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WIRELESS COMMUNICATION APPARATUS
AND WIRELESS COMMUNICATION
METHOD USING VARIABLE TRANSMISSION
RATE
CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001]

[0014] starting counting number of times that data is trans
mitted, immediately after a change in a transmission rate; and
[0015] limiting data siZe of data to be transmitted to at most

a prescribed value and requesting transmission acknowledge
ment, during a period until the number of times that the data
is transmitted reaches a prescribed number of times.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

This application is based upon and claims the ben

e?t of priority from prior Japanese Patent Application No.
2007-262622, ?led Oct. 5, 2007, the entire contents of which
are incorporated herein by reference.
BACKGROUND OF THE INVENTION

[0002]

1. Field of the Invention

[0003] The present invention relates to a wireless commu
nication apparatus and a wireless communication method
using a variable transmission rate, and for example, to a

wireless communication apparatus that aggregates a plurality
of frames for transmission.
[0004] 2. Description of the Related Art
[0005] The Institute of Electrical and Electronics Engineers
(IEEE) 802.11 Committee is now formulating IEEE 802.11n
standards that are next-generation high-speed wireless local
area network (LAN) standards.

[0006] The IEEE 802.11n standards adopt Aggregate
MPDU (A-MPDU) that allows a plurality of MAC protocol
data units (MPDUs) to be transmitted as a single PHY pro

tocol data unit (PPDU). Bringing a plurality of MPDUs
together into a single PPDU is called aggregation. In the

[0016] FIG. 1 is a block diagram ofa wireless LAN system
according to a ?rst embodiment of the present invention;
[0017] FIG. 2 is a block diagram of a wireless LAN base
station and a wireless LAN terminal according to the ?rst

embodiment;
[0018]

FIG. 3 is a block diagram of a frame control section

according to the ?rst embodiment;
[0019] FIG. 4 is a timing chart showing how acknowledge
ment is performed in a wireless communication system

according to the ?rst embodiment;
[0020]

FIG. 5 is a ?owchart of a wireless communication

method according to the ?rst embodiment;
[0021] FIG. 6 is a ?owchart showing the operation of a
frame control section according to the ?rst embodiment;
[0022] FIG. 7 is a timing chart showing how frames are
transmitted and received in wireless communication;
[0023] FIG. 8 is a timing chart showing how frames are
transmitted and received in accordance with the wireless
communication method according to the ?rst embodiment;

speci?cation, if MPDU and A-MPDU are not distinguished
from each other, these units are simply called frames. The use
of A-MPDU is expected to enable transfer that is more e?i

embodiment of the present invention;

cient than short inter-frame space (SIFS) burst transfer, which
is most e?icient in all the conventional standards including

method according to the second embodiment;

the latest IEEE 802.11e standards. Such a technique is dis

closed in, for example, Jpn. Pat. Appln. KOKAI Publication
No. 2006-352844.

[0007] However, frame transmission e?iciency generally
decreases with increasing frame length. If the transmission
e?iciency decreases to prevent accurate transmission, the
same frame needs to be transmitted again (hereinafter
referred to as “retransmission”). The time required for

retransmission increases consistently with the frame length.
[0008]

BRIEF SUMMARY OF THE INVENTION

A wireless communication apparatus according to

an aspect of the present invention includes:
[0010] a transmission section which transmits data using

wireless communication; and
[0011]

[0025]

FIG. 10 is a ?owchart of a wireless communication

[0026] FIG. 11 is a ?owchart showing the operation of a
frame control section according to the second embodiment;
[0027] FIG. 12 is a timing chart showing how frames are
transmitted and received in wireless communication; and
[0028] FIG. 13 is a timing chart showing how frames are
transmitted and received in accordance with the wireless
communication method according to the second embodi
ment.

As a result, the transmission e?iciency may not be

suf?ciently improved simply by using A-MPDU.

[0009]

[0024] FIG. 9 is a block diagram of a wireless LAN base
station and a wireless LAN terminal according to a second

a control section which controls a transmission rate

for the transmission section, the control section limiting data
siZe of data to be transmitted to at most a prescribed value and

requesting a transmission acknowledgement, during a period
from immediately after a change in the transmission rate until
number of times that the transmission section transmits data
reaches a prescribed number of times.
[0012] A wireless communication method according to an

aspect of the present invention includes:
[0013] changing a data transmission rate according to a
status of a transmission path;

DETAILED DESCRIPTION OF THE INVENTION

First Embodiment
[0029] A wireless communication apparatus and a wireless
communication method according to a ?rst embodiment of
the present invention will be described. FIG. 1 is a block

diagram of a wireless communication system according to the
present embodiment.
[0030] As shown in FIG. 1, a wireless communication sys
tem 1 includes a wireless LAN base station (access point) 2
and a plurality of wireless LAN terminals 3. The wireless
LAN base station 2 and the wireless LAN terminals 3 form a
communication network (LAN). The wireless LAN terminal
3 communicates wirelessly with the wireless LAN base sta
tion 2 using a frequency band of 20 or 40 MHZ. The wireless
LAN base station 2 accommodates the wireless LAN termi
nals 3 to form a basic service set (BSS). The wireless LAN
base station 2 is connected to a server (not shown in the
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drawings) by, for example, a Wired LAN or to the Internet by
metal lines, optical ?bers, or the like via an Internet service

that executes processing for an upper layer. The transmission
data processing section 61 is a block that executes speci?c

provider.

