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ABSTRACT

A plurality of data packets that contain sequence numbers,
respectively, are transmitted simultaneously between two stations (STAs) by
using a wireless channel and multiple inputs and multiple outputs (MIMO). An
STA recetving the plurality of data packets, transmitted simultaneously by using
MIMO, generates a single acknowledgement (ACK) packet containing
information that corresponds to a sequence number of each data packet
successtully received, and transmits the single ACK packet to a transmit-side STA
without using MIMO. Thus, a radio of successful ACK packet receptions to total
receptions can be increased. An effect of improving throughput achieved by

simultaneous transmission can also be ensured.
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DESCRIPTION

WIRELESS PACKET COMMUNICATION METHQD AND APPARATUS

TECHNICAL FIELD

The present invention relates to a wirgless packet communication method for

transferring a plurality of data packets simultaneously between stations (hereinafter, STAs)
by using Multiple Input Multiple Ouipui (hereinafter, MIMQ). More particularly, the
present invention relates to a wircless packet communication method for retransmission

processing in the case where data packets are not transferred normally.

BACKGROUND ART

[n a conventional wireless packet communication apparatus, a wireless channel to be
used is determined in advance. Prior to lransmission of data packets carrier sense 1s
performed (0 detect whether or not that wireless channel is idle. Only when that wireless
channel is idle, one data packet is transmitted. This management process enables & plurality
of STAs to share one wireless channel in a staggered manner ((1) “International Standard
ISO/IEC 8802-11 ANSVIEEE Std 802.11, 1999 edition, information technology —
Telecommunications and information exchange between System — Local and metropolitan
area networks — Specific requirements - Part II: Wireless LAN Medium Acces Control
(MAC) and Physical Layer (PHY) specifications™, (2) "Low-powered Data Communication
System/Broadband Mobile Access Communication System (CSMA) Standard”, ARIB
SDT-T71 version 1.0, Association of Radio Industries and Businesses, settled in 2000).

On the other hand, a wireless packet communication method is studied in order to

improve transmission efliciency of data packets, m which a plurality of data packets are
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transmitted simultaneously on one wireless channel by using a known MIMO technique

(Kurosaki et al.,, “100Mbit/s SDM-COFDM over MIMO Channel for Broadband Mobile

Communications”, Technical Reports of the Institute of Electronics, Information and
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Communication Engineers, A - P 2001-96, RCS2001-135(2001-10)). In the space division
multiplexing (SDM), different data packets are transmitted from a plurality of antennas on
the same wireless channel at the same time. The data packets transmitted at the same
time on the same wireless channel are received by digital signal processing that can deal
with the difference in propagation coefficients of the respective data packets received by a
nlurality of wireless antennas of an opposed STA.

Fig. 14 shows a relationship between a transmitting signal and a receiving signal in
MIMO. The relationship between the transmitting signal and the receiving signal is
represented by a determinant shown in Fig. 14. Propagation coefficients hxx are unknown
on a receive side. Thus, the receive side estimates those propagation coefficients, obtains
an inversion matrix of a transmission coefficient containing the propagation coefficients,
and calculates transmitting values sl1, s2, and s3 from the obtained inversion matrix.and
receiving values rl, r2, and r3.

In general, the propagation coefficients hxx are changed with time and are also
changed by a change in a wireless channel such as fading, reduction in signal intensities,
and the like. Moreover, when MIMO number is increased, an effect of the change in the
wireless channel on the channel condition becomes large. That is, a packet error rate or a
bit error rate becomes larger with the increase of the MIMO number. Therefore, the MIMO
number is determined (limited) in accordance with the propagation coefficients and the like.

When transmission of a data packet is unsuccessful, the receive side transmits a
response packet indicating that failure or does not transmit any respo.nse packet. In this
case, the transmitting side determines that transmission of the data packet is unsuccessful,
and retransmits the data packet. However, retransmission of data packets simultaneously

transmitted using MIMO is not specifically defined. Thus, a problem in the case where a

conventionai retransmission process is applied to such simultaneous transmission is now
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described.

Fig. 15 shows a general processing on exchanging data packets. After a transmit-
<ide STA transmits a data packet, a receive-side STA transmits an acknowledgement
(hereinafter, ACK) packet for the received data packet, thereby giving notice of information
about the ratio of successful receptions of data packets to total receptions in the past on the
receive—side STA. That method for transmitting an ACK packet can be applied without
change to a wireless packet communication method that uses MIMO. In this case, It is
considered that a packet exchange sequence as shown in Fig. 16 is performed.

An STA receiving a plurality of data packets multiplexed by MIMO generates ACK
packets. The number of those ACK packets is the same as the number of data packets that
are successfully received. The thus generated ACK packets are sent back to an 5TA that is
a sender of the data packets while being multiplexed by MIMO. As the number of the data
packets successfully received increases, the number of the ACK packets multiplexed by
MIMO also increases. As a result, a ratio of successful ACK packet receptions to total
receptions becomes lower with the increase of data packets successfully received. Thus, an
effect of improving throughput achieved by transmission of data packets using MIMO is
weakened.

