Office de la Proprieté Canadian CA 2522032 C 2009/03/24

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 522 032
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2004/09/09 (51) ClLInt./Int.Cl. HO4W 74/08 (2009.01),

HO4B /04 (2006.01), HO4L 12/28(2006.01),
HO4L 12/56 (2006.01)

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2005/03/24
(45) Date de délivrance/lssue Date: 2009/03/24

(85) Entree phase nationale/National Entry: 2005/10/11 NAGATA KENGO, JP:
(86) N° demande PCT/PCT Application No.: JP 2004/013483 KUMAGAI, TOMOAKI, JP;
o o OTSUKI, SHINYA, JP;
(87) N® publication PCT/PCT Publication No.: 2005/027555 SAITO KAZUYOSH!| JP:
(30) Priorité/Priority: 2003/09/09 (JP2003-317100) AIKAWA, SATORU, JP

(73) Proprietaire/Owner:
NIPPON TELEGRAPH AND TEL
CORPORATION, JP

(74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.

PHON

(54) Titre : PROCEDE ET DIPSOSITIF DE COMMUNICATION SANS FILS PAR PAQUETS
54) Title: WIRELESS PACKET COMMUNICATION METHOD AND APPARATUS

START

o1 W
STORE DATA IN TRANSMISSION BUFFER ?

Yes

SEARCH IDLE WIRELESS CHANNEL BY

CARRIER SENSE

S3
MANDATORY CHANNEL IDLE 7

Yes

RECONSTRUCT DATA PACKETS [N ACCORDANCE
WiTH THE NUMBERS OF [DLE CHANNELS AND
OF TRANSMISSION STAND-BY DATA PACKETS

SO THAT THEY HAVE THE SAME PACKET TIME
LENGTH FOR EVERY WIRELESS CHANNEL, AND
TRANSMIT THEM (SIMULTANEOUSLY)

(57) Abregé/Abstract:
In a wireless packet communication method for transmitting a plurality of wireless packets simultaneously by using multiple wireless
channels determined to be idle by carrier sense, a wireless channel determined to be idle and MIMO, or the multiple wireless

EORUIORIOR . o
b gy

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 s




CA 2522032 C 2009/03/24

anen 2 522 032
13) C

(57) Abrege(suite)/Abstract(continued):
channel and the MIMO, a mandatory channel that is always used for transmission Is set. The wireless packets are transmitted by
using the wireless channel(s) including the mandatory channel only when the mandatory channel is idle. That Is, In case of

transmitting a plurality of wireless packets simultaneously, transmission is performed by using the wireless channel(s) including the
mandatory channel, and transmission Is not performed when the mandatory channel is not idle.
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ABSTRACT

In a wireless packet communication method for transmitting a plurality of wireless

packets simultaneously by using multiple wireless channels determined to be idle by carrier
sense, a wireless channel determined to be idle and MIMO, or the multiple wireless channel

5 and the MIMO, a mandatory channel that is always used for transmission is set. The
wireless packets are transmitted by using the wireless channel(s) including the mandatory
channel only when the mandatory channel is idle. That is, in case of transmitting a plurality

of wireless packets simultaneously, transmission is performed by using the wireless
channel(s) including the mandatory channel, and transmission is not performed when the

10  mandatory channel is not idle.
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WIRELESS PACKET COMMUNICATION METHOD AND APPARATUS

TECHNICAL FIELD
The present invention relates to a wireless packet communication method and a
wireless packet communication apparatus for simultaneously transmitting a plurality of wireless

packets by using multiple wireless channels or Multiple Input Multiple Output (hereinafter,

MIMO).

BACKGROUND ART

In a conventional wireless packet communication apparatus, a wireless channel to be
used is determined in advance. Prior to transmission of a data packet, the wireless packet
communication apparatus performs carrier sense to detect whether or not that wireless channel
is idle. Only when that wifeless channel is idle, the wireless packet com;nunication apparatus
transmits one data packet. This management allows a plurality of stations (hereinafter, STA) to
share one wireless channel in a staggered manner ((1) IEEE 802.11 "MAC and PHY Specification
for Metropolitan Area Networks", IEEE 802.11, 1998, (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).