processing using packets, and is, for example, a personal

<Con?guration of the Wireless LAN Base Station 2 and the
Wireless LAN Terminal 3>

computer. The transmission data processing section 61 may
be a part of the Wireless LAN base station 2 (or the Wireless
LAN terminal 3) or may be located outside the Wireless LAN
base station 2 and connected to the Wireless LAN base station

[0031]

NoW, the con?guration of the Wireless LAN base

station 2 and Wireless LAN terminal 3, described With refer

2 by metal lines, optical ?bers, or the like. On the other hand,

ence to FIG. 3, Will be described With reference to FIG. 2. The
Wireless LAN base station 2 and the Wireless LAN terminal 3

the reception frame that is a control frame or the like speci?ed
for a protocol process for the MAC layer is processed in the

have almost the same con?guration. The con?guration of the
Wireless LAN base station 2 Will be described beloW by Way
of example. FIG. 2 is a block diagram of the Wireless LAN
base station 2. As shoWn in FIG. 2, the Wireless LAN base
station 2 roughly includes an antenna 10, a radio frequency
(RF) section 20, a physical section 30, and a media access
control (MAC) section 40.
[0032] The RF section 20 transmits and receives signals of

MAC layer reception section 41. An example of the control
frame is an acknowledgment frame. The acknoWledge frame
Will be described beloW. The transmission data processing

a high frequency band used for communication on a Wireless

transmission path to, for example, amplify data in the trans
mitted and received analog signals. Then, the RF section 20
transmits and receives the data through an antenna 10.

section 61 outputs information such as retransmission control
Which is required for a transmission process to the MAC layer
transmission section 42 as reception information.

[0039] NoW, the MAC layer transmission section 42 Will be
described. As shoWn in FIG. 2, the MAC layer transmission
section 42 includes a frame generation section 43 and a con

trol section 44.

[0040]

First, the frame generation section 43 Will be

[0033] The physical section 30 and the MAC section 40
process the transmission data and the reception data for a
physical layer and a MAC layer. The physical section 30 and
the MAC section 40 Will be described beloW in detail.
[0034] First, the physical section 30 Will be described. The
physical section 30 includes a physical layer reception sec
tion 31 and a physical layer transmission section 32.

described. The frame generation section 43 includes a packet
processing section 45, an aggregation section 46, and an

[0035] The physical layer reception section 31 performs an
analog-to-digital conversion on a reception signal (analog
executes a demodulation process on the digital signal. That is,

computer similarly to the transmission data processing sec
tion 61. Thus, the transmission data generation section 60
may be a part of the Wireless LAN base station 2 (or the
Wireless LAN terminal 3) or may be located outside the
Wireless LAN base station 2. The packet processing section

the physical layer reception section 31 performs, for example,
orthogonal frequency division multiplexing (OFDM) and

45 executes a transmission frame generation process such as
addition of a MAC header to a packet to assemble the packet

error correction decoding to obtain MPDUs as reception

into a frame as an MPDU.

frames. The physical layer reception section 31 then outputs

[0042] The aggregation section 46 aggregates a plurality of
MPDUs provided by the packet processing section 45 as
required. Thus, the plurality of MPDUs are generated into one
A-MPDU. That is, the aggregation alloWs a plurality of

signal) provided by the RF section 20 to obtain a digital

signal. The physical layer reception section 31 further

the reception frames obtained to the MAC section 40.

[0036]

The physical layer transmission section 32 receives

a transmission frame and a transmission rate from the MAC

section 40. The physical layer transmission section 32 then
performs redundant encoding and OFDM modulation on the
received transmission frame and further carries out digital

to-analog conversion to obtain an analog signal. The physical
layer transmission section 32 outputs the analog signal to the
RF section 20 as a transmission signal. The physical layer
transmission section 32 transmits the transmission frame to
the Wireless LAN terminal 3 via the RF section 20 and the
antenna 10 at the transmission rate set by the MAC section 40.
[0037] NoW, the MAC section 40 Will be described. The
MAC section 40 includes a MAC layer reception section 41
and a MAC layer transmission section 42.

[0038]

First, the MAC layer reception section 41 Will be

described. The MAC layer reception section 32 receives a

reception frame from the physical layer reception section 31.
The MAC layer reception section 32 removes a MAC header

from the reception frame to assemble the reception frame into
a packet. The packet is a data structure into Which transmis
sion and reception data is assembled and Which can be
handled by a personal computer or the like. The frame is
transmission and reception data assembled so as to be Wire
lessly communicated. The reception frame that is a data frame
is further sent to a transmission data processing section 61

acknoWledge setting section 47.
[0041]

The packet processing section 45 receives packet as

transmission data from a transmission data generation section
60. The transmission data generation section 60 is a block that

generates transmission data, and is, for example, a personal

frames to be transmitted as a single frame. The plurality of
MPDUs contained in the same A-MPDU are managed on the
basis of the same tra?ic ID. Whether or not the aggregation is
to be performed depends on the frame. An instruction on the

aggregation is given by, for example, the transmission data
generation section 60. HoWever, during a given period from
immediately after a change in transmission rate, the aggrega
tion is forcibly prohibited in accordance With an instruction
from the control section 44. This Will be described beloW in
detail.

