception of the frame that there is no need to perform
reception with the RIFS time 7, and the reception mode
of the PHY layer can be restored to the normal state.

According to the HfP burst scheme in which burst
transmission is performed at intervals of the RIFS, a
special situation in which data reception is performed
at intervals of RIFS and a normal reception method can
be controlled from the MAC layer as needed. In
addition, using a PHY header makes it possible to
perform control at only the PHY layer and omit
notifying operation froﬁ the MAC layer.

(11th Embodiment)

In the first embodiment, the initiator terminal
pbased on the RD scheme performs bi-directional data
transmission/reception processing with one responder
terminal. In contrast to this, this embodiment will
exemplify a method in which when a band reservation
using the NAV in an RTS frame and the NAV in a CTS
frame, which has been described in the first
embodiment, is performed in a time corresponding to the

¢
TXOP allocation time which is the total transmission
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period, and transmission/reception processing based on
a combination of the RD scheme and the HTP burst scheme
is performed, even if there are plurality of responder
terminals, transmission/reception processing based on
the combination of the RD scheme and the HTP burst
scheme is performed.

Since this embodiment differs from the first
embodiment only in that there are a plurality of
responder terminals, and data are transmitted to
different destinations; only portions different from
the first embodiment will be mainly described below.

FIG. 24 is a timing chart for explaining a
transmission/reception method in a case wherein when
transmission/reception based on the combination of the
RD scheme and the HTP burst scheme is to be performed,
there are a plurality of responder terminals.

In this embodiment; a terminal A 1501 as an
initiator terminal based on the RD scheme transmits, to
a terminal B 1502 as the first responder terminal, an
RTS frame 1504 in which the TXOP time used for the RD
scheme is written as the value of NAV. Upon receiving
the RTS frame 1504, the terminal B 1502 writes, in a
CTS frame 1505, the value obtained by subtracting the
SIFS time and the time taken for the transmission of
the CTS frame 1505 from the value of NAV written in the
RTS frame 1504, and returns the frame to the terminal

]
A1501. The terminal A 1501 then transmits an
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aggregation frame obtained by aggregating transmission
data addressed to the terminal B 1502, i.e., Data 1-A,
Data 2-A, Data 3-A, and Data A-4, with a QoS Cf-Poll +
Data frame being attached to the head of the
aggregation frame. In response to this frame, the
terminal B 1502 returns an HTP burst frame 1509 having
a BlockAck frame 1508 attached to its head to the
terminal A 1501. Transmitting/receiving operation 'up
to this point of time is the same as that in the first
embodiment. |

Upon receiving the HTP burst frame 1509, the
terminal A 1501 switches to the RD scheme with a
terminal C 1503 when transmitting a BlockAck frame with
respect to the HTP burst frame 1509, unlike in the
first embodiment. The terminal A 1501 generates a
BlockAck frame 1510 as a BlockAck frame with respect to
data in the HTP burst ffame 1509 transmitted from the
terminal B 1502 to the terminal A 1501, i.e., Data 1-B,
Data 2-B, Data 3-B, and Data 4-B. An HTP burst frame
1511 is generated by aggregating transmission data from
the terminal A 1501 to the terminal C 1503, i.e., Data
5-A, Data 6-A, Data 7-A, and Data 8-A, behind the RIFS
of the BlockAck frame 1510, and is transmitted to the
terminal B 1502 and the terminal C 1503. In this
embodiment, frames addressed to two terminals, i.e.,
the BlockAck frame 1510 addressed to the terminal B

(]
1502 and the transmission data addressed to the
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terminal C 1503, i.e., Data 5-A, Data 6-A, Data 7-A,
and Data 8-A, are combined in the HTP burst frame 1511.
In addition, the transmission data addressed to the
terminal C 1503, i.e., Data 5-A, is a frame of a QoS
Cf-Poll + Data type, and part of the TXOP time is
allocated to the terminal C 1505.

Upon receiving the HTP burst frame 1511, the
terminal B 1502 checks the acknowledgement status of
data transmitted from the self station in accordance
with the BlockAck framé 1510. Upon receiving the HTP
burst frame 1511, the terminal C 1503 knows, from a QoS
Cf-Poll + Data frame 1512 the RIFS time after the
BlockAck frame 1510, that the TXOP time is allocated to
the self station. The terminal C 1503 then generates a
BlockAck frame 1513 with respect to the data in the HTP
burst frame 1511, i.e., Data 5-A, Data 6-A, Data 7-A,
and Data 8-A, generates‘an HTP burst frame 1514 by
aggregating transmission data to the terminal A 1501,
i.e., Data 1-C, Data 2-C, Data 3-C, and Data 4-C, after
the RIFS of the BlockAck frame 1513, and returns the
frame to the terminal A 1501. Upon receiving the HTP
burst frame 1514, the terminal A 1501 generates a
BlockAck frame 1515 with respect to the transmission
data in the HTP burst frame 1514 to the terminal A
1501, i.e., Data 1-C, Data 2-C, Data 3-C, and Data 4-C,
and returns the frame the SIFS time after the reception

J
of the HTP burst frame 1514, thereby terminating the
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transmission/reception processing between the terminal
B 1502 and the terminal C 1503 in the RD scheme.

At this point of time, an NAV setting method and a
transmission rate for a BlockAck frame in an HTP burst
frame used in this case are the same as those in the
first embodiment.

The above method in this embodiment, i.e., the
method of receiving an aggregation frame in which a QoS
Cf-Poll + Data frame is aggregated, and transmitting an
HTP burst frame obtainéd by setting the RIFS interval
between a BlockAck frame after the SIFS and a frame
obtained by aggregating a plurality of transmission
data, is the same as that in other embodiments.
Therefore, all the transmission/reception methods in
other embodiments can be applied to
transmission/reception processing between a plurality
of terminals based on tﬁe RD scheme according to this
embodiment. In addition, recovery operation can be
performed in the same manner.

Bi-directional communication between a plurality
of terminals based on the RD scheme can be performed by
using the transmission/reception method according to
this embodiment, and the transmission success
probability of BlockAck frames can be made higher than
that of transmission data during bi-directional
communication between a plurality of terminals. In

é
addition, transmitting a BlockAck frame through a PHY
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frame different from that for transmission data makes
it possible to prolong a band reservation period by
using the BlockAck frame. That is, this embodiment can
efficiently perform bi-directional communication
between a plurality of terminals while keeping the same
effects as those described in other embodiments.

(12th Embodiment)

The 12th embodiment is the same as the 1lth
embodiment except that when bi-directional
communication is performed with a plurality of
terminals, a multi-poll frame for simultaneously
allocating transmission periods to a plurality of
terminals, and hence only portions different from the
11th embodiment will be described.

FIG. 25 is a timing chart for explaining a method
of performing bi-directional communication of
transmission data from % self station and transmission
data from a plurality of terminals by allocating
transmission periods to the plurality of terminals
through an MMP (Multiple receiver aggregate multi-poll)
frame.