It is a feature of the present invention to avoid leakage power from affecting an

adjacent wireless channel, when transmitting wireless packets, so as to improve throughput by

simultaneous transmission.

DISCLOSURE OF THE INVENTION
According to a first broad aspect of the present invention, there is provided a wireless

packet communication method for transmitting a plurality of wireless packets simultaneously by
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using multiple wireless channels determined to be idle by carrier sense, a single wireless
channel determined to be idle and MIMO, or the multiple wireless channels and the MIMO. The
wireless packet communication method includes setting a mandatory channel that is always
used for transmission and transmitting the wireless packets by using a wireless channel or
wireless channels thaf includes/include the mandatory channel, only when the rﬁandatory
channel is idle.

In other words, for transmitting a plurality of wireless packets simultaneously,
transmission is performed by using the wireless channel(s) including the mandatory channel.
Transmission is not performed when the mandatory channel is not idle. Moreover, wireless
packets are always transmitted via wireless channels including the mandatory channel, and
when the mandatory channel is busy, transmission is not performed even if there is another
wireless channel. In other words, the mandatory channel can be regarded as a wireless channel
having the highest priority among wireless channels that have a plurality of priorities.

The invention according to a second broad aspect provides a wireless packet
communication method for transmitting a plurality of wireless nackets simultaneously by using
multiple wireless channels determined to be idle by carrier sense, a single wireless channel
determined to be idle and MIMO, or the multiple wireless channels and the MIMO. The wireless
packet communication method includes distinguishing an STA A, for which a mandatory
channel always used for transmission is set, from an STA B for which no mandatory channel is
set. Wireless packets addressed to the STA A are transmitted by using the wireless channel(s)'
including the mandatory channel, only when the mandatory channel is idle. Wireless packets
addressed to the STA B are transmitted by using the idle wireless channel(s).

The STA A has a similar function aS that of the invention described in the first broad

aspect of the invention. The STA B for which no mandatory channel is set, is made transmittable

even when the mandatory channel is busy.
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Another feature of the invention is such that the plurality of wireless packets
transmitted simultaneously are set to have the same or equivalent packet time length that
corresponds to a packet size or a transmission time in the invention of first or second broad
aspect.

The invention accordihg to a further broad aspect is such that in the invention recited
in the first and second broad aspect, wireless packets are simultaneously transmitted selectively
using the multiple wireless channels or MIMO in accordance with the number of pieces of data
or the number of MIMOs that depends on a channel condition.

The invention according to another broad aspect thereof provides a wireless packet
communication apparatus for transmitting a plurality of wireless packets simultaneously by
using multiple wireless channels determined to be idle by carrier sense, a wireless channel
determined to be idle and MIMO, or the multiple wireless channels and the MIMO. The wireless
packet communication apparatus includes a unit setting a mandatory channel that is always
used for transmission and transmitting the wireless packets by using the multiple wireless
channels or the wireless channel that include/includes the mandatory channel, only when the
mandatory channel is idle.

The invention according to a still further broad aspect provides a wireless packet
communication apparatus for transmitting a plurality of wireless packets simultaneously by
using multiple wireless channels determined to be idle by carrier sense, a single wireless
channel determined to be idle and MIMO, or the multiple wireless channels and the MIMO. The
wireless packet communication apparatus includes a unit distinguishing an STA A, for which a
mandatory channel that is always used for transmission is set, from an STA B for which no
mandatory channel is set, and determining destinations of the wireless packets. In case of
wireless packets addressed to the STA A, the uﬁit transmits the wireless packets by using the

multiple wireless channels or the wireless channel that include/includes the mandatory channel,

3
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only when the mandatory channel is idle. In case of wireless packets addressed to the STA B,
the unit transmits the wireless packets by using idle wireless channel or channels.
The invention further provides for the plurality of wireless packets transmitted
simultaneously are set to have the same or equivalent packet time length that corresponds to a
5 packet size or a transmission time.
The invention still provides that the wireless packets are simultaneously transmitted
selectively using the multiple wireless channels or MIMO in accordance with the number of

pieces of data or the number of MIMOs that depends on a channel condition.