[0043]

The acknoWledge setting section 47 determines

Whether or not transmission acknoWledgement is required for

the MPDUs provided by the packet processing section 45 or
the A-MPDU provided by the aggregation section 46. Infor
mation about Whether or not to perform the transmission
acknoWledgement can be set in an “Ack Policy” ?eld in the
MAC header to set the frame to be an acknoWledge expecting
frame or an acknoWledge non-expecting frame. Whether or

not the transmission acknoWledgement is required depends
on the frame. An instruction on the aggregation is given by,

for example, the transmission data generation section 60.
HoWever, during a given period from immediately after a
change in transmission rate, the transmission acknoWledge
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ment is forcibly determined to be required in accordance with

ber of times that the aggregation has been inhibited. The

an instruction from the control section 44. This will also be
described below in detail.

comparison section 52 compares a counter value in the
counter 50 with the number of inhibitions held in the memory
51.

[0044]

The frame generation section 43 obtains the single

MPDU or A-MPDU into which the plurality of MPDUs are

aggregated, on the basis of the above-described con?guration
to output MPDU or A-MPDU to the physical layer transmis
sion section 32 as a transmission frame. In FIG. 2, the trans

mission data is shown to be transferred from the packet pro

cessing section 45 through the aggregation section 46 to the
acknowledge setting section 47 in this order. However, the
?ow of data is not limited to this case, and any other con?gu
ration may be used provided that the above-described trans
mission frame is ?nally obtained.
[0045] Now, the control section 44 of the MAC layer trans
mission section 42 will be described. The control section 44 is
a block that mainly manages information calculated from

[0050]

If the comparison by the comparison section 52

indicates that the counter value in the counter 50 is smaller

than the number of inhibitions, the instruction section 53
outputs an aggregation prohibition instruction to the aggre
gation section 46 and an acknowledge instruction to the

acknowledge setting section 47. The aggregation prohibition
instruction forces the aggregation section 46 to generate a
frame as a single MPDU. The acknowledge instruction forces

the acknowledge setting section 47 to generate acknowledge
expecting frames.
[0051] That is, the frame control section 49 con?gured as
described above inhibits the aggregation, with frames gener

transmission and reception results and required for transmis

ated as acknowledge expecting frames, during the period

sion, such as in retransmission control or transmission rate
control. As shown in FIG. 2, the control section 44 includes a
transmission rate control section 48 and a frame control sec

from immediately after a change in transmission rate until the
number of transmissions reaches the number of inhibitions.

tion 49.
[0046] The transmission rate control section 48 determines
the optimum transmission rate for transmission on the basis
of indices such as packet error rate (PER). The transmission

<Transmission Acknowledgement>

rate control section 48 noti?es the physical layer transmission
section 32 of the determined transmission rate together with
the transmission frame. Upon setting the transmission rate to
a value different from that of the transmission rate for the last
frame transmitted, the transmission rate control section 48

[0052] Now, the transmission acknowledgement will be
described with reference to FIG. 4. FIG. 4 is a timing chart
showing how frames are transmitted and received between a

frame transmission side (for example, the base station 2) and
a frame reception side (for example, the terminal 3).
[0053] The IEEE 802.11 standards provide a transmission
acknowledge function with which when a frame has been

communicates information indicating this to the frame con
trol section 49 as a transmission rate change noti?cation.

transmitted or received between the wireless LAN base sta

[0047] The frame control section 49 starts operation upon
receiving the transmission rate change noti?cation from the

noti?es the transmission side whether or not the reception
side has been able to successfully received the frame. For
example, if the wireless LAN base station 2 transmits a frame

transmission rate control section 48. The frame control sec

tion 49 having started operation instructs the aggregation
section 46 to inhibit the aggregation of frames for a given
period. That is, the frame control section 49 instructs the
aggregation section 46 to generate a frame as a signal MPDU.
The frame control section 49 further instructs the acknowl

edge setting section 47 to set, in the Ack Policy ?eld, infor
mation indicating that the transmission acknowledgement is
to be performed for the given period. That is, the frame
control section 49 instructs the acknowledge setting section
47 to generate frames as acknowledge expecting frames. That
is, when the transmission rate is changed, the frame control
section 49 instructs the frame generation section 43 to gen
erate a frame both as a single MPDU and as an acknowledge

expecting frame.
[0048]

FIG. 3 is a diagram showing the internal con?gura

tion of the frame control section 49. As shown in FIG. 3, the
frame control section 49 includes a counter 50, a memory 51,
a comparison section 52, and an instruction section 53. The

components of the frame control section 49 start operation
when the frame control section 49 receives the transmission
rate change noti?cation from the transmission rate control
section 48.