A terminal A 1601 as a terminal which starts bi-
directional communication with a plurality of terminals
in this embodiment transmits an HTP burst frame 1606
obtained by aggregating transmission data to a terminal
B 1602, i.e., Data 1-A, Data 2-A, Data 3-A, and Data

[
4-A, into one PHY frame, with an MMP frame 1604
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attached to the head of the frame after the RIFS, and
connecting transmission data addressed to a terminal C
1603, i.e., Data 5-A, Data 6-A, Data 7-A, and Data 8-A4,
to the PHY frame after the RIFS.

5 An offset period 1607 for the terminal B 1602 and
a TXOP time 1608 allocated to fhe terminal B 1602 are
written, as transmission periods allocated to the
terminal B 1602, in the MMP frame 1604. An offset:
period 1609 for the terminal C 1603 and a TXOP time

10 1610 allocated to the ferminal C 1603 are written, as

transmission periods allocated to the terminal C 1603,

in the MMP frame 1604. The value of NAV for a band

reservation in a bi-directional communication period

1605 started by the MMP frame 1604 is written in the

15 MMP frame 1604.

Upon receiving the HTP burst frame 1606 having the
MMP frame 1604 combined_with its head, the terminal B
1602 extracts the offset period 1607 for the terminal B
1602 which is written in the MMP frame 1604, and sets a
20 timer for the offset period 1607 by using the
transmission/reception state management unit 108 of the
terminal B 1602. The terminal B 1602 then receives the
transmission data in the HTP burst frame 1606 addressed
to the terminal B 1602, i.e., the Data 1-A, Data 2-A,
25 Data 3-A, and Data 4-A, and generates a BlockAck
frame 1611.

é
When the timer for the offset period 1607 with
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respect to the terminal B 1602 which has been set by
the transmission/reception state management unit 108
expires after the terminal B 1602 receives the HTP
burst frame 1606, the TXOP time 1608 allocated to the
terminal B 1602 starts. At this time, the terminal B
1602 generates the BlockAck fraﬁe 1611, and generates
an HTP burst frame 1612 by aggregating transmission
data to the terminal A 1601, i.e., Data 1-B, Data 2-B,
Data 3-B, and Data 4-B, after the RIFS of the BlockZAck
frame 1611. The terminél B 1602 then transmits the HTP
burst frame 1612 to the terminal A 1601. The terminal
B 1602 receives a BlockAck frame 1613 from the terminal
A 1601 the SIFS time after the transmission of the HTP
burst frame 1612. Note, however, that the number of
data to be aggregated to form the HTP burst frame 1612
is adjusted so as not to exceed the TXOP time 1608
allocated to the terminél B 1602. As shown in FIG. 25,
since the HTP burst frame 1612 has the RIFS period set
between the BlockAck frame 1611 and the transmission
data to the terminal A 1601, i.e., the Data 1-B, Data
2-B, Data 3-B, and Data 4-B, the transmission rate can
be changed and the NAV can be notified as in other
embodiments.

Upon receiving the HTP burst frame 1606, the
terminal C 1603 extracts the offset period 1609 for the
terminal C 1603 which is written in the MMP frame 1604,

é
and sets a timer for the offset period 1607 by using a
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transmission/reception state management unit 108 of the
terminal C 1603 in the same manner as the terminal B
1602. The terminal C 1603 then receives the
transmission data in the HTP burst frame 1606 addressed
to the terminal C 1603, i.e., the Data 5-A, Data 6-A,
Data 7-A, and Data 8-A, and generates a BlockAck frame.
When the timer for the offset period 1609 with respect
to the terminal C 1603, which has been set by the
transmission/reception state management unit 108 of the
terminal C 1603, expirés, the TXOP time 1610 allocated
to the terminal C 1603 starts, and the terminal C 1603
generates a BlockAck frame 1614. The terminal C 1603
generates an HTP burst frame 1615 by aggregating
transmission data to the terminal A 1601, i.e., Data 1
C, Data 2-C, Data 3-C, and Data 4-C, the RIFS time
after the BlockAck frame 1614, and transmits the HTP
burst frame to the terminal A 1601. The terminal C
1603 then receives BlockAck frame 1616 from the
terminal A 1601 the SIFS time after the transmission of
the HTP burst frame 1615, and terminates the bi-
directional communication period 1605 started by the
BlockAck frame 1614.

Note, however, the TXOP time 1610 allocated to the
terminal C 1603 starts after the end of the TXOP time
1608 allocated to the terminal B 1602.

Assume that if the number of data stored in the

é
transmission queue of the terminal B 1602 was small,
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and the terminal B 1602 could not spend all the TXOP
time 1608 allocated to the terminal B 1602, the
terminal A 1601 which allocated the TXOP time received
one PHY frame the RIFS time after the reception of a
BlockAck frame, thereby indicating the completion of
the communication in the allocated TXOP time as in
other embodiments, as shown in FIG. 25. 1In this case,
the unspent TXOP time may be used for the transmission
of data addressed from the terminal A 1601 to another
terminal. Note, howevef, that the unspent TXOP time is
to be used before the start time of the TXOP time 1610
allocated to the terminal C 1603.

By using the communication method according to
this embodiment, ‘the transmission success probability
of BlockAck frames can be made higher than that of
transmission data in the communication method using a
multi-poll frame for aliocating transmission periods to
a plurality of terminals at once. In addition,
transmitting a BlockAck frame through a PHY frame
different from transmission data makes it possible to
notify a band reservation period again by using a
BlockAck frame. Furthermore, writing, in a BlockAck
frame, a period which is used by a terminal to which
the TXOP time has been allocated makes it possible to
notify a period which is not used within the allocated
TXOP time, thereby effectively using the period which

L]

is not used by the terminal to which the TXOP time is
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allocated.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

5 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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CLAIMS

1. A wireless communication apparatus which
performs bi-directional communication with an
initiator, wherein an allocation period for data
transmission is allocated from the initiator,
comprising: |

means for generating a first physical frame
including an acknowledgement frame with respect tora
plurality of data frames received from the initiator,
and generating a second physical frame in which a
plurality of transmission data frames addressed to the
initiator are aggregated; and

means for transmitting the first physical frame at
a first transmission rate and the second physical frame
at a second transmission rate, during the allocation
period.

2. The wireless cémmunication apparatus according
to claim 1, wherein the first physical frame and the
second physical frame are separated by a reduced
interframe space (RIFS).

3. The wireless communication apparatus according
to claim 1, further comprising:

means for executing RTS-CTS frame exchange after
which the bi-directional communication is initiated.

4. The wireless communication apparatus according
to claim 1, wherein the first transmission rate and the

é
second transmission rate differ in a probability of
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transmission.error.