10 " BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a flowchart according to a first embodiment of the present invention.
Fig. 2 is a time chart of an exemplary operation in the first embodiment of the present
invention.
Fig. 3 explains methods for reconstructing a data packet.
15 Fig. 4 is a flowchart according to a second embodiment of the present invention.
Fig. 5 is a time chart of an exemplary operation in the second embodiment of the
present invention.
Fig. 6 is a flowchart according to a third embodiment of the present invention.
Fig. 7 is a flowchart according to a fourth embodiment of the present invention.
20 Fig. 8 is a flowchart according to a fifth embodiment of the present invention.
Fig. 9 is a flowchart according to a sixth embodiment of the present invention.
Fig. 10 is a flowchart according to a seventh embodiment of the present invention.
Fig. 11 is a flowchart according to an eighth embodiment of the present invention.

Fig. 12 is a block diagram of an exemplary wireless packet communication apparatus

25 according to the present invention.
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Fig. 13 explains exemplary methods for transmitting a plurality of wireless packets
simultaneously by using multiple wireless channels.

Fig. 14 explains exemplary methods for transmitting a plurality of wireless packets
simultaneously by using multiple wireless channels (and MIMO).

Fig. 15 explains an effect of leakage power of a wireless channel.

Fig. 16 explain's a case where the effect of leakage power becomes a problem even if
packet time lengths of wireless packets transmitted simultaneously are made the same.

Fig. 17 shows a structure of a wireless packet used in the wireless packet
communication apparatus of the present invention.

In the prior art, as illustrated by Figure 13 and 14, a wireless packet communication
method is known in which, when multiple wireless channels are found idle by carrier sense, a
plura;lity of wireless packets are transmitted simultaneously by using the  wireless channels.

Fig. 13(1) shows a case where two wireless channels are idle for three wireless packets.
Two of the three wireless packets are transmitted simultaneously by using the two wireless
channels. Fig. 13(2) shows a case where three wireless channels are idle for two wireless
packets. All (two) wireless packets are transmitted simultaneously by using the two wireless
channels.

Fig. 14 shows a case where 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 Communication Engineers, A - P 2001-96,
RCS2001-135(2001-10)) is used together. In MIMO, different wireless packets are transmitted
from a plurality of antennas at the same time on the same wireless channel. Those wireless
packets transmitted at the same time on the same wireless channel are separated from each

other by digital signal processing that can deal with a difference between propagation

coefficients of the wireless packets received by a plurality of antennas in an opposed STA. The



10

15

20

25

CA 02522032 2007-10-15

number of MIMOs is determined in accordance with the propagation coefficients and the like.

Fig. 14(1) shows a case where three wireless channels are idle for seven wireless
packets when the number of MIMOs of each wireless channel is two. When MIMO is applied to
each of the three wireless channels, up to six wireless packets can be transmitted
simultaneously. Therefore, six of the above seven wireless packets are transmitted
simultaneously by using the three wireless channels.

Figs. 14(2) and (3) show cases where three wireless channels are idle for four wireless
packets when the Number of MIMOs of each wireless channel is two. When MIMO is applied to
each of the three wireless channels, up to six wireless packets can be transmitted
simultaneously. However, the number of transmission-standby wireless packets is four.
Therefore, MIMO is applied to a part of the three wireless channels. For example, one of the
wireless channels transmits two wireless packets by using MIMO, while each of the remaining
two wireless channels transmits one wireless packet without using MIMO, as shown in Fig. 14(2).
Thus, four wireless packets are transmitted simultaneously by using the three wireless channels
in total. Alternatively, four wireless packets are transmitted simultaneously on two wireless
channels each using MIMO, as show in Fig. 14(3).