[0049]

The counter 50 receives, from the physical layer

transmission section 32, information indicating that a frame

have been transmitted (frame transmission information), and
counts the number of times that the information has been
received. That is, the counter starts counting the number of
times that a frame has been transmitted, immediately after a
change in transmission rate. The memory 51 holds the num

tion 2 and the wireless LAN terminal 3, the reception side

to the wireless LAN terminal 3, which then successfully
receives the frame, then the wireless LAN terminal 3 trans
mits an acknowledge frame to the wireless LAN base station
2. Thus, the wireless LAN base station 2 can determine
whether or not the wireless LAN base station 2 has been able
to correctly transmit the frame. If the wireless LAN base

station 2 has failed to correctly transmit the frame, the wire
less LAN base station 2, for example, retransmits the frame.
On the basis of the information indicating whether or not the
wireless LAN base station 2 has been able to correctly trans
mit the frame, the wireless LAN base station 2 can also
determine the status of a wireless transmission path (conges
tion level). On the basis of the status of the wireless transmis
sion path, the wireless LAN base station 2 can, for example,
control the transmission rate.
[0054] CASE 1 in FIG. 4 shows that a frame is transmitted
as a single MPDU. As shown in FIG. 4, when MPDU is
transmitted to the terminal 3 as an acknowledge expecting

frame, the terminal 3 having received MPDU transmits the
acknowledge frame (ACK frame) to the base station 2.
[0055] CASE 2 in FIG. 4 shows that a frame is transmitted
as A-MPDU. As shown in FIG. 4, when A-MPDU is trans
mitted to the terminal 3 as an acknowledge expecting frame,
the terminal 3 having received A-MPDU transmits a block

acknowledge (BA) frame to the base station 2. The BA frame
is used for block transmission acknowledgement. The block
transmission acknowledgement uses one acknowledge frame
to acknowledge the transmission of A-MPDU containing a
plurality of MPDUs. The BA frame contains information
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indicating which of MPDUs have been correctly received and
which of MPDUs have failed to be correctly received.
<Data Transmission Method>

[0056] Now, a data transmission method for the wireless
LAN base station 2 and wireless LAN terminal 3 con?gured
as described above will be described with reference to FIG. 5.
FIG. 5 is a ?owchart of the data transmission method. The
data transmission method for the base station 2 is similar to
that for the terminal 3. Transmission from the base station 2 to

the terminal 3 will be described below by way of example.
[0057] First, the frame generation section 45 of the MAC
layer transmission section 42 of the base station 2 receives
transmission data (packets) from the transmission data gen

eration section 60 (step S10).
[0058] The packet processing section 45 executes a trans
mission process on the receivedpackets to assemble the pack
ets into frames (step S11). If the aggregation has not been

prohibited by the frame control section 49 (step S12, NO), the
aggregation section 46 aggregates the frames to generate
A-MPDU as required (step S13). If the aggregation is pro
hibited (step S12, YES), the aggregation section 46 does not
perform the aggregation and generates a frame as a single

MPDU (step S14).
[0059] If an instruction to set the acknowledge expecting
frame has not been issued by the frame control section 49

(step S15, NO), the acknowledge setting section 47 sets any
of the frames to be acknowledge expecting frames as required

(step S16). If the instruction to set the acknowledge expecting
frame has been issued by the frame control section 49 (step
S15,YES), the acknowledge setting section 47 sets the frames

to be acknowledge expecting frames (step S17).
[0060] If the aggregation has been prohibited by the frame
control section 49, the instruction to set the acknowledge

expecting frame has simultaneously been issued. If the
instruction to set the acknowledge expecting frame has been
issued by the frame control section 49, the aggregation has

simultaneously been prohibited.
[0061]

The transmission frame generated as described

above is provided to the physical layer transmission section

the number of inhibitions (step S23, NO), the instruction
section 53 instructs the aggregation section 46 to prohibit the
aggregation (step S24). That is, the instruction section 53
outputs the aggregate prohibition instruction. The instruction
section 53 further instructs the acknowledgement setting sec
tion 47 to set the acknowledgement expecting frame (step
S25). That is, the instruction section 53 outputs the acknowl
edge acknowledgement instruction. Thereafter, every time a
frame is transmitted, the counter 50 adds “1” to the counter

value (step S26). The processing then returns to step S22.
[0065] If the comparison in step S22 indicates that the
counter value has reached the number of inhibitions (step
S23, YES), the instruction section 53 cancels the instruction

to the aggregation section to prohibit the aggregation (step
S27). That is, the instruction section 53 stops outputting the
aggregate prohibition instruction. The instruction section 53
further cancels the instruction to the acknowledge setting
section 47 to set the acknowledge expecting frame (step S28).
That is, the instruction section 53 stops outputting the
acknowledge instruction.
[0066] The instructions in steps S27 and S28 are given to
the aggregation section 46 and the acknowledge setting sec
tion 47 to cancel the forcible setting and not to perform the
aggregation or to avoid setting the acknowledge expecting
frame. Thus, after step S27 and S28, the frame generation
section 43 determines whether or not to perform the aggre

gation and whether or not to set the acknowledge expecting
frame, on the basis of the normal control of the aggregation

section 46 and the acknowledge setting section 47.
[0067] After steps S27 and S28, when the MAC layer trans
mission section 42 outputs the frame to the physical layer
transmission section 32, the operation of the frame control

section 49 is completed (step S29).
[0068]

If the transmission rate control section changes the

transmission rate while the frame control section 49 is in

operation and the transmission rate change noti?cation is
output to the frame control section 49, the frame control
section 49 returns to step S20 regardless of which of the steps
in FIG. 6 is being executed. That is, the frame control section
49 starts the processing all over again.