5. The wireless communication apparatus according
to claim 4, wherein the first transmission rate is
lower than the second transmission rate.

6. The wireless communication apparatus according
to claim 1, wherein the first bhysical frame contains a
value of a first band reservation period and the second
transmission rate includes a transmission rate higher
than the first transmission rate, so that terminals
that support the first'transmission rate but do not
support the second transmission rate are capable of
receiving the first physical frame and setting a second
band reservation period by referral to the value of the
first band reservation period.

7. The wireless communication apparatus according
to claim 1, further comprising:

means for detectiné that the bi-directional
communication is initiated; and

means for waiting for two physical frames with a
reduced interframe space (RIFS) period set therebetween
in a standby state, when the initiation of the bi-
directional communication is detected.

8. The wireless communication apparatus according
Fo claim 1, further comprising:

means for receiving an acknowledgement request
frame following the data received from the initiator,

]
wherein the acknowledgement request frame is
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transmitted at a lower transmission rate than that of

the data.

9. The wireless communication apparatus according

to claim 1, further comprising:

means for prolonging a first network allocation
vector (NAV) by a second NAV during a transmission
opportunity period, wherein

the first physical frame contains a value of the
second NAV and the second transmission rate includes a
transmission rate highér than the first transmission
rate, so that terminals that support the first
transmission rate but do not support the second
transmission rate are capable of receiving the first
physical frame and setting a third NAV by referral to
the value of the second NAV.

10. The wireless communication apparatus
according to claim 9, wﬁerein the value indicates a
length of time neéessary for transmitting the
transmission data addressed to the initiator and
receiving an acknowledgement frame sent from the
initiator with respect to the transmission data.

11. The wireless communication apparatus
according to claim 9, wherein the initiator includes:

means for prolonging said first NAV by a fourth
NAV during a transmission opportunity period, based on
transmitting a third physical frame containing a value

¢
of the fourth NAV so that the legacy terminals are
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capable of setting the third NAV by referral to both
the value of the fourth NAV and the value of the second
NAV.

12. The wireless communication apparatus
according to claim 1, wherein the first physical frame
includes a duration field which'indicates, as a value
of a network allocation vector (NAV), a length of time
necessary for transmitting the transmission data
addressed to the initiator and receiving an
acknowledgement frame sént from the initiator with
respect to the transmission data, wherein the length of
time is shorter than the allocated period.

13. The wireless communication apparatus
according to claim 1, further comprising:

means for transmitting, after transmitting the
first physical frame, a null frame for notifying that
there is no transmissioﬂ data addressed to the
initiator during the allocated period.

14. A wireless communication method for
performing bi-directional communication with an
initiator, wherein an allocation period for data
transmission is allocated from the initiator,
comprising:

generating a first physical frame including an
acknowledgement frame with respect to a plurality of
data frames received from the initiator, and generating

¢
a second physical frame in which a plurality of
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transmission .data frames addressed to the initiator are
aggregated; and

transmitting the first physical frame at a first
transmission rate and the second physical frame at a
second transmission rate, during the allocation period.

15. The wireless communication method according
to claim 14, wherein the first physical frame and the
second physical frame are separated by a reduced
interframe space (RIFS).

16. The wireless'communication method according
to claim 14, further comprising:

executing RTS-CTS frame exchange after which the
bi-directional communication is initiated.

17. The wireless communication method according
to claim 14, wherein the first transmission rate and
the second transmission rate differ in a probability of
transmission error. —

18. The wireless communication method according
to claim 17, wherein the first transmission rate is
lower than the second transmission rate.

19. The wireless communication method according
to claim 14, wherein the first physical frame contains
a value of a first band reservation period and the
second transmission rate includes a transmission rate
higher than the first transmission rate, so that
terminals that support the first transmission rate but

]
do not support the second transmission rate are capable
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of receiving.the first physical frame and setting a
second band reservation period by referral to the wvalue
of the first band reservation period.

20. The wireless communication method according
to claim 14, further comprising:

detecting that the bi-directional communication is
initiated; and

waiting for two physical frames with a reduced
interframe space (RIFS) period set therebetween in a

standby state, when the initiation of the bi-

‘directional communication is detected.

21. The wireless communication method according
to claim 14, further comprising:

receiving an acknowledgement request frame
following the data received from the initiator, wherein
the acknowledgement request frame is transmitted at a
lower transmission rate-than that of the data.

22. The wireless communication method according
to claim 14, further comprising:

prolonging a first network allocation vector (NAV)
by a second NAV during a transmission opportunity
period, wherein

the first physical frame contains a value of the
second NAV and the second transmission rate includes a
transmission rate higher than the first transmission
rate, so that terminals that support the first

¢
transmission rate but do not support the second
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transmission.rate are capable of receiving the first
physical frame and setting a third NAV by referral to
the value of the second NAV.

23. The wireless communication method according
to claim 22, wherein the value indicates a length of
time necessary for transmitting the transmission data
addressed to the initiator and receiving an
acknowledgement frame sent from the initiator with
respect to the transmission data.

24. The wireless'communication method according
to claim 22, wherein the initiator prolongs said first
NAV by a fourth NAV during a transmission opportunity
period, based on transmitting a third physical frame
containing a value of the fourth NAV so that the
terminals that support the first transmission rate but
do not support the second transmission rate are capable
of setting the third NA& by referral to both the value
of the fourth NAV and the value of the second NAV.

25. The wireless communication method according
to claim 14, wherein the first physical frame includes
a duration field which indicates, as a value of a
network allocation vector (NAV), a length of time
necessary for transmitting the transmission data
addressed to the initiator and receiving an
acknowledgement frame sent from the initiator with
respect to the transmission data, wherein the length of

¢
time is shorter than the allocated period.
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26. The wireless communication method according
to claim 14, further comprising:

transmitting, after transmitting the first
physical frame, a null frame for notifying that there
is no transmission data addressed to the initiator
during the allocated period. |

27. A wireless communication apparatus which
performs bi-directional communication with a responder
by allocating an allocation period for data
transmission to the reéponder, comprising:

means for transmitting to the responder a first
physical frame in which a plurality of data is
aggregated;

means for receiving, during the allocation period,
a second physical frame including an acknowledgement
frame with respect to the data, the second physical
frame prolonging a firs£ network allocation vector
(NAV) by a second NAV during a transmission opportunity
period; and

means for controlling a value of the allocation
period so that the a value of the second NAV falls
within a transmission opportunity limit. |

28. A wireless communication apparatus which
performs bi-directional communication with a responder
by allocating an allocation period for data
transmission to the responder, comprising:

€
means for transmitting to the responder a first
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physical frame in which a plurality of data is
aggregated;

means for receiving, during the allocation period,
a second physical frame including a first
acknowledgement frame with respect to the data, the
second physical frame prolonging a first network
allocation vector (NAV) by a second NAV; and

means for prolonging the first network allocation
vector by a third NAV by transmitting a third‘physical
frame including a secoﬁd acknowledgement frame data

received from the responder.