This is because the transmit-side STA cannot distinguish failure in receiving of the
data packets on the receive-side STA from failure in receiving of the ACK packets sent from
the receive-side STA on the transmit-side STA. Thus, when the transmit-side STA does
not receive the ACK packet, the transmit-side STA determines that transmission of the data
nacket is unsuccessful and retransmits the data packet. Therefore, in the case where the
ratio of successful ACK packet receptions to total receptions is low, it is highly likely that the

transmitting side wrongly determines that transmission of the data packet is unsuccessful

although the receive side successfully receives the data packet. As a result, unnecessary
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control, 1.e., transmission of the data packet that does not require retransmission 1s

performed, thus reducing usability of a wireless channel.

It 1s an object of the present invention to, in the case where a transmit-
side STA transmits a plurality of data packets simultaneously by using MIMO,
surely transmit a packet contaiming information about the ratio of successful

receptions of data packets and total receptions in the past from a receive side,

thereby achieving high throughput.

DISCLOSURE OF THE INVENTION

According to an embodiment of the invention, a plurality of data
packets that are transmitted simultaneously between two STAs by using a wireless
channel and MIMO contain predetermined sequence numbers for distinguishing
the data packets from each other, respectively. An STA receiving those data
packets transmitted simultaneously by using MIMO generates a single
acknowledge packet containing information that corresponds to a sequence
number of each data packet successfully received, and transmits the single
acknowledge packet to a transmit-side STA without using MIMO.

The mvention further provides that when a plurality of data packets
are received, receiving results are stored as a whole in a single ACK packet, and
the ACK packet 1s transmitted without being multiplexed by MIMO. Thus, a ratio
of successful ACK packet receptions to total receptions can be increased.
Therefore, an effect of improving throughput achieved by simultaneous
transmission of data packets using MIMO can be ensured. Please note that a
standard length of an ACK packet at present is extremely shorter than a length of
a data packet, and increase in the length of the ACK packet is very small even if
the receiving results of the data packets are added to the ACK packet. Therefore,
the effect of improving the throughput cannot be impeded.

According to a further embodiment of the invention, a transmit-side
STA transmits a plurality of data packets simultaneously by using MIMO and

thereafter transmits a negative acknowledgement request packet (hereinafter,
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NACK request packet) for requesting a negative acknowledge packet (hereinafter,
NACK packet) from a receive-side STA without using MIMO. The NACK

request packet contains information that corresponds to the sequence numbers of
all the data packets transmitted simultaneously. The receive-side STA receives
the plurality of data packets transmitted simultaneously by using MIMO,
generates a single NACK packet contaming information that corresponds to a
sequence number of each data packet not received unsuccesstully among the
sequence numbers acquired by receiving the NACK request packet, and transmits
the single NACK packet to the transmit-side STA without using MIMO.

The invention further provides that the NACK request packet and the
NACK packet are transmitted without being multiplexed by MIMO. Therefore, a
ratio of successful packet receptions to total receptions can be increased.

The i1nvention further provides that a transmit-side STA
simultaneously transmits a plurality of data packets continuously by using MIMO,
and thereafter transmits an acknowledgement request packet (hereinafter, ACK
request packet) for requesting an ACK packet from a receive-side STA without
using MIMO. The ACK request packet contains information that corresponds to
sequence numbers of all the data packets transmitted simultaneously continuously.
The receive-side STA receives the plurality of data packets transmitted
simultaneously continuously by using MIMO, generates a single ACK packet
containing information that corresponds to a sequence number of each data packet
successfully received among the sequence numbers acquired by receiving the
ACK request packet, and transmits the single ACK packet to the transmit-side
STA without using MIMO.

The invention still further provides that when receiving a plurality of
data packets that are transmitted simultaneously continuously by using MIMO,
the receive-side STA also stores all receiving results as a whole in one ACK
packet and transmits that ACK packet without using MIMO. Therefore, a ratio of
successtful ACK packet receptions to total receptions can be increased. Moreover,

a rat1io of successful ACK packet receptions to total receptions can be increased
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also because the ACK request packet i1s also transmitted without being

multiplexed by MIMO.

According to a further embodiment of the invention, a transmit-side
STA simultancously transmits a plurality of data packets continuously by using
MIMO, and thereafter transmits a NACK request packet for requesting a NACK
packet from a recetve-side STA without using MIMO. The NACK request packet
contains information that corresponds to sequence numbers of all the data packets
transmitted simultaneously continuously. The receive-side STA receives the
plurality of data packets transmitted simultaneously continuously by using
MIMO, generates a single NACK packet containing information that corresponds
to a sequence number of each data packet not received successfully among the
sequence numbers acquired by recetving the NACK request packet, and transmits
the single NACK packet to the transmit-side STA without using MIMO.