32. The physical layer transmission section 32 executes a
transmission process such as OFDM modulation, redundant

<Effects>

encoding, or digital-to-analog conversion of the transmission

[0069] As described above, the wireless communication
apparatus and wireless communication method according to
the ?rst embodiment of the present invention enable the data
transmission ef?ciency to be improved. This effect will be
described below.
[0070] As described in the background, the IEEE 802.1ln

frame (step S18). An analog signal resulting from the trans
mission process executed by the physical layer transmission
section 32 is transmitted from the antenna 10 via the RF
section 20 at the transmission rate determined by the trans

mission rate control section 48 (step S19).

standards being formulated adopt A-MPDU. This is expected
<Details of the Operation of the Frame Control Section 49>

[0062]

Now, the details of the operation of the frame control

section 49 in the control section 44 of the MAC layer trans
mission section 42 will be described with reference to FIG. 6.
FIG. 6 is a ?owchart showing the operation of the frame
control section 49.
[0063] As shown in FIG. 6, ?rst, the frame control section

49 starts operation by receiving the transmission rate change
noti?cation from the transmission rate control section 48
(step S20). Then, the counter 50 resets the counter value to

Zero (step S21).
[0064] The comparison section 52 compares the counter
value in the counter 50 with the number of inhibitions in the
memory 51 (step S22). If the counter value has not reached

to allow data to be e?iciently transmitted. However,
A-MPDU is a plurality of MPDUs aggregated together and
thus has an increased frame length. The increased frame
length increases the time required to transmit a frame. Thus,
the status of an actual wireless transmissionpath during trans
mission of the latter half of the frame may differ signi?cantly
from the result of estimation for the wireless transmission
path performed by the physical section at a transmission of
the head portion of the frame. That is, the status of the wireless
transmission path (congestion level or the like) may vary
signi?cantly between the transmission of the former half of
the frame and the transmission of the latter half. As a result,
the transmission performance of the frame as a whole may be

degraded. Therefore, even aggregating many MPDUs does
not necessarily increase throughput.
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[0071]

Thus, it is very important for the IEEE 802.1ln

standards to use a link adaptation function used for the con

ventional Wireless LAN system to adaptively control the
transmission rate or the like according to the status of com

munication. The general link adaptation function uses, for
example, PER of a frame to be transmitted and received as an
index to perform control such that a transmission rate loWer
than the current one is selected if the error rate exceeds a

certain given PER. This reduces the error rate to ensure the

appropriate general transmission ef?ciency. The relationship
betWeen the transmission rate and PER is basically such that
the error rate decreases consistently With the transmission
rate. In contrast, if the error rate is suf?ciently loW at a certain
transmission rate and is expected to be at a certain small value
even at an increased transmission rate, the throughput is

increased by sWitching to a higher transmission rate. Thus,
the link adaptation function also controllably sWitches the
transmission rate to a higher one using a certain index.

[0072]

However, the conventional link adaptation function

poses the folloWing problems. That is, if a transmission rate
loWer than the current one is selected, the error rate of the
transmission rate is expected to be loWer than the current one

after the change. HoWever, if a transmission rate higher than
the current one is selected, determining Whether or not the
error rate falls Within a tolerable range after the change is

A-MPDU2 obtained by aggregating MPDUS to MPDU9, at
the increased transmission rate. HoWever, it is assumed that
since the transmission rate of 130 Mbps is actually exces
sively high, the base station fails to transmit A-MPDU2.
Then, the terminal cannot receive A-MPDU2 and thus does
not transmit the BA frame.
[0078] The base station fails to receive the BA frame for
A-MPDU2, to determine that communication is impossible at
the transmission rate of 130 Mbps. Thus, at a time t2, the base
station sets the transmission rate back to 117 Mbps and
retransmits A-MPDU2 at the resulting transmission rate.
[0079] In the above-described example, A-MPDU2 con

taining the ?ve MPDUs and thus having a long frame length
needs to be transmitted in order to determine Whether or not

communication is possible at 130 Mbps. Then, if the trans
mission fails, A-MPDU2 With the long frame length needs to
be transmitted again. That is, A-MPDU2 needs to be trans
mitted tWice, resulting in a very large overhead. As a result,
communication ef?ciency decreases.
[0080] In this connection, the con?guration according to
the present embodiment transmits the frame that is a single
MPDU and a frame requesting an acknoWledge frame, imme
diately after the transmission rate is sWitched. Thus, the over
head can be reduced. That is, Whether or not communication

dif?cult. That is, predicting Whether or not communication is
possible at an increased transmission rate is difficult. Thus, at

is possible can be quickly determined after the transmission
rate has been sWitched, enabling the communication e?i
ciency to be improved. This effect Will be described With

present, the folloWing operation needs to be performed: in
spite of the risk of disabling communication, the transmission

reference to FIG. 8. FIG. 8 is a timing chart of data transmis

rate is sWitched to a higher one, and an attempt is then made
to perform the actual communication to determine Whether or