PCT/JP2006/306985

WO 2006/134704

1/25

1 O14

ananb

JUn 3suas JaLLe)

601/

JUN JuswaSeuew a1e1s

uoIsSIuSuRA |

901~
JUn Juswiadeuew
BIep UOISSISURA |

oL

snye.edde
UOITRIIUNUILI0D SSSfRIM

U828 /UOISSILUSUE

8017

U322 /UoISsILISURA

JUN UOITRUIULIION POUaW

Jun Su1ssa004d UoRdasaY

01/

JUN SUISS3004d UOISSILISUE}

017
JUN [0J3U0D $S80Y

oL’

JUORRIRUSS sWeld

7017

1017




PCT/JP2006/306985

WO 2006/134704

2/25

A

¢ 14

Y

Hoyoeq

auy dOX1
< sw} uociedoje doxL > < ol uoneaoje JOXL >
mmmm aurel) eyeq
?mwm/wmm Nmm 9¢¢ vmm m/«im/m_m/w € o_m mmm
- . - - L L) 2 - : :
M«m ¥e m %.S mmm_ vm_s«m 4 m m N S wio«m S1D wa
1 N N
— ~ eUILLIS
Geg 1€ IFARL
| auled). Uoiesausay D _owey coﬁwem@« ) .
—~— %€
S4Iv 15418 \ €GeSl 'sdis| ewey g diH g4y &af _mm sS4l Tsdis s4Is sdis
iy awrely 3sanqg diH — w_.\m ~— — o aurel) 38Nq diH 08
uoijedoje 4OX1 awely Uopedalssy uopeaoje 4ox.L alel) Lopesa sty
e N \}
5 STV-LTv=9 V=S [P g o e
o m@m Mam Seg | 80| olgl~ £ 16 S| 8201 854 mﬁ_ SLY _mm
( {( (Al (X { Pua ]
LEE Nmm _Nm 0C€ 61€ swex epeq + 80€/L0€/90€ GOE owes eeg+  10E
alel) eeq llod-43 SO0 alel} eyeq flod-#3 SO0



WO 2006/134704

3/25

=

PCT/JP2006/306985

R S12

Cause transmission data management unit to
transfer amount and transmission destination of
transmission data to transmission/reception state
management unit

Y /SZ

Cause transmission state management unit to
transfer amount and transmission destination of
transmission data to transmission/reception
method determination unit

‘V /83

Cause transmission/reception method
determination unit to determine length of TXOP
time and length of TXOP allocation time

Y /34

Cause transmission/reception state management
unit to transfer value of NAV to frame
| generation/transmission processing unit

y 9

Cause frame generation/transmission processing
unit to generate RTS frame and transmit it at
first transmission rate

Cause receptiqn processing unit to transfer value
of NAV and bitmap to transmission/reception
state management unit

Y /813

Cause transmission/reception state management
unit to transfer transmission data, TXOP
allocation time, value of NAV, and bitmap to
frame generation/transmission processing unit

Y /314

Cause. frame generation/transmission processing
unit to generate BlockAck frame and aggregation
frame

Y _S15

| processing unit

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first rate
SIFS time after completion of reception of HTP
burst frame from terminal B by reception

Y /86
| Wait for CTS frame from terminal B |
r oot

Cause reception processing unit to transfer value
indicating reception of CTS frame and value of
NAV to transmission/reception state management
| unit

Y /38 i

| Cause transmission/reception state management
unit to transfer TXOP allocation time and
transmission data to frame generation/
transmission processing unit

Y /Sg

Cause frame generation/transmission processing
unit to generate aggregation frame by
generating, from transmission data, Data 1-A as
QoS Cf-Poll 4+ Data frame and Data 2-A, Data
3-A, and Data 4-A as data frames and
combining them

Y /810

Cause frame generation/transmission processing
unit to start transmitting aggregation frame at
second transmission rate SIFS time after
completion of reception of CTS frame from
terminal B by reception processing unit

Y /Sq 1

| Wait for BlockAck frame from terminal B |

Y /‘316

| transmission rate to second transmission rate

| of BlockAck frame

Cause frame generation/transmission processing
unit to change transmission rate from first

during RIFS time after completion of transmission

Cause frame generation/transmission processing
unit to transmit HTP burst frame at second
transmission rate RIFS time after completion of
transmission of BlockAck frame

Y _S18
Wait for BlockAck frame from terminal B |
Y /319

Cause reception processing unit to transfer value
of NAV and bitmap to transmission/reception
state management unit

Y /820

Cause transmission/reception state management
unit to transfer value of NAV and bitmap to

frame generation/transmission processing unit

Y _S21

Cause frame generation/transmission processing
unit to generate BlockAck frame

Y /822

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first
transmission rate SIFS time after completion of
reception of HTP burst frame from terminal B
by reception processing unit

FIG.3
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_S101

Cause reception processing unit to
receive RTS frame and transmit CTS
frame at first transmission rate SIFS
time after completion of reception

, S0

Wait for QoS Cf-Poll + Data frame
from terminal A 201

, —S103

Cause reception processing unit to
transfer value indicating reception of
QoS Cf-Poll + Data frame, TXOP
allocation time, value of NAV, and
bitmap to transmission/reception state
management unit

 / /3104 '

| Cause transmission/reception state
management unit to transfer
transmission data, value of NAV, and
bitmap to frame generation/transmission
processing unit

Y r/S105

Cause frame generation/transmission
processing unit to generate BlockAck
frame and aggregation frame

Cause frame generation/transmission
processing unit to transmit BlockAck
frame at first transmission rate SIFS
time after completion of reception of
aggregation frame from terminal A by
reception processing unit

) 5106

) —SI07

Cause frame generation/transmission
processing unit to change transmission
rate from first transmission rate to
second transmission rate during RIFS
time after completion of transmission of
BlockAck frame

Y /8108

Cause frame generation/transmission
processing unit to transmit aggregation
frame at second transmission rate RIFS
time after completion of transmission of
BlockAck frame

4/25

PCT/JP2006/306985

y 8109

Wait for next BlockAck frame from
terminal A

Y 110

Cause reception processing unit to
transfer value indicating reception of
QoS Cf-Poll + Data frame, TXOP
allocation time, value of NAV, and

| bitmap to transmission/reception state

management unit

7 ST

Cause transmission/reception state
management unit to transfer |
transmission data, value of NAV, and

| bitmap to frame generation/transmission

processing unit

Y r/S]12

Cause frame generation/transmission
processing unit to generate BlockAck
and aggregation frame

7 —S113

| Cause frame generation/transmission

processing unit to transmit BlockAck
frame at first transmission rate SIFS
time after completion of reception of
aggregation frame from terminal A by
reception processing unit