The invention further provides that when receiving a plurality of data
packets that are transmitted simultaneously continuously by using MIMO, the
receive-side STA also stores all receiving results in one NACK packet and
transmits the NACK packet without using MIMO. This makes it possible to
increase a ratio of successful NACK packet receptions to total receptions.
Moreover, 1t 1s possible to increase a ratio of successful NACK request packet
receptions to total receptions also because the NACK request packet is also
transmitted without being multiplexed by MIMO.

According to a further embodiment of the invention, the STA
transmitting the ACK packet transmits the ACK packet at a transmission rate that
falls within a range from a lowest one of transmission rates the STA has to a
lowest one of transmission rates at which the STA has successfully received data
packets.

According to another embodiment of the invention, the STA
transmitting the NACK packet transmits the ACK packet at a transmission rate
that falls within a range from a lowest one of transmission rates the STA has to a

lowest one of transmission rates at which the STA has successfully received data
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packets.
According to a further embodiment of the invention, the STA

transmitting the ACK request packet or NACK request packet transmits the ACK
request packet or NACK request packet at a transmission rate that falls within a

range tfrom a lowest one of transmission rates the STA has to a lowest one of
transmission rates at which the STA has transmitted data packets.

In the invention, according to further embodiments, appropriately
setting the transmission rate can increase the ratio of successful receptions of the

ACK packet, NACK packet, ACK request packet, and NACK request packet to

total receptions.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flowchart according to a first embodiment of the present
Invention;

Fig. 2 1s a time chart of an exemplary operation in the first
embodiment of the present invention:;

Fig. 3 1s a flowchart according to a second embodiment of the present
invention;

Fig. 4 is a time chart of an exemplary operation in the second
embodiment of the present invention;

Fig. 5 1s a flowchart according to a third embodiment of the present
invention;

Fig. 6 1s a time chart of an exemplary operation in the third

embodiment of the present invention;
Fig. 7 is a time chart of an exemplary operation of a fourth

embodiment of the
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present invention;

Fig. 8 is a flowchart according to a fifth embodiment of the present invention:

Fig. 9 is a time chart of an exemplary operation in the fifth embodiment of the
present invention;

Fig. 10 is a time chart of an exemplary operation in a sixth embodiment of the
present tnvention;

Fig. 11 illustrates a structure of a data packet;

Fig. 12 illustrates structures of an extended ACK packet and an extended NACK

packet;

Fig. 13 illustrates structures of an extended NACK request packet and an extended

ACK request packet;

Fig. 14 shows a relationship between a transmitting signal and a receiving signal in
MIMO;
Fig. 15 shows a general processing on exchanging data packets; and

Fig. 16 shows an exemplary method for transmitting an ACK packet in MIMO.

BEST MODE FOR CARRYING OUT THE INVENTION
[Embodiment 1]
Fig. 1 is a Hlowchart according to a first embodiment of the present invention. Fig.
2 shows an exemplary operation in the first embodiment of the present invention.
A data packet contains a data part and also contains packet type information,
identification information (ID) of a receive-side STA, identification information (ID) of a
transmit-side STA, a sequence number assigned for distinguishing a plurality of data

packets transmitted simultaneously from each other, and a smallest one of sequence

numbers of the data packets transmitted simultaneously, as shown in Fig. 11.

8
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In the present embodiment, an ACK packet that gives notice of successful receiving
of a plurality of data packets as a whole is called as an extended ACK packet. This
extended ACK packet contains packet type information, receive-side STA |D (a transmit-
side STA of a data packet), and a sequence number of each data packet successfully
received, in an example of Fig. 12(1). Alternatively, in an example of Fig. 12(2), a bitmap is
used instead of describing the sequence number of each data packet successfully received.
This bitmap represents successful receiving of a data packet by setting a bit corresponding
to the sequence number of that data packet to a value in accordance with success or failure
in receiving of that data packet. The most significant bit (MSB) in the bitmap corresponds
to one of a plurality of data packets transmitted simultaneously that has the smallest
sequence number. Please note that the example of Fig. 12(2) is used for responding to an
extended ACK request packet that will be described later.

Returning to Fig. 1, a receive-side STA determines whether or not there is a
receiving sighal (S001). When sensing the receiving signal, the receive-side STA
determines whether or not one or more data packets are received (5002). In the case
where at least one data packet is received, the receive-side STA acquires a transmit-side
STA ID, a receive-side STA ID, and information on a sequence number that are contained in
each of all received data packets (5003).

Then, the receive-side STA determines whether or not the received data packet is
addressed to an own STA. When the received data packet is addressed to another STA, the
receive-side STA discards the received data packet (S004 and S008). When the received
packet is addressed to the own STA, the own STA performs a receiving processing on each
data packet (S005) and generates an extended ACK packet containing information

corresponding to a sequence number of each data packet (S006). Then, the receive-side

STA transmits the extended ACK packet to an STA that is a sender of the data packets

9
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without using MIMO (5007).