In the case where center frequencies of multiple wireless channels used at the same
time are close to each other, an effect of leakage power from one wireless channel to a
frequency region used by another wireless channel becomes large. In general, in case of
transferring a wireless packet, a transmit-side STA transmits the wireless packet and thereafter
a receive-side STA transmits an acknowledgment packet (Ack) for the received wireless packet
to the transmit-side STA. When the transmit-side STA tries to receive this acknowledgment
packet (hereinafter, ACK packet), the. effect of leakage power from another wireless channel
used for simultaneous transmission becomes a problem.

For example, a case is considered where center frequencies of wireless channels #1
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and #2 are close to each other and transmission times of wireless packets transmitted
simultaneously from the respective wireless channels are different from each other, as shown in
Fig. 15. In this case, the wireless packet transmitted on the wireless channel #1 is shorter.
Thus, when an ACK packet (Ack1) for that wirefess packet is received, the wireless channel #2 is
performing transmission. Therefore, the wireless channel #1 may not receive that ACK packet
(Ack1) because of leakage power from the wireless channel #2. In this situation, throughput
cannot be improved even if simultaneous transmission is performed using multiple wireless
channels at the same time.

In a wireless LAN system, for example, data sizes of data frames input from a network
are not constant. Thus, in case of sequentially converting the input data frames into wireless
packets for transmission, packet time lengths of the wireless packets are also different. ‘
Therefore, even when a plurality of wireless packets are transmitted simultaneously at the same
time, as shown in Fig. 15, the transmission time of each wireless packet is different. This
increases a possibility of unsuccessful receiving of the ACK packet.

In order to overcome the above problem, there is a known method in which
transmission of a plurality of wireless packets is terminated at the same time or substantially at
the same time by making equal or equivalent pecket time lengths (time required to transmit the
wireless packets) of the wireless packets transmitted simultaneously. In this case, a transmit-
side STA is not performing transmission at a timing at which ACK packets for the respective
wireless packets reach the transmit-side STA. Thus, the transmit-side STA can receive all the
ACK packets without being affected by leakage power between wireless channels or the like.
Therefore, the throughput can be improved.

However, even if the packet time lengths of the wireless packets transmitted

simultaneously are made the same, the effect of leakage power may become a problem. This

case is now described with reference to Fig. 16.
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At timing t1, wireless channels #1 and #2 of a transmit-side STA are idle, while a
wireless channel #3 is busy. Thus, the transmit-side STA transmits wireless packets having the
same packet time length by using the idle wireless channels #1 and #2. Therefore, the effect of
leakage power can be avoided between the wireless channels #1 and #2. When the wireless
channel #3 becomes idle during transmission of those wireless packets (at timing t2), another
STA may determine that the wireless channel #3 is idle and may transmit a wireless packet to
the above transmit-side STA by using the wireless channel #3. However, the transmit-side STA
is transmitting the wireless packets by using the wireless channels #1 and #2 and therefore
cannot receive the wireless packet on the wireless channel #3 because of leakage power from '
the wireless channels #1 and #2. In other words, the STA in transmission cannot receive a
wireless packet transmitfed on a wireless channel that is adjacent to the wireless channel being
in transmission. This problem occurs not only in case of simultaneous transmission using

multiple wireless channels but also in a conventional case where wireless packets are

transmitted by using one wireless channel and an adjacent wireless channel that is affected by

leakage power receives the wireless packets.

BEST MODE FOR CARRYING OUT THE INVENTION
[First Embodiment]

Fig. 1 is a flowchart of a wireless packet communication method according to the first
embodiment of the present invention. Fig. 2 is a time chart of the wireless communication
method according to the first embodiment of the present invention. In this embodiment,
wireless channels #1, #2, and #3 are provided, and the wireless channel #1 is set as a
mandatory channel for every STA. Each STA is regularly notified of the mandatory channel.

When the mandatory channel is busy, each STA does not perform transmission even if there is

other idle wireless channel. That is, no transmission is performed. It is assumed that the
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wireless channels #1, #2, and #3 affect each other due to a leakage and that when one of the
wireless channels is in transmission, the other channels cannot receive data.