) —S114

Cause frame generation/transmission

| processing unit to change transmission

rate from first transmission rate to
second transmission rate during RIFS
time after completion of transmission of

| BlockAck frame

) —S115

Cause frame generation/transmission
processing unit to transmit aggregation
frame at second transmission rate RIFS
time after completion of transmission of
BlockAck frame

) —S116

Wait for next BlockAck frame from
terminal A

FIG. 4
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51001
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K 51012

Cause transmission data management unit to
transfer amount and transmission destination of
transmission data to transmission/reception state
management unit

} _S1002

Cause transmission state management unit to
transfer amount and transmission destination of
transmission data to transmission/reception
method determination unit

) 51003

Cause transmission/reception method
determination unit to determine length of TXOP -
time and length of TXOP allocation time

{ —S1004

Cause transmission/reception state management
unit to transfer value of NAV to frame
generation/transmission processing unit

Qause reception processing unit to transfer
bitmap to transmission/reception state
management unit

Y 51013

Cause transmission/reception state management
unit to transfer transmission data, TXOP
allocation time, bitmap to frame generation/
transmission processing unit

Y 51014

Cause frame generation/transmission processing
unit to generate BlockAck frame and aggregation
frame

Y 51015

| transmission rate SIFS time after completion of

1 — 51005

Cause frame generation/transmission processing
unit to start counting down of timer, generate
RTS frame, and transmit it at first transmission |

| by reception processing unit

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first

reception of HTP burst frame from terminal B

Y 51016

rate

Y 31006

Wait for CTS frame from terminal B |
Y 51007

Cause reception processing unit to transfer value -
indicating reception of CTS frame to ‘
transmission/reception state management unit

Y 51008

Cause transmission/reception state management
unit to transfer TXOP allocation time and
transmission data to frame generation/

| transmission processing unit

y 51009

Cause frame generation/transmission processing
unit to generate aggregation frame by
generating, from transmission data, Data 1-A as
QoS Cf-Poll + Data frame and Data 2-A, Data
3-A, and Data 4-A as data frames and
combining them

Y 91010

Cause frame generation/transmission processing
unit to start transmitting aggregation frame at
second transmission rate SIFS time after
completion of reception of CTS frame from
terminal B by reception processing unit

v _S1071

| Wait for BlockAck frame from terminal B

1 transmission rate to second transmission rate

Cause frame generation/transmission processing
unit to change transmission rate from first

during SIFS time after completion of transmission
of BlockAck frame

Y /310]7

Cause frame generation/transmission processing
unit to transmit HTP burst frame at second
transmission rate RIFS time after completion of
transmission of BlockAck frame

91018
Wait for BlockAck frame from terminal B |
Y 51019

Cause reception processing unit to transfer
bitmap to transmission/reception state
management unit

1 —S1020

Cause transmission/reception state management
unit to transfer bitmap to frame generation/
transmission processing unit

Y /81021

Cause frame generation/transmission processing
unit to generate BlockAck frame

Y 51022

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first
transmission rate SIFS time after completion of
reception of HTP burst frame from terminal B
by reception processing unit

FIG. 7
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Cause timer to start counting down
with value of NAV in RTS frame
received by reception processing unit
being initial value, and transmit CTS
frame at first transmission rate SIFS
time after completion of reception

8/25
51101

PCT/JP2006/306985

Y

_S1109

Wait for next BlockAck frame from
terminal A

] —ST102

Wait for QoS Cf-Poll + Data frame
from terminal A 201

) —ST103

ttime, and bitmap to transmission/

Cause reception processing unit to
transfer value indicating reception of
QoS Cf-Poll + Data frame, TXOP
allocation time, and bitmap to
transmission/reception state
management unit

Cause reception processing unit to
transfer value indicting reception of QoS
Cf-Poll + Data frame, TXOP allocation

reception state management unit

Y ST

| management unit to transfer

Cause transmission/reception state

transmission data and bitmap to frame
generation/transmission processing unit

, —S1104

Cause transmission/reception state
management unit to transfer
transmission data and bitmap to frame
generation/transmission processing unit

Y 1112

Cause frame generation/transmission
processing unit to generate BlockAck
and aggregation frame

) —ST105

7 —S1113

Cause frame generation/transmission
processing unit to generate BlockAck
frame and aggregation frame

| processing unit to transmit BlockAck

, _ST106

Cause frame generation/transmission
processing unit to transmit BlockAck
frame at first transmission rate SIFS
time after completion of reception of
aggregation frame from terminal A by
reception processing unit

Cause frame generation/transmission

frame at first transmission rate SIFS

time after completion of reception of

aggregation frame from terminal A by
reception processing unit

, —ST114

) 1107

Cause frame generation/transmission
processing unit to change transmission
rate from first transmission rate to
second transmission rate during RIFS
time after completion of transmission of
BlockAck frame

Cause frame generation/transmission
processing unit to change transmission
rate from first transmission rate to
second transmission rate during RIFS
time after completion of transmission of
BlockAck frame

) —ST115

¥ —ST108

Cause frame generation/transmission

processing unit to transmit aggregation
frame at second transmission rate RIFS
time after completion of transmission of

Cause frame generation/transmission
processing unit to transmit aggregation
frame at second transmission rate RIFS
time after completion of transmission of
BlockAck frame

Wait for next BlockAck frame from
terminal A

BlockAck frame

FIG.8
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82001
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Y 52012

Cause transmission data management unit to
transfer amount and transmission destination of -
transmission data to transmission/reception state
management unit

Cause reception processing unit to transfer
bitmap to transmission/reception state
management unit

\ 52002

Cause transmission state management unit to
transfer amount and transmission destination of
transmission data to transmission/reception
method determination unit

Cause transmission/reception method
determination unit to determine length of TXOP
time and length of TXOP allocation time

7 —S2004

Cause transmission/reception state management
unit to transfer value of NAV to frame
generation/transmission processing unit

Y 52005

Cause frame generation/transmission processing
unit to generate RTS frame and transmit it at
first transmission rate

Y 32006
| Wait for CTS frame from terminal B |
Y 52007

Cause reception processing unit to transfer value
indicating reception of CTS frame to
transmission/reception state management unit

Cause transmission/reception state management
unit to transfer TXOP allocation time and
transmission data to frame generation/
transmission processing unit

) —S2009

Cause frame generation/transmission processing
unit to generate aggregation frame by
generating, from transmission data, Data 1-A as
QoS Cf-Poll + Data frame and Data 2-A, Data
3-A, and Data 4-A as data frames and
combining them

y 52013

Cause transmission/reception state management
unit to transfer transmission data, TXOP
allocation time, and bitmap to frame generatlon/
transmission processing unit

Y ,232014

Cause frame generation/transmission processing
unit to generate BlockAck frame and aggregation
frame

Y 52015

| Cause frame generation/transmission processing

unit to transmit BlockAck frame at first rate
SIFS time after completion of reception of HTP
burst frame from terminal B by reception
processing unit