In the exemplary operation of Fig. 2, SG1 to SG4 represent signals of respective
series multiplexed by MIMO. In this example, a case is considered in which signals of four
series are multiplexed by MIMO. SN1 to SN&8 represent sequence numbers of data packets,
respectively.

A transmit-side STA 1 transmits four data packets simultaneously on one wireless
channel by using MIMO after carrier sense having a constant duration. A receive-side STA
2 generates an extended ACK packet containing information that corresponds to a
sequence number of each data packet successfully received among the sequence numbers
SN1 to SN4 of the four data packets transmitted simultaneously. The STA 2 transmits the

extended ACK packet to the STA 1 without multiplexing it by MIMO. The above operation
IS repeated.
[Embodiment 2]

Fig. 3 is a flowchart according to a second embodiment of the present invention.
Fig. 4 shows an exemplary operation in the second embodiment of the present invention.

In the present embodiment, one NACK packet that gives notice of failure in
receiving of a plurality of data packets as a whole is called as an extended NACK packet.
This extended NACK packet is similar to the extended ACK packet shown in Fig. 12, and
contains packet type information, receive~side STA ID (a transmit-side STA of data packets),
and a sequence number of each data packet not received successfully in the example of Fig.
12(1). Alternatively, in the example of Fig. 12(2), instead of describing the sequence
number of each data packet not received successfully, a bitmap is used. The bitmap
represents failure in receiving of a data packet by setting a bit corresponding to the
sequence number of that data packet to a value in accordance with success or failure in

receiving of that data packet. The most significant bit (MSB) in the bitmap corresponds to a

10
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data packet having the smallest sequence number among a plurality of data packets
transmitted simultaneously.

The NACK packet is sent back to the transmit-side STA of the data packets in
response to a NACK request packet transmitted from the transmit-side STA of the data
packets for confirming success and failure in receiving of the respective data packets. In
the present embodiment, one NACK request packet for requesting a notice of success and
failure in receiving of a plurality of data packets transmitted simultaneously is called as an
extended NACK request packet. An extended ACK request packet for requesting an
extended ACK packet is similar to the NACK request packet.

Each of the extended ACK request packet and the extended NACK request packet
contains packet type information, a receive-side STA ID (a receive-side STA of data packets),
a transmit-side STA ID (a transmit-side STA of the data packets), and sequence numbers of
all the data packets transmitted simultaneously in an example of Fig. 13(1). Alternatively,
in an example of Fig. 13(2), instead of describing the sequence numbers of all the data
packets transmitted simultaneously, the smallest sequence number of the data packets
transmitted simultaneously and the number of the data packets transmitted simultaneously
are described.

Referring to Fig. 3, a receive-side STA determines whether or not there is a
recefving signal (S001). When sensing the receiving signal, the receive-side STA detects
whether or not that receiving signal is an extended NACK request packet to the own STA
(S101). In the case where the receiving signal is not the extended NACK request packet to
the receive-side STA, the receive-side STA determines whether or not one or more data

packets are received (S002). When receiving at least one data packet, the receive-side STA

acquires a transmit-side STA ID, a receive-side STA 1D, and information on a sequence

number that are contained in each of all the received data packets (S003).

11
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Then, the receive-side STA determines whether or not the received data packet is
addressed to an own STA. When the received data packet i1s addressed to another STA, th'e
receive-side STA discards the data packet (S004 and S008&). When the received data packet
is addressed to the own STA, the STA performs a receiving processing on each data packet

(5005) and goes back to Step SOO1 in order to receive the extended NACK request packet to

the own STA.

When receiving the extended NACK request packet in Step S101, the receive-side
STA generates a single extended NACK packet containing information that corresponds to a
sequence number of each data packet not received successfully among all the data packets
for which information on success and failure in receiving is requested by that extended
NACK request packet (§102). Then, the receive-side STA transmits the extended NACK
packet to an STA that is a sender of the data packets without using MIMO (S103). Please

note that, in the case where all the data packets transmitted simultaneously are successfully

received, the extended NACK packet may not be generated.

In the case where there is no data packet successfully received in Step S002, the
receive-side STA receives the extended NACK request packet to the own STA (S101) and
generates a single extended NACK packet that contains information corresponding to a
sequence number of each data packet not received successfully among all the data packets
that are transmitted simultaneously in Step S102.

In the exemplary operation of Fig. 4, SG1 to SG4 represent signals of respective
series multiplexed by MIMO. In this example, a case is considered in which signals of four
series are multiplexed by MIMO. SN1 to SN4 represent sequence numbers of data packets,

respectively. In this example, it is assumed that a data packet having a sequence number

SN2 is not received successfully.

A transmit-side STA T transmits four data packets simultaneously on one wireless

I 2
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channel by using MIMO after carrier sense having a constant duration, and then transmits
an extended NACK request packet. An STA 2 on a receiving side receives the extended
NACK request packet and then generates a single extended NACK packet storing
information on the sequence number SN2 of the data packet not received successfully. The
STA 2 transmits the extended NACK packet to the STA 1 without multiplexing it by MIMO.
The above operation is repeated.