When data is stored in a transmission buffer, an idle wireless channel is searched by
carrier sense (S1 and S2). In this example, it is found that the wireless channel #3 is busy at a
timing data is generated (1), and the wireless channels #1 and #2 are idle. Then, it is
determined whether or not the mandatory channel is idle (S3). When the mandatory channel is
busy, a procedure goes back to the search of an idle wireless channel. On the other hand, when
the mandatory channel is idle, data packets are reconstructed to daté packets having the same
packet time length for every wireless channel in accordance with the number of idle channels
and the number of transmission stand-by data packets. The reconstructed data packets are
transmitted (simultaneously) (S4). In this example, since the wireless channel #1 as the
mandatory channel is idle, the wireless packets is simultaneously transmitted by using two

wireless channels as the wireless channels #1 and #?2.

The following three methods are known data packet reconstruction methods. In
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the.case where there is one data packet and two idle channels, for example, two data
packets having the same packet time length are generated by fragmenting the data packet,
as shown in Fig. 3(1). In the case where there are three data packets and two idle channels,
a data packet 2 is divided into two portions and the two portions are connected to data
packets 1 and 3, respectively, for example, as shown in Fig. 3(2). In this manner, two data
packets having the same packet time length are generated. Alternatively, the two data
packets having the same packet time length can be generated by connecting the three data
packets into one block and then dividing the block into two. Alternatively, the data packets
1 and 2 may be aggregated to each other and dummy data is added to the data packet 3, as
shown in Fig. 3(3), thereby obtaining two data packets having the same packet time length.
Moreover, in the case where multiple wireless channels having different transmission rates
are used, the packet time lengths of data packets are adjusted to be the same by
associating a size ratio of each data packet with a ratio of the transmission rates.

Even when the wireless channel #3 becomes idle, another STA does nof perform
transmission because the wireless channel #1 set as the mandatory channel is busy. On
the other hand, at a timing data is generated (2), ali the wireless channels including the
wireless channel #1 set as the mandatory channel are idle. Therefore, each STA becomes
transmittable. For example, in the case where an STA transmits the wireless packets at the
timing data is generated (1), another STA transmits a wireless packet to the STA having
transmitted at the timing data is generated (2).

[Second Embodiment]

Fig. 4 is a flowchart of a wireless packet communication method according to the
second embodiment of the present invention. Fig. 5 is a time chart of that wireless packet
communication method. In this embodiment, there are an STA A for which a mandatory

channel is set and an STA B for which no mandatory channel is set. There is no specific
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limitation to transmission to the STA B, while transmission to the STA A is allowed only
when the mandatory channel is idle, and is not performed when the mandatory channel is
busy even if another wireless channel is idle. Please note that in the first embodiment a
mandatory channel is set for every STA so that packet transmission is always performed via
wireless channels including the mandatory channel without an address of a wireless packet
being considered.

First, when data is stored in a transmission buffer, an idle wireless channel s
searched by carrier sense (S1 and S2). In this example, it is found that at a timing data is
generated (1), a wireless channel #3 is busy and wireless channels #1 and #2 are idle.
Then, an address of one data packet stored in the transmission buffer is decoded (S11), and
it is determined whether or not any mandatory channel is set for an STA that is the decoded
address (§12). When a mandatory channel is set for the receive-side STA, it is determined
whether or not that.mandatory channel is idle (§13). When that mandatory channel is idle,
transmission stand-by data packets are reconstructed to have the same packet time length
for every wireless channel in accordance with the number of idle channels and the number
of the transmission stand-by data packets. The reconstructed data packets are transmitted
(simultaneously) (S4). In this example, for wireless packets addressed to the STA A,
simultaneous transmission is performed using two wireless channels as the wireless
channels #1 and #2 because the wireless channel #1 set as the mandatory channel is idle.