, _S2016

| unit to change transmission rate from first
| transmission rate to second transmission rate

Cause frame generation/transmission processing

during RIFS time after completion of transmission
of BlockAck frame

\ —S2017

Cause frame generation/transmission processing
unit to transmit HTP burst frame at second
transmission rate RIFS time after completion of
transmission of BlockAck frame

52018

A
| Wait for BlockAck frame from terminal B |

] 52019

Cause reception processing unit to transfer
bitmap to transmission/reception state
management unit

y 52020

Cause transmission/reception state management
unit to transfer bitmap to frame generation/
transmission processing unit

\ 52010

) 2021

Cause frame generation/transmission processing
unit to start transmitting aggregation frame at
second transmission rate SIFS time after
completion of reception of CTS frame from
terminal B by reception processing unit

Y 52011

Wait for BlockAck frame from terminal B

Cause frame generation/transmission processing
unit to generate BlockAck frame

Y 52022

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first
transmission rate SIFS time after completion of
reception of HTP burst frame from terminal B
by reception processing unit

FIG.10
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Cause timer to start counting down
with value of NAV in RTS frame
received by reception processing unit
being initial value, and transmit CTS
frame at first transmission rate SIFS
time after completion of reception

PCT/JP2006/306985

K 82109

Wait for next BlockAck frame from
terminal A

{ —S2102

) —S2110

Wait for QoS Cf-Poll + Data frame
from terminal A 201

) —S2108

time, and bitmap to transmission/

Cause reception processing unit to
transfer value indicating reception of
QoS Cf-Poll + Data frame, TXOP
allocation time, and bitmap to
transmission/reception state
management unit

reception state management unit

Cause reception processing unit to
transfer value indicting reception of QoS
Cf-Poll + Data frame, TXOP allocation

1 —S2111

y —S2104

Cause transmission/reception state
management unit to transfer
transmission data and bitmap to frame
generation/transmission processing unit

| Cause transmission/reception state
management unit to transfer
transmission data and bitmap to frame
generation/transmission processing unit

7 —S21m

Cause frame generation/transmission
processing unit to generate BlockAck
and aggregation frame

‘ —S2106

Y /82113

Cause frame generation/transmission
processing unit to generate BlockAck

| Cause frame generation/transmission

frame and aggregation frame

52106

Cause frame generation/transmission
processing unit to transmit BlockAck
frame at first transmission rate SIFS
time after completion of reception of
ageregation frame from terminal A hy
reception processing unit

| reception processing unit

processing unit to transmit BlockAck
frame at first transmission rate SIFS
time after completion of reception of
aggregation frame from terminal A by

) —S2114

| second transmission rate during RIFS

Cause frame generation/transmission
processing unit to change transmission
rate from first transmission rate to
second transmission rate during RIFS
time after completion of transmission of
BlockAck frame

Cause frame generation/transmission
processing unit to change transmission
rate from first transmission rate to

time after completion of transmission of
BlockAck frame

) —S2115

) 52108

Cause frame generation/transmission
processing unit to transmit aggregation
frame at second transmission rate RIFS
time after completion of transmission of
BlockAck frame

Cause frame generation/transmission

processing unit to transmit aggregation
frame at second transmission rate RIFS
time after completion of transmission of

T —S2116

Wait for next BlockAck frame from
terminal A

BlockAck frame

FIG. 11
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_S7001
Cause transmission data management unit to 57013
transfer amount and transmission destination of Y =

transmission data to transmission/reception state

management unit
Y /37002

Cause transmission state management unit to
transfer amount and transmission destination of |
transmission data to transmission/reception
method determination unit

Cause transmission/reception method
determination unit to determine length of NAV
time and length of TXOP allocation time

unit to transfer value of NAV to frame
generation/transmission processing unit
¥ _S7005

Cause frame generation/transmission processing -
unit to generate RTS frame and transmit it at

Cause transmission/reception state management
unit to transfer transmission data, TXOP
allocation time, value of NAV, and bitmap to
frame generation/transmission processing unit

) 51014

) 57003

Cause frame generation/transmission processing
unit to generate BlockAck frame and aggregation

frame
) —S7015

{ unit to transmit BlockAck frame at first rate

T SO0

— . : | burst frame from terminal B by reception
| Cause transmission/reception state management

Cause frame generation/transmission processing
SIFS time after completion of reception of HTP

processing unit

¥ _S7016

1 unit to change transmission rate from first

first transmission rate

Cause frame generation/transmission processing

transmission rate to second transmission rate
during RIFS time after completion of transmission
of BlockAck frame

) /87006 T —ST017
r Wait for CTS frame from terminal B | Cause frame generation/transmission processing
.¢ _S7007 | unit to transmit HTP burst frame at second

Cause reception processing unit to transfer value |
indicating reception of CTS frame and value of
NAV to transmission/reception state management
unit

transmission rate RIFS time after completion of
transmission of BlockAck frame

¥ 1018

| Wait for BlockAck frame from terminal B |

Cause transmission/reception state management |
unit to transfer TXOP allocation time and
transmission data to frame generation/
transmission processing unit

unit to generate aggregation frame by
generating, from transmission data, Data 1-A as
QoS Cf-Poli + Data frame and Data 2-A, Data |
3-A, and Data 4-A as data frames and
combining them

! —ST08

¥ _S7019

Cause reception processing unit to transfer Ack
frame transmission request to transmission/
reception state management unit

Y 51020

Y _S7009

| Cause frame generation/transmission processing
| to frame generation/transmission processing unit

Cause transmission/reception state management
unit to transfer Ack frame transmission request

7 —ST021

Cause frame generation/transmission processing .
unit to generate Ack frame and Cf-end frame

¥ 57010

Y 51022

Cause frame generation/transmission processing
unit to start transmitting aggregation frame at
second transmission rate SIFS time after
completion of reception of CTS frame from

terminal B by reception processing unit

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first
transmission rate SIFS time after completion of
reception of HTP burst frame from terminal B
by reception processing unit

! ~STOIT ! ~ST0R
| Wait for BlockAck frame from terminal B | Cause frame generation/transmission processing
1 S70% unit to transfer Cf-end frame at first
/

Cause reception processing unit to transfer value
of NAV and bitmap to transmission/reception
state management unit

transmission rate RIFS time after completion of
transmission of Ack frame

FI1G. 18
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- _ST101

Cause reception processing unit to
receive RTS frame and transmit CTS
frame at first transmission rate SIFS
time after completion of reception

\ —STI02

Wait for QoS Cf-Poll + Data frame
from terminal A 201

T 7103

Cause reception processing unit to
transfer value indicating reception of
QoS Cf-Polf + Data frame, TXOP
allocation time, value of NAV, and
bitmap to transmission/reception state
management unit »