[Embodiment 3]

Fig. S is a flowchart according to a third embodiment of the present invention. Fig.
6 shows an exemplary operation in the third embodiment of the present invention.

In the present embodiment, a transmit-side STA 1 transmits four data packets SN
to SN4) simultaneously on one wireless channel by using MIMO after carrier sense having a
constant duration, and then simultaneously transmits four data packets (SN5 to SN&)
continuously by using MIMO. That is, the transmit-side STA 1 carries out continuous
simultaneous transmission of data packets. Continuous transmission of data packets can
use a Group ACK procedure discussed in IEEE802.11TGe or the like.

An extended ACK request packet and an extended ACK packet used in the present
embodiment have the structures shown in Figs. 13 and 12, respectively.

Referring to Fig. 5, a receive-side STA determines whether or not there is a
receiving signal (S001). When sensing the receiving signal, the receive-side STA detects
whether or not the receiving signal is an extended ACK request packet to the own STA
(S201). In the case where the receiving signal is not the extended ACK request packet to
the receive-side STA, the own STA determines whether or not one or more data packets are

received (S002). In the case where at least one data packet is received, the receive-side
STA acquires a transmit-side STA ID, a receive-side STA ID, and information on a sequence

number that are contained in each of all the received data packets (5003).

13
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Then, the receive-side STA determines whether or not the received data packet is

addressed to an own STA. In the case where the receive-side STA receives data packets is
addressed to another STA, the receive-side STA discards those data packets (S004 and
S008). In the case where the received data packet is addressed to the own STA, the STA
nerforms a receiving processing on the respective data packets (5005) and goes back to
Step SOO01 in order to receive data packets that are transmitted simultaneously continuously
or an extended ACK reguest packet to the own STA. For the data packets transmitted
simultaneously continuously, the receiving processing is repeated in Steps S001 to 5005.

When receiving the extended ACK request packet in Step S201, the receive-side
STA generates a single extended ACK packet containing information that corresponds to a
sequence number of each data packet successfully received among all the data packets for
which information on success and failure in receiving is requested by the received extended
ACK request packet (§202). The receive-side STA then transmits the extended ACK packet
to a transmit-side STA of the data packets without using MIMO (5203).

In the case where there is no data packet successfully received in Step S002, the
receive—side STA receives the extended ACK request packet to the own STA (5201) and
generates a single extended ACK packet indicating that all the data packets transmitted
simultaneously is not received successfully (§202).

In the exemplary operation of Fig. 6, SG1 to SG4 represent signals of respective
series multiplexed by MIMO. In this example, a case is considered in which signals of four
series are multiplexed by MIMO. SN1 to SN& represent sequence numbers of data packets,
respectively. In this example, data packets having sequence numbers SN1 to SN4 are

transmitted simultaneously, and thereafter data packets having sequence numbers SN5 to

SN& are transmitted simultaneously continuously.
A transmit-side STA 1 simultaneously transmits eight data packets continuously on

14
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one wireless channel by using MIMO after carrier sense having a constant duration. Then,

the transmit-side STA 1 transmits an extended ACK request packet. An STA 2 on a
receiving side receives the extended ACK request packet and then generates a single
extended ACK packet storing information on a sequence number of each data packet
successfully received. The STA 2 transmits the extended ACK packet to the STA 1 without
multiplexing it by MIMO. The above operation is repeated.

(Embodiment 4]

A fourth embodiment has a feature that the extended ACK request packet
transmitted from the transmit-side STA is replaced with an extended NACK request packet
and the extended ACK packet transmitted from the receive-side STA is replaced with an
extended NACK packet in the third embodiment shown in Fig. 5. A procedure is basically
the same as that in the third embodiment. Fig. 7 shows an exemplary operation in the
fourth embodiment of the present invention.

In the exemplary operation of Fig. 7, SG1 to SG4 represent signals of respective
series multiplexed by MIMO. In this example, a case is considered in which signals of four
series are multiplexed by MIMO. SN1 to SN8 represent sequence numbers of data packets,
respectively. Data packets respectively having sequence numbers SN1 to SN4 are
transmitted simultaneously, and thereafter data packet respectively having sequence
numbers SN5 to SN& are transmitted simultaneously continuously. In this example, data
packets having sequence numbers SN3 and SN7 is not received successfully.

A transmit-side STA 1 simuitaneously transmits eight data packets continuously on
one wireless channel by using MIMO after carrier sense having a constant duration, and then
transmits an extended NACK request packet. An STA 2 on a receiving side receives the
extended NACK request packet and then generates a single extended NACK packet storing

therein information on the sequence numbers SN3 and SN7 of the data packets not received
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successfully. The STA 2 transmits the extended NACK packet to the STA 1 without

multiplexing it by MIMO. The above operation is repeated.
[Embodiment 5]

Fig. 8 is a flowchart according to a fifth embodiment of the present invention. Fig.
9 shows an exemplary operation of the fifth embodiment of the present invention.