not the communication is possible.
[0073] If the communication is found to be dif?cult at the
increased transmission rate after the sWitching, then impor
tantly, the transmission rate is immediately set back to the
original value to inhibit a temporal decrease in throughput.
[0074] Furthermore, When the transmission rate is sWitched
to a loWer one oWing to a high error rate or the like, What level

of the reduced transmission rate is to be selected is deter

mined by sWitching the transmission rate and then observing
the communication status. Then, a further reduced transmis
sion rate needs to be selected as required. Thus, even in this

case, immediate determination is important though the pos

sion according to the Wireless communication method
according to the present embodiment. FIG. 8 shoWs hoW
frames are transmitted and received betWeen the transmission

side (for example, the Wireless LAN base station 2) and the
reception side (for example, the Wireless LAN terminal 3) as
Well as transmission rates used. FIG. 8 also shoWs that inhi

bition is performed once (the number of inhibitions is one).
[0081] As shoWn in FIG. 8 and as described With reference
to FIG. 7, the base station 2 transmits A-MPDUl to the
terminal 3 at a transmission rate of 1 17 Mbps and receives the
BA frame from the terminal 3. Thereafter, at time t1, the base
station 2 increases the transmission rate to 130 Mbps.

[0082] Then, in the base station 2, the frame control section
49 outputs the aggregate prohibition instruction and the
acknoWledge instruction. Consequently, the frame transmit

sible problem is less serious than in the case in Which the

ted at time t1 is a single MPDUS, Which is transmitted to the

transmission rate is sWitched to a higher one.

terminal 3 as an acknoWledge expecting frame. Upon failing

[0075] As described above, the IEEE 802.1ln standards
use A-MPDU, resulting in the tendency to increase the frame

to transmit MPDUS, the base station 2 cannot receive the
ACK frame for MPDUS.

length. Thus, the above-described problem becomes serious.

[0083] Thus, the base station 2 determines that communi
cation at 130 Mbps is dif?cult. Then, at a time t3, the base
station 2 sets the transmission rate back to 117 Mbps and
retransmits the frame at the resulting transmission rate. Even
at this point in time, the frame control section 49 outputs the

This Will be described With reference to FIG. 7. FIG. 7 is a

timing chart of the conventional Wireless communication
method using A-MPDU to transmit data. FIG. 7 shoWs hoW
frames are transmitted and received betWeen the transmission

side (for example, the Wireless LAN base station) and the
reception side (for example, the Wireless LAN terminal) as
Well as transmission rates used.

aggregate prohibition instruction and the acknoWledge
instruction because of the change in transmission rate. Con
sequently, the frame transmitted at time t3 is the single

[0076] As shoWn in FIG. 7, the Wireless LAN base station is
communicating Wirelessly With the Wireless LAN terminal at

MPDUS, Which is transmitted to the terminal 3 as an

a transmission rate of 117 Mbps. First, the base station suc

ted at time t3, the counter value in the counter 50 becomes
equal to the number of inhibitions. The frame control section

cessfully transmits A-MPDUl obtained by aggregating
MPDUl to MPDU4 and receives a BA frame from the termi

nal.
[0077] It is assumed that at a time t1, the base station
increases the transmission rate from 117 Mbps to 130 Mbps
on the basis of the improved PER or the like and transmits

acknoWledge expecting frame. When MPDUS is retransmit

49 stop outputting the aggregate prohibition instruction and
the acknoWledge instruction.
[0084]

The base station 2 then receives the ACK frame to

recogniZe that MPDUS has been successfully transmitted.
The base station 2 then transmits the remaining MPDU6 to
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MPDU9 to the terminal 3 as A-MPDU2. The base station 2

an instruction to limit the data siZe of transmission data to at

thereafter receives the BA frame for A-MPDU2 from the
terminal 3.

most a prescribed value (limitation instruction), to the trans

[0085]

the transmission rate change noti?cation from the transmis
sion rate control section, the frame control section 49 outputs
the limitation instruction to the transmission data generation
section 60 and the acknowledge instruction to the acknowl

With the method according to the present embodi

ment, the period during which communication is di?icult,
that is, the period during which the transmission rate is 130
Mbps, is AT2 from time t1 to time t3, which is shorter than
AT1 from time t1 to time t2 in FIG. 7. Furthermore, according
to the present embodiment, the frame to be retransmitted is

the single MPDU, reducing the time required for retransmis
sion, compared to the case in which A-MPDU2 is retransmit
ted as shown in FIG. 7. Moreover, immediately after the
change in transmission rate, MPDU5 is transmitted as a frame
requesting the ACK frame. Thus, whether or not the terminal
3 has successfully received the frame can be determined.
Consequently, the status of the wireless transmission path
immediately after the change in transmission rate can be

appropriately determined.
[0086] Thus, according to the present embodiment, when
the transmission rate is switched by the link adaptation func
tion, the status of the wireless transmission path can be
quickly determined. As a result, if the transmission rate is
switched to a higher one and communication is di?icult at the
resulting transmission rate, the transmission rate can be
immediately set back to the original one. A possible decrease
in throughput can thus be inhibited. Furthermore, if the trans
mission rate is switched to a lower one, communication is still

dif?cult at the resulting transmission rate, and the transmis

mission data generation section 60. That is, upon receiving

edge setting section 47, for a given period.
[0091]

The frame control section 49 has the internal con

?guration shown in FIG. 3, described in the ?rst embodiment
and in which the aggregate prohibition instruction is replaced
with the limitation instruction. The memory 51 holds the
number of times that a frame with the data siZe limited has
been transmitted (this number of times is also hereinafter
referred to as the number of inhibitions).