! S04

Cause transmission/reception state
management unit to transfer

1 transmission data, value of NAV, and

{ bitmap to frame generatnon/transmnssnon
| processing unit

\ ~STI05

Cause frame generation/transmission
processing unit to generate BIockAck
frame and aggregation frame

Cause frame generation/transmission
processing unit to transmit BlockAck
frame at first transmission rate SIFS
time after completion of reception of
aggregation frame from terminal A by
| reception processing unit

y r/37107

Cause frame generation/transmission
processing unit to change transmission
rate from first transmission rate to
second transmission rate during RIFS
time after completion of transmission of
BlockAck frame

—S7108

Cause frame generation/transmission
processing unit to transmit aggregation |
frame at second transmission rate RIFS
time after completion of transmission of
BlockAck frame

L
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3 _ST109

Wait for next BlockAck frame from
terminal A

\ S0

Cause reception processing unit to
transfer value indicating reception of
QoS Cf-Poll + Data frame, TXOP
allocation time, value of NAV, and
bitmap to transmission/reception state
management unit

) ST

| Cause transmission/reception state

management unit to notify frame
generation/transmission processing unit
of absence of transmission data
addressed to terminal A

¥ ST

Cause frame generation/transmission
processing unit to generate BlockAck
and QoS Null frame

) —ST113

r —_STi06

Cause frame generation/transmission
processing unit to transmit BlockAck
frame at first transmission rate SIFS
time after completion of reception of
aggregation frame from terminal A by
reception processing unit

Y _ST114

Cause frame generation/transmission
processing unit to change transmission
rate from first transmission rate to
second transmission rate during RIFS
time after completion of transmission of
BlockAck frame

w //3115

Cause frame generation/transmission
processing unit to transmit QoS Null
frame at second transmission rate RIFS
time after completion of transmission of
BlockAck frame

A\ 4Af’S116

Wait for next frame from terminal A

FI1G.19
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1 $8012

Cause transmission data management unit to
transfer amount and transmission destination of
transmission data to transmission/reception state
management unit

y 58002

Cause transmission state management unit to
transfer amount and transmission destination of
transmission data to transmission/reception
method determination unit

Y /38003

Cause transmission/reception method
determination unit to determine length of NAV
time and length of TXOP allocation time

Y 58004

Cause transmission/reception state management
unit to transfer value of NAV to frame
generation/transmission processing unit

Y 58005

Cause frame generation/transmission processing
unit to generate RTS frame and transmit it at
first transmiission rate

} 58006
| Wait for CTS frame from terminal B |
Y . ,./38007

Cause reception processing unit to transfer value
indicating reception of CTS frame and value of
NAV to transmission/reception state management
unit

\ 58008

Cause transmission/reception state management
unit to transfer TXOP allocation time and
transmission data to frame generation/
transmission processing unit

Y 58009

Cause frame generation/transmission processing
unit to generate aggregation frame by
generating, from transmission data, Data 1-A as
QoS Cf-Poll + Data frame and Data 2-A, Data
3-A, and Data 4-A as data frames and
combining them

Cause frame generation/transmission processing
unit to start transmitting aggregation frame at
second transmission rate SIFS time after
completion of reception of CTS frame from
terminal B by reception processing unit

Cause reception processing unit to transfer value
of NAV and bitmap to transmission/reception
state management unit

, 58013

Cause transmission/reception state management
unit to transfer transmission data, TXOP
allocation time, value of NAV, and bitmap to
frame generation/transmission processing unit

Y /8801 4

Cause frame generation/transmission processing
unit to generate BlockAck frame and aggregation
frame

Y 58015

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first rate
SIFS time after completion of reception of HTP
burst frame from terminal B by reception
processing unit

Y 38016

Cause frame generation/transmission processing
unit to change transmission rate from first
transmission rate to second transmission rate
during RIFS time after completion of transmission
of BlockAck frame

Y /880] 7

Cause frame generation/transmission processing
unit to transmit HTP burst frame at second
transmission rate RIFS time after completion of
transmission of BlockAck frame

Y 58018
Wait for BlockAck frame from terminal B |
) 38019

Cause reception processing unit to transfer
bitmap to transmission/reception state
management unit

Y 58020

Cause transmission/reception state management
unit to transfer bitmap to frame generation/
transmission processing unit

) — 58021

Cause frame generation/transmission processing
unit to generate Ack frame and Cf-end frame

Y 58022

Cause frame generation/transmission processing
unit to transmit BlockAck frame at first
transmission rate SIFS time after completion of

Y /380“ reception of HTP burst frame from terminal B
| Wait for BlockAck frame from terminal B by reception processing unit
L

FI1G. 21



PCT/JP2006/306985

WO 2006/134704

22/25

¢¢ V14

Jjoxoeg

- (3R dOXL) B} AVN >
1186 H9S-S1D Ul UBNLM AYN 40 OnfeA ”
- . - o
T owp uopedoe dOXL B oW} UORedoje JOXL g
|
" p286 w0l L oweopwpagu
Ul usplm ! USPUM AYN 40 enjep
AVN 10 anjep o186
716 | ¢LEG
aled)
mmfmm qumo eyeq o_wmm momo,m
I haA - IEENE AR E S10 2076
iAo 658 = :
Swed} 359 diH | 1 | 1Ef owel ! [eURLB ]
Sl 25661840 | N UoeBaBRY | m
S4lv X s4is!  Sdiy 'Sy dwed 3sing dIH N sdis |GE6 Sd¥  'sdiS s4IS!  'sdIS
| A
“ 4 8166 ) Sures) J5nq dIH 7086
GE6 owed 3snq dIH sl UoesaISsY auely co_u.mmem?
1 P
pus-30] | PV Mmm_ ey Mmm_ Mmm m%_wp /16 Mmm Smo_ﬁmo &mo SLd 5<Nm
N N N / N / N JeulLLIB |
aluei) elRq + aWel} eyeq +
"CEE6 1EEH alRly. eyeq 61E6 10d-40 S0 awes eyeq G0S6 l1od-40 soo  LOEG
2256 0¢€6 2086 90¢6
1¢€6 10€6



WO 2006/134704

23/25

]