In the present embodiment, a transmission rate of the extended ACK packet or
extended NACK packet is selected in the case where transmission rates for respective series
multiplexed by MIMO can be independently set in the first to fourth embodiments. For
example, a lowest one of transmission rates of a plurality of data packets successfully
received or a lowest one of transmission rates for respective series that are preset is
selected.

The flowchart shown in Fig. 8 is similar to that in the first embodiment. Changed
parts in this flowchart are now described.

In Step SO03B in Fig. 8, a receive-side STA acquires a transmit-side STA ID, a
receive-side STA ID, and a sequence number for each data packet, and also acquires a
transmission rate (a bit rate in transmission) of each data packet. The procedure then goes
from Step S006 to Step S301 where the receive-side STA selects a transmission rate that
does not exceed the lowest one of the transmission rates of the data packets successfully

received, as a transmission rate used for transmission from the own STA. Therefore, when

transmitting the extended ACK packet in Step S007, the receive-side STA uses a series

corresponding to the selected transmission rate.
In the case where the lowest one of the transmission rates for respective preset
series is selected as the transmission rate of the extended ACK packet, it is not necessary to

acquire the transmission rate of each received data packet in Step SO03B.

In the exemplary operation of Fig. 9, SG1 to SG4 represent signals of respective
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series that are multiplexed by MIMO. In this example, a case is considered in which signals
of four series are multiplexed by MIMO. SN1 to SN&8 represent sequence numbers of data
packets, respectively. Transmission rates for SG1 to SG4 are 24 Mbps, 18 Mbps, 6 Mbps,
and 12 Mbps, respectively.

A transmit-side STA 1 transmits four data packets simultaneously on one wireless
channel by using MIMO after carrier sense having a constant duration. An STA 2 on a
receiving side receives the four data packets transmitted simultaneously and acquires
transmission rates of the respective data packets. Then, the STA 2 generates an extended
ACK packet that stores information corresponding to a sequence number of each data
packet successfully received. The STA 2 selects 6 Mbps that is the lowest transmission rate
in the case where all the data packets are successfully received, as the lowest one of the
transmission rates of a plurality of data packets received at the same time. The extended
ACK packet is transmitted to the STA 1 at a transmission rate of 6 Mbps without being
multiplexed by MIMO. The above operation is repeated.

[Embodiment 0]

In a sixth embodiment, a transmission rate of an extended ACK request packet or
an extended NACK request packet and a transmission rate of an extended ACK packet or an
extended NACK packet are selected in the case where transmission rates for respective
series that are multiplexed by MIMO can be independently set in the second to fourth
embodiments. For example, the lowest one of the transmission rates for respective series
that are present is selected as the transmission rate of the extended ACK request packet or
extended NACK request packet, while a transmission rate that does not exceed the lowest
transmission rate of a plurality of data packets successfully received is selected as the

transmission rate of the extended ACK packet or extended NACK packet. Fig. 10 is a time

chart showing an exemplary operation corresponding to the sixth embodiment.
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In the exemplary operation of Fig. 10, SG1 to SG4 represent signals of respective
series multiplexed by MIMO. In this example, a case is considered in which signals of four
series are multiplexed by MIMO. SNIT to SN4 represent sequence numbers of data packets,
respectively. Transmission rates for SG1 to SC4 are 24 Mbps, 18 Mbps, 6 Mbps, and 12
Mbps, respectively.

A transmit-side STA 1 transmits four data packets simultaneously on one wireless
channel by using MIMO after carrier sense having a constant duration, and then transmits
an extended NACK request packet at a transmission rate of 6 Mbps that is the lowest one of
the transmission rates for the respective series without using MIMO. An STA 2 on a
receiving side receives the four data packets transmitted simultaneously and the extended
NACK request packet transmitted without using MIMO. Then, the STA 2 generates an
extended NACK packet storing information that corresponds to a sequence number of each
data packet not received successfully. The STA 2 selects 6 Mbps as the lowest one of the
transmission rates of the data packets received at the same time, in the case where all the
data packets are successfully received. The extended ACK packet is transmitted to the STA
1 at a transmission rate of 6 Mbps without being multiplexed by MIMO. The above

operation is repeated.

INDUS TRIAL APPLICABILITY
According to the present invention, a reception ACK packet (an ACK packet, a NACK
packet) and a reception ACK request packet (an ACK request packet, a NACK request
packet) are transmitted without being multiplexed by MIMO. This increases a ratio of
successful receptions to total receptions. Thus, it is possible to reduce occurrence of

incidents that a sender STA unnecessarily retransmits data packets, faultily recognizing a

receiving condition of data packets in a receive-side STA, which can improve the throughput.
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CLAIMS,

1. A wireless packet communication method for transmitting a plurality

of data packets simultaneously between two stations (STAs) by using a wireless
channel and multiple inputs and multiple outputs (MIMO), characterized by
comprising:

including predetermined sequence numbers (SN1, SN2, SN3, SN4) in
said plurality of data packets, respectively, the predetermined sequence numbers
being for distinguishing said plurality of data packets from each other; and

generating a single acknowledgement (ACK) packet at an STA which
has recerved said plurality of data packets transmitted simultaneously by using
MIMQ, and transmitting the single ACK packet to a transmit-side STA from the
STA without using MIMO, the single ACK packet containing information that

corresponds to a sequence number of a data packet successfully received.