[0092]

The remaining part of the con?guration is similar to

that in the ?rst embodiment.
<Data Transmission Method>

[0093] Now, a data transmission method for the wireless
LAN base station 2 and the wireless LAN terminal 3 accord
ing to the present embodiment will be described with refer
ence to FIG. 10. FIG. 10 is a ?owchart of the data transmis
sion method. FIG. 10 is a ?owchart of the data transmission

method. The data transmission method for the base station 2
is similar to that for the terminal 3. Transmission from the
base station 2 to the terminal 3 will be describedbelow by way

sion rate thus needs to be changed to a further reduced one,
then the transmission rate can further be immediately

of example.

switched. A possible decrease in throughput can be inhibited.
Moreover, since the frame to be retransmitted is the single
MPDU, useless time required for retransmission can be
reduced. As a result, the data transmission e?iciency of the
wireless communication apparatus can be improved.

the limitation instruction (step S30, NO), the transmission
data generation section 60 generates transmission data
(packet) with any data siZe (step S31). On the other hand, if
the limitation instruction has been output (step S30,YES), the
transmission data generation section 60 generates transmis

Second Embodiment

value (step S32). The prescribed value may be preset in the
transmission data generation section 60 or provided by the

[0094]

First, if the frame control section 49 has not output

sion data with a data siZe equal to or smaller than a prescribed

[0087] Now, a wireless communication apparatus and a
wireless communication method according to a second
embodiment of the present invention will be described. The
present embodiment relates to the above-described ?rst

embodiment which transmits frames without performing the
aggregation. Only differences from the ?rst embodiment will
be described below.
<Con?guration of the Wireless LAN Base Station 2 and the
Wireless LAN Terminal 3>

[0088]

frame control section 49 together with the limitation instruc
tion.

[0095] The packet processing section 45 receives the trans
mission data generated in step S31 or S32 (step S10). The
packet processing section 45 then executes the transmission
process to assemble the data into frames (step S11). Thereaf
ter, the steps following step S15 as described in the ?rst
embodiment are executed.

<Details of the Operation of the Frame Control Section 49>

First, the con?guration of the wireless LAN base

station 2 and wireless LAN terminal 3 according to the
present embodiment will be described with reference to FIG.
9. As is the case with the ?rst embodiment, the wireless LAN
base station 2 and the wireless LAN terminal 3 have almost
the same con?guration. The con?guration of the wireless
LAN base station 2 will be described below by way of
example. FIG. 9 is a block diagram of the wireless LAN base
station 2.
[0089] As shown in FIG. 9, the wireless LAN base station 2
has the con?guration shown in FIG. 2, described in the ?rst

[0096] Now, the details of the operation of the frame control
section 49 according to the present embodiment will be
described with reference to FIG. 11. FIG. 11 is a ?owchart

showing the operation of the frame control section 49.
[0097] As shown in FIG. 11, the operation of the frame
control section 49 according to the present embodiment cor

responds to the operation illustrated in the ?owchart in FIG. 6,
described in the ?rst embodiment, except that the processing
in steps S24 and S27 is replaced with processing relating to

embodiment, and in which the aggregation section 46 is omit
ted. Thus, the frame generation section 43 does not aggregate

the limitation instruction.
[0098] That is, if the counter value fails to reach the number
of inhibitions after the processing in steps S20 to S22 (step

MPDUs but generates a frame as a single MPDU.

S23, NO), the instruction section 53 instructs the transmis

[0090]

sion data generation section 60 to limit the siZe of the trans
mission data to at most the prescribed value (step S40). That

The frame control section 49 in the control section

44 outputs, instead of the aggregate prohibition instruction,
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is, the instruction section 53 outputs the limitation instruc
tion. The processing thereafter proceeds to step S25.

dance With the Wireless communication method according to
the present embodiment. FIG. 13 shoWs hoW frames are trans

<Effects>

mitted and received betWeen the transmission side (for
example, the Wireless LAN base station 2) and the reception
side (for example, the Wireless LAN terminal 3) as Well as
transmission rates used. The data siZe (frame length) of each
frame is shoWn as a length along the time axis of the frames in
the FIG. 13. FIG. 13 also shoWs that inhibition is performed
once (the number of inhibitions is one).
[0106] As shoWn in FIG. 13, When the base station 2
increases the transmission rate to 130 Mbps, the frame control
section 49 outputs the limitation instruction and the acknoWl
edge instruction. Thus, a frame F2' transmitted at time t1 is for

[0101] As described above, the Wireless communication
apparatus and the Wireless communication method according

prescribed value, and has a relatively small frame length.

to the second embodiment of the present invention exert

Furthermore, frame F2' is transmitted to the terminal 3 as an

[0099]

In contrast, if the counter value reaches the number

of inhibitions (step S23, YES), the instruction section 53
instructs the transmission data generation section 60 to cancel
the limitation of the siZe of the transmission data (step S41).
That is, the instruction section 53 stops outputting the limi
tation instruction.