On the other hand, when no mandatory channel is set for the receive-side STA in
S12, the state of the mandatory channel need not be considered so that the transmission
stand-by data packets are reconstructed to have the same packet time length for every
wireless channel in accordance with the number of idle channels and the number of the
transmission stand-by data packets. The reconstructed data packets are transmitted

(simultaneously) (54). Moreover, when the mandatory channel is not idle in S13, the

t
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wireless packet cannot be transmitted to the STA A for which the mandatory channel is set.
Therefore, it is then determined whether or not there is another data packet in the
transmission buffer (514). With a presence of a data packet therein, a procedure returns to
decoding of an address of the data packet in ST1. With no data packet, an idle channel is
searched in S2.

in this example, when the wireless channel #3 becomes idle, transmission of a
wireless packet to.the STA B in which no mandatory channel is §et using the wireless
channel #3 becomes possible. On the other hand, transmission of a wireless packet to the
STA A using the wireless channel #3 is not performed because t!‘le wireless channel #1 is
busy, and has to wait until the wireless channel #1 becomes idle.

At a timing data is generated (2), the wireless channels #1 and #2 are idle.
Therefore, wireless packets addressed to the STA A for which the mandatory channel is set
and to the STA B for which no mandatory channel is set can be transmitted by using the
wireless channels #1 and #2.

[Third Embodiment]

Fig. 6 is a flowchart of a wireless packet communication method according to the
third embodiment of the present invention. This embodiment has a feature in using MIMO
additionally for simultaneous transmission of wireless packets in the first embodiment as
well as in reconstructing wireless packets in S4 in the first embodiment such that
reconstructed wireless packets have the same packet time length for the number of
simultaneous transmissions that corresponds to a total number of MIMQOs of idle channels
(S5). Except for the above, this embodiment is the same as the first embodiment.

[Fourth Embodiment]
Fig. 7 is a flowchart of a wireless packet communication method according to the

fourth embodiment of the present invention. This embodiment has the following feature.
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In case of applying MIMO to simultaneous transmission of wireless packets, antenna
correlation is obtained from propagation coefficients prior to reconstruction of wireless
packets to wireless packets having the same packet time length for the number of
simultaneous transmissions that corresponds to a total humber of MIMOs of idle channels
in SS in the third embodiment. Then, the number of MIMOs that that can be multiplexed in
one channel is obtained by using a predetermined threshold value (S6). Except for the
above, this embodiment is the same as the third embodiment.

[Fifth Embodiment]

Fig. 8 is a flowchart of a wireless packet communication method according to the
fifth embodiment of the present invention. This embodiment has a feature that
simultaneous transmission using multiple wireless channels as described in the first
embodiment or simultaneous transmission using MIMO as described in the third
embodiment is selected in accordance with the number of pieces of data stored in the
transmission buffer or the number of MIMOs as described in the fourth embodiment that
depends on a channel condition (S7). In accordance with this selection, wireless packets
are reconstructed to have the same packet time length for the number of idle channels or
the Number of MIMOs. The reconstructed packets are transmitted simultaneously (S4 and
S8). Except for the above, this embodiment is the same as the first embodiment.

[Sixth Embodiment]

Fig. 9 is a flowchart of a wireless packet communication method according to the
sixth embodiment of the present invention. This embodiment has a feature that MIMO is
applied to simultaneous transmission of wireless packets in the second embodiment. More
specifically, wireless packets in S4 in the second embodiment is reconstructed in such a
manner that reconstructed wireless packets have the same packet time length for the

number of simultaneous transmissions that corresponds to a total number of MIMOs of idle
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channels (§5). Except for the above, this embodiment is the same as the second

embodiment.
[Seventh Embodiment]

Fig. 10 is a flowchart of a wireless packet communication method according to the
seventh embodiment of the present invention. This embodiment has the following feature.
In case of applying MIMO to simultaneous transmission of wireless packets, antenna
correlation is .obtained from propagation coefficients prior to reconstruction of Wireless
packets to wireless packets having the same packet time length for the number of
simultaneous transmissions that corresponds to a total number of MIMOs of idle channels
in S5 in the sixth embodiment. Then, the number of MIMOs that can be multiplexed in one
channel is obtained by using a predetermined threshold value (§6). Except for the above,
this embodiment is the same as the sixth embodiment.