2. A wireless packet communication method for transmitting a plurality
of data packets simultaneously between two stations (STAs) by using a wireless
channel and multiple inputs and multiple outputs (MIMO), characterized by
comprising:

including predetermined sequence numbers (SN1, SN2, SN3, SN4) in
said plurality of data packets, respectively, the predetermined sequence numbers
being for distinguishing said plurality of data packets from each other;

transmitting said plurality of data packets simultaneously from a
transmit-side STA by using MIMO and thereafter transmitting a negative
acknowledgement (NACK) request packet from the transmit-side STA without
using MIMO, the NACK request packet being for requesting a NACK packet
from a receive-side STA and containing information that corresponds to sequence

numbers of all of data packets transmitted simultaneously; and
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recelving said plurality of data packets transmitted simultaneously by
using MIMO and generating said single NACK packet at the receive-side STA,
and transmitting the single NACK packet to the transmit-side STA from the
recerve-side STA without using MIMO, the single NACK packet containing
information that corresponds to a sequence number of a data packet not received ‘

successtully among the sequence numbers acquired by receiving said NACK

request packet.

3. A wireless packet communication method for transmitting a plurality
of data packets simultaneously between two stations (STAs) by using a wireless
channel and multiple inputs and multiple outputs (MIMO), characterized by
comprising:

including predetermined sequence numbers (SN1, SN2, SN3, SN4) in
said plurality of data packets, respectively, the predetermined sequence numbers
being for distinguishing said plurality of data packets from each other:;

simultaneously transmitting a plurality of data packets continuously
from a transmit-side STA by using MIMO, and thereafter transmitting an
acknowledgement (ACK) request packet from the transmit-side STA without
using MIMO, the ACK request packet being for requesting an ACK packet from a
recerve-side STA and containing information that corresponds to sequence
numbers of all the data packets transmitted simultaneously continuously; and

recetving the plurality of data packets transmitted simultaneously
continuously by using MIMO and generating said single ACK packet at the
receive-side STA, and transmitting the single ACK packet to the transmit-side
STA from the receive-side STA without using MIMO, the single ACK packet
containing information that corresponds to sequence numbers of data packets
successfully received among the sequence numbers acquired by receiving said

ACK request packet.
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4, A wireless packet communication method for transmitting a plurality
of data packets simultaneously between two stations (STAs) by using a wireless
channel and multiple inputs and multiple outputs (MIMO), characterized by
comprising:

including predetermined sequence numbers (SN1, SN2, SN3, SN4) in
said plurality of data packets, respectively, the predetermined sequence numbers
being for distinguishing said plurality of data packets from each other; and

simultaneously transmitting a plurality of data packets continuously
from a transmit-side STA by using MIMO, and thereafter transmitting a negative
acknowledgement (NACK) request packet from the transmit-side STA without
using MIMO, the NACK request packet being for requesting a NACK packet
from a receive-side STA and containing information that corresponds to sequence
numbers of all the data packets transmitted simultaneously continuously;

recelving the plurality of data packets transmitted simultaneously
continuously by using MIMO and generating said single NACK packet at the
receive-side STA, and transmitting the single NACK packet to the transmit-side
STA from the receive-side STA without using MIMO, the single NACK packet
containing information that corresponds to a sequence number of a data packet not
successfully received among the sequence numbers acquired by receiving said

NACK request packet.

J. The wireless communication method according to Claim 1 or 3,
characterized in that

the STA transmitting said ACK packet transmits said ACK packet at a
transmission rate that falls within a range from a lowest one of transmission rates
the STA has to a lowest one of transmission rates at which the STA has

successfully received data packets.
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6. The wireless packet communication method according to claim 2 or 4,

characterized 1n that
the STA transmitting said NACK packet transmits said NACK packet
at a transmission rate that falls within a range from a lowest one of transmission

rates the STA has to a lowest one of transmission rates at which the STA has

successtully received data packets.

7. The wireless packet communication method according to any one of
Claims 2, 3, and 4, characterized in that

the STA transmitting said ACK request packet or said NACK request
packet transmits saild ACK request packet or said NACK request packet at a
transmission rate that falls within a range from a lowest one of transmission rates
the STA has to a lowest one of transmission rates at which the STA has

transmitted data packets.