73

Preamble

PHY
header

MAC
frame

A

F1G.23A

Preamble

PHY
header

MAC

- frame

PHY
header

MAC
frame

PCT/JP2006/306985

-

FI1G.23B

PHY

Preamble header

MAC

frame

>

Preamble

PHY
header

MAC
frame

—

RIFS 7

FI1G.23C

——
50

Preamble

PHY
header

MAC

PHY

frame

header

MAC
frame

—

FI1G.23D




PCT/JP2006/306985

WO 2006/134704

24/25

A

_ Q0G| ewaLos UoRoeAP 8siaRal Ul pasn pobad dOXL

g—m— sWell 38inq d _._._\_
- —- AY
R col
20| | Beq| g | e [ 60G| wes g dLH | feuiLio
A N
S4iM - A Nom—
i - ‘ — -7 | 9-€ | 9-¢ | 9-1 | ] v $19
_ [ 1G] 8wed 3sing dlH _ eyeq {eyeq | eyed | eyed | o8 > _S_m._m._.
n_o&mrz S48 415~ P — ol s s5 | a5, am_
) < > BV ) AV-81V-L}V-91V-8]|wv V= | V-€ | V-¢ | V-L Ly :
L~ oo eyeq | ereq | ereq | eyea | P eyeq | eyeq | eyeq | eeq 14
el X Y __ g feuel
’ S G0S1 |
1
911 oy 519 |
Sid Jo Joxyoeg Y Y
4+ G4V 40 osde| Joyy €161 0191 8041 0S1
BWR Yoy0olg alely Yoy¥oo|g W) Yoy0oig aurl SiN
Y Y
GlGl ¢l6l 1051

alliel} Yoo/

Suled) eyeq -+ [jl0d-§) S0D

ouel) eeq +10d-§) $0D




PCT/JP2006/306985

G¢ I 14

_
_ G0Q Wed dWW Aq peress poiad LOREdIUNILLIOD [eUORBAP-Ig _

25/25

WO 2006/134704

| _
[ 0191 £09L O Jeuuia} 0} pajedofe polad dOXL | | 609 €091 O JputuiL Joj potiad 32340 |
_ 1
e pmy [ 8091 2091 8 [eutuia) 03 payeaoe pored dOXL | | J(9| 20918 [euluue} Joj pouied 334 |
G|Q| swey jsing dIH
. N J -« + 1€ + >
T EEEEE 0 pooemea| o
Q) eed | ereq | o o{ >_ ’ _ ¢19] Swe4 1ing dlH _ [euwis ],
_ . _ S| /A N -
T T EEEEE ppee ~ !
gl awredy 3s4nq 41
8191 S48 S5 ‘ o A _ 9091 . - feLel
dOXL IXeN I i _ iy | SIS~ ™~
R o ‘ T L o S [ [ TV [ Tl H09k
A prog ¥olg eyeq | eyeq | eyed { eied | | eeq | eyed | eyeq | ereq v
Y 1 10 'y [euiwia)
Y 7191 Sy S4ld
1191 ’ aurel) yoydoog
Sdld o yoxoeq - Y —Y Y
+SIv Jo esde] oy €191 1191 7091
- ] - sl ¥owo0|g W) ¥oyo0ig awely diN

9191
aWel) Yoyoold




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2006/306985

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO04L12/28
ADD. HO4L1/16

According 1o international Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4AL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Specification"”

cited in the application

IEEE 802.11-04/0889R6, XX, XX,
18 May 2005 (2005-05-18), XP002347780

page 19, Tine 5 - page 25, Tine 1
page 37, line 1 - page 39, line 2
page 44, line 30 - page 46, line 24
page 49, line 26 - page 50, line 16
page 62, lTine 1 - page 64, line 7

A MUJTABA S A: "TGn Sync Proposal Technical 1-28

-/

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
metr]\ts, ﬁuch combination being obvious ta a person skilled
in the art.

"&" dacument member of the same patent family

Date of the actual completion of the international search

5 October 2006

Date of mailing of the international search report

12/10/2006

Name and mailing address of the I1SA/
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 eponl,
Fax: (+31-70) 340-3016

Authorized officer

Bdsch, Michael

Form PCT/ISA/210 (second sheet) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2006/306985
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A W0 2005/039127 A (QUALCOMM INCORPORATED; 1-26
NANDA, SANJIV; MEYLAN, ARNAUD; WALTON,
RODNEY,) 28 April 2005 (2005-04-28)
paragraphs [0008], [0009]
paragraph [0086] - paragraph [0093]
paragraph [0100] - paragraph [0109]
paragraphs [0119], [0120]
paragraph [0124] - paragraph [0126]
paragraphs [0153], [0154]
paragraph [0215] - paragraph [0219]
paragraph [0282] - paragraph [0294]
paragraph [0302] - paragraph [0309]
paragraph [0322] - paragraph [0337]
paragraph [0350] - paragraph [0353]
P,A EP 1 601 126 A (KABUSHIKI KAISHA TOSHIBA) 1-26
30 November 2005 (2005-11-30)
paragraph [0021] - paragraph [0024]
paragraph [0028] - paragraph [0044]
paragraphs [0049], [0050]
paragraph [0072] - paragraph [0077]
paragraph [0082]
figures 4-8,14
A US 2002/071448 Al (CERVELLO GERARD ET AL) 27,28
13 June 2002 (2002-06-13)
paragraph [0014] - paragraph [0017]
paragraph [0023]
paragraph [0037] - paragraph [0042]
figure 5
A WO 2004/064330 A (BICHOT, GUILLAUME; 27,28
VERMA, SHAILY; THOMSON LICENSING S.A)
29 July 2004 (2004-07-29)
page 4, line 16 — page 5, Tine 3
page 8, line 19 - page 9, line 5
figure b S
P,X WO 2005/067217 A (INTEL CORPORATION; 28
STEPHENS, ADRIAN)
21 July 2005 (2005-07-21)
P,A page 3, line 6 - line 27 27
page 4, line 11 - page 9, Tine 3
page 11, Tine 6 - page 12, line 20
figures 2,3

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




International application No.

INTERNATIONAL SEARCH REPORT PCT/JP2006/306985

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: )
because they relate to subject matter not required to be searched by this Authority, namely:

2. [:] Claims Nos.:
because they relate to parts of the Intemational Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box llI Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. m As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2, I:' As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4, L___\ No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l:l The additional search fees were accompanied by the applicant’s protest.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




International Application No. PCT/JP2006 /306985

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 2710

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-26

The first invention deals with the problem of to enable an
avoidance of the decrease of the transmission success
probability of acknowledgment frames when realizing high
speed transmission/reception of data frames.

This is achieved by:

- generating a first physical frame including an
acknowledgment frame with respect to a plurality of data
frames received from the initiator,

-.generating a second physical frame in which a plurality of
data frames addressed to the initiator are aggregated, and
- transmitting the first physical frame at a first
transmission rate and the second physical frame at a second
transmission rate, during the allocation period.

2. claims: 27,28

The second claimed invention concerns an apparatus
comprising:

- means for transmitting to the responder a first physical
frame in which a plurality of data is aggregated,

- means for receiving, during the allocation period, a
second physical frame including an (a first) acknowledgment
frame with respect to the data, the second physical frame
prolonging a first network allocation vector by a second NAV
(during a transmission opportunity period).

In a first embodiment (Claim 27), it further comprises means
for controlling a value of the allocation period so that the
value of the second NAV falls within a transmission
opportunity limit.

In a second embodiment (Claim 28), it further comprises
means for prolonging the first network allocation vector by
a third NAV by transmitting a third physical frame including
a second acknowledgment frame for data received from the
responder.
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