[0100]

Thus, the transmission data generation section 60

can generate transmission data With any data siZe. The pro

cessing thereafter proceeds to step S28.

transmission data With a data siZe limited to at most the

effects similar to those of the ?rst embodiment even for a

acknowledge expecting frame. Upon failing to transmit frame

Wireless LAN system that does not aggregate frames. This
effect Will be described beloW in detail.
[0102] In general, the siZe of a transmission frame depends
on the siZe of transmission data except When the siZe is preset
to a given value. That is, the siZe of the frame increases
consistently With the data siZe of the transmission data.

F2', the base station cannot receive the ACK frame for
MPDUS.
[0107] Thus, the base station 2 determines that communi
cation at 130 Mbps is difficult. Then, at the time t3, the base
station 2 sets the transmission rate back to 117 Mbps and
retransmits the frame at the resulting transmission rate. Even
at this point in time, the frame control section 49 outputs the

Namely, the increased data siZe increases frame length,
resulting in the need for a long time for transmission of the
frame. Thus, in this case, a problem occurs Which is similar to
that described in the ?rst embodiment. This Will be described
With reference to FIG. 12. FIG. 12 is a timing chart of data
transmission according to the conventional Wireless commu
nication method. FIG. 12 shoWs hoW frames are transmitted

and received betWeen the transmission side (for example, the
Wireless LAN base station) and the reception side (for
example, the Wireless LAN terminal) as Well as transmission

rates used. The data siZe (frame length) of each frame is
shoWn as the length along the time axis of the frames in the
FIG. 12.

[0103] As shoWn in FIG. 12, the Wireless LAN base station
is communicating Wirelessly With the Wireless LAN terminal
using a transmission rate of 117 Mbps. First, the base station
successfully transmits a frame F1 and receives the ACK frame
from the terminal. It is assumed that at time t1, the base station
increases the transmission rate from 117 Mbps to 130 Mbps
and transmits a frame F2 With a relatively large frame siZe at
the increased transmission rate. HoWever, it is then assumed
that the base station fails to transmit frame F2. Thus, at time
t2, the base station sets the transmission rate back to 117

Mbps and retransmits frame F2 at the resulting transmission
rate.

[0104] In the above-described example, Whether or not
communication is possible at 130 Mbps cannot be determined
until the transmission of frame F2 With the long frame length
is completed. If as a result, frame F2 cannot be transmitted,
frame F2 With the long frame length needs to be transmitted
again. That is, a problem occurs Which is similar to that
occurring When A-MPDU2 is transmitted at the transmission
rate of 130 Mbps.

[0105] In this connection, in the con?guration according to
the present embodiment, the frame transmitted immediately
after the sWitching of the transmission rate has a frame siZe
equal to or smaller than the prescribed, that is, a relatively

small frame siZe. The frame further requests the acknowledge
frame. Thus, the above-described possible overhead can be
reduced. This effect Will be described With reference to FIG.
13. FIG. 13 is a timing chart of data transmission in accor

limitation instruction and the acknoWledge instruction
because of the change in transmission rate. Consequently, the
frame transmitted at time t3 has its data siZe limited; frame F2'
is retransmitted. Then, the counter value in the counter 50
becomes equal to the number of inhibitions. As a result, the
limitation instruction and the acknoWledge instruction are

canceled, With the remaining frame F3 transmitted.
[0108] With the method according to the present embodi
ment, the period during Which communication is di?icult,
that is, the period during Which the transmission rate is 130
Mbps, is AT2 from time t1 to time t3, Which is shorter than
AT1 from time t1 to time t2 in FIG. 12. Furthermore, accord
ing to the present embodiment, the frame to be retransmitted

is frame F2' With the short frame length, reducing the time
required for retransmission, compared to the case in Which
frame F2 With the long frame length is retransmitted as shoWn
in FIG. 12.

[0109]

Therefore, the present embodiment exerts effects

similar to those of the ?rst embodiment.

[0110] As described above, With the Wireless communica
tion apparatus and the Wireless communication method
according to the ?rst and second embodiments of the present
invention, When the frame transmission rate is sWitched by
the link adaptation function or the like according to the com
munication status, the frame With the short frame length is

transmitted immediately after the sWitching. Moreover, the
transmitted frame requires
particular, if the A-MPDU
802.1ln standards is used,
inhibiting the aggregation

an acknoWledgement frame. In
function according to the IEEE
the frame length is reduced by
When the transmission rate is

sWitched. This enables quick determination of Whether or not
communication is possible at the sWitched transmission rate.
As a result, the data transmission ef?ciency can be improved.

[0111]

That is, the Wireless communication apparatus

according to the above-described embodiments includes the
transmission section 32 Which transmits data using Wireless
communication; and the control section 44 Which controls the
transmission rate for the transmission section 32, the control
section limiting the data siZe of data to be transmitted to at
most the prescribed value and requesting a transmission