8. A wireless packet communication apparatus for transmitting a
plurality of data packets simultaneously between two stations (STAs) by using a
wireless channel and multiple inputs and multiple outputs (MIMO), characterized
by comprising:

a transmit-side STA comprising a unit allowing predetermined
sequence numbers (SN1, SN2, SN3, SN4) to be included in said plurality of data
packets, respectively, and transmitting said plurality of data packets
simultancously by using MIMO, the predetermined sequence numbers being for
distinguishing said plurality of data packets from each other; and

a receive-side STA comprising: a unit receiving a plurality of data
packets transmitted simultaneously by using MIMO; a unit generating a single
ACK packet containing information that corresponds to a sequence number of a
data packet successfully received; and a unit transmitting said ACK packet to the

transmit-side STA without using MIMO.
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9. A wireless packet communication apparatus for transmitting a
plurality of data packets simultaneously between two stations (STAs) by using a
wireless channel and multiple inputs and multiple outputs (MIMO), characterized
by comprising:

a transmit-side STA comprising: a unit allowing predetermined
sequence numbers (SN1, SN2, SN3, SN4) to be included in said plurality of data
packets, respectively, and transmitting said plurality of data packets
simultaneously by using MIMO, the predetermined sequence numbers being for
distinguishing said plurality of data packets from each other; and a wunit
transmitting a NACK request packet without using MIMO after the simultaneous
transmission of said plurality of data packets, the NACK request packet being for
requesting a NACK packet from a receive-side STA and containing information
that corresponds to the sequence numbers of all of the data packets transmitted
simultaneously; and

sald receive-side STA comprising: a unit receiving the plurality of
data packets transmitted simultaneously by using MIMO; said unit generating a
single NACK packet containing information that corresponds to a sequence
number of a data packet not successfully received among the sequence numbers
acquired by receiving said NACK request packet; and a unit transmitting said

NACK packet to the transmit-side STA without using MIMO.

10. A wireless packet communication apparatus for transmitting a
plurality of data packets simultaneously between two stations (STAs) by using a
wireless channel and multiple inputs and multiple outputs (MIMO), characterized
by comprising:

a transmit-sidde STA comprising: a unit allowing predetermined
sequence numbers (SN1, SN2, SN3, SN4) to be included in said plurality of data

packets, respectively, and simultaneously transmitting said plurality of data
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packets continuously by using MIMO, the predetermined sequence numbers being
for distinguishing said plurality of data packets from each other; and a unit
transmitting an ACK request packet without using MIMO after the continuous
simultaneous transmission of said plurality of data packets, the ACK request
packet being for requesting an ACK packet from a receive-side STA and
contamning intormation that corresponds to the sequence numbers of all of the data
packets transmitted simultaneously continuously; and

said receive-side STA comprising: a unit receiving the plurality of
data packets transmitted simultaneously continuously by using MIMO; a unit
generating said single ACK packet containing information that corresponds to a
sequence number of a data packet successfully received among the sequence
numbers acquired by receiving said ACK request packet; and a unit transmitting

said ACK packet to the transmit-side STA without using MIMO.

11. A wireless packet communication apparatus for transmitting a
plurality of data packets simultaneously between two stations (STAs) by using a
wireless channel and multiple inputs and multiple outputs (MIMO), comprising
by:

a transmit-side STA comprising: a unit allowing predetermined
sequence numbers (SN1, SN2, SN3, SN4) to be included in said plurality of data
packets, respectively, and simultaneously transmitting said plurality of data
packets continuously by using MIMO, the predetermined sequence numbers being
for distinguishing said plurality of data packets from each other; and a unit
transmitting a NACK request packet without using MIMO after the continuous
simultaneous transmission of said plurality of data packets, the NACK request
packet being for requesting a NACK packet from a receive-side STA and
containing information that corresponds to the sequence numbers of all of the data

packets transmitted simultaneously continuously; and

24



CA 02515537 2007-01-04

the receive-side STA comprising: a unit receiving the plurality of data
packets transmitted simultaneously continuously by using MIMO; a unit
generating said single NACK packet containing information that corresponds to a
sequence number of a data packet not received successfully among the sequence
numbers acquired by receiving said NACK request packet; and a unit transmitting

sald NACK packet to the transmit-side STA without using MIMO.

12. The wireless packet communication apparatus according to Claim 8 or
10, characterized in that

the STA transmitting said ACK packet includes a unit transmitting
sald ACK packet at a transmission rate that falls within a range from a lowest one
of transmission rates the STA has to a lowest one of transmission rates at which

the STA has successfully received data packets.

13. The wireless packet communication apparatus according to Claim 9 or
11, characterized in that

the STA transmitting said NACK packet includes a unit transmitting
sald NACK packet at a transmission rate that falls within a range from a lowest
one of transmission rates the STA has to a lowest one of transmission rates at

which the STA has successfully received data packets.

14. The wireless packet communication apparatus according to any one of
Claims 9, 10, and 11, characterized in that

the STA transmitting said ACK request packet or said NACK request
packet includes a unit transmitting said ACK request packet or said NACK
request packet at a transmission rate that falls within a range from a lowest one of
transmission rates the STA has to a lowest one of transmission rates at which the

STA has transmitted data packets.
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