[Eighth Embodiment]

Fig. 11 is a flowchart of a wireless packet communication method according to the
eighth embodiment of the present invention. This embodiment has a feature that
simultaneous transmission using multiple wireless channels as described in the second
embodiment or simultaneous transmission using MIMO as described in the sixth
embodiment is selected in accordance with the number of pieces of data stored in the
transmission buffer or the number of MIMOs described in the seventh embodiment that
depends on a channel condition (§7). In accordance with this selection, reconstruction of
wireless packets is performed in such a manner that reconstructed wireless packets have
the same packet time length for the number of idle channels or the Number of MIMOs. The
reconstructed wireless packets are transmitted simultaneously (5S4 and S8). Except for the
above, this embodiment is the same as the second embodiment.

[Exemplary structure of a wireless packet communication apparatus]

14
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Fig. 12 shows an exemplary structure of a wireless packet communication
apparatus of the present invention. Although the following description will be directed to
the structure of the wireless packet communication apparatus capable of transmitting and
receiving three wireless packets simultaneously by using three wireless channels #1, #2,
and #3, the number of simultaneously transmittable /receivable wireless packets may be set
arbitrarily. Where MIMO is used for each wireless channel, wireless packets can be
transmitted and received simultaneously in the number of simultaneous transmissions that
is equal to the sum of MIMO numbers of multiple wireless channels. However, the MIMO
will not be taken into consideration in the following description as well as a case where
multiple wireless channels are independently used.

In Fig. 12, the wireless packet communication 'apparatus includes a
transmission/reception block 10-1, 10-2, and 10-3, a transmission buffer 21, a data
packet generating block 22, a data frame management block 23, an analyzer of channels’
occupation status 24, a packet switching block 25, a packet order management block 26,

and a data frame extraction block 27.

The transmission/reception blocks 10-1, 10-2, and 10-3 perform wireless
communication via different wireless channels #1, #2, and #3, respectively. These wireless
channels are independent of each other because they have different wireless frequencies
from each other, therefore, the blocks can perform wireless communication using mu!ﬁple
wireless channels at the same time. Each transmission/reception block 10 includes a
modulator 11, a transmitter 12, an antenna 13, a receiver 14, a demodulator 15, a frame
selection block 16, and a carrier sense block 17.

Radio frequency signals transmitted from another wireless packet communication

apparatus via different wireless channels #1, #2, and #3 are input to the receivers 14

through the antennas 13 of the transmission/reception block 10-1, 10-2, and 10-3,
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respectively. Each receiver 14 corresponding to each wireless channel performs a reception
processing on the input radio frequency signal. The reception processing contains

frequency conversion, filtering, quadrature detection, and AD conversion. A radio
frequency signal on a wireless propagation path of each wireless channel is always input to
5 the corresponding receiver 14 except during periods the antenna 13 connected to the
receiver 14 is used for transmission. The receiver 14 outputs, to the carrier sense block 17,
an RSSI signal indicating a received electric field strength of each wireless channel. When
receiving a radio frequency signal on the corresponding wireless channel, the receiver 14
outputs to the demodulator 15 a baseband signal for which the reception processing is
10 performed.
The demodulator 15 performs a demodulation processing on the baseband signal
input from the receiver 14, and outputs a resulting data packet to the frame selection block
16. The frame selection block 16 performs CRC check on the input data packet. In the
case where the data packet has been received correctly, the frame selection block 16
15 determines whether or not the data packet is directed to an own STA. More specifically, the
frame selection block 16 determines whether or not a receive-side STA ID of the data packet
is coincident with ID of the own STA. Then, the frame selection block 16 outputs the data
packet addressed to the own STA to'the .packet order management block 26 while
transmitting to the modulator 11an ACK packet generated in an ACK packet generating
20  block (not shown) and performs a reply processing. In transmission of the ACK packet, a
transmission mode may be set in such a manner that a transmission rate is set or MIMO is
not applied. On the other hand, when the data packet is not directed to the own STA, the
frame selection block 16 discards the data packet.
The packet order management block 26 checks sequence numbers added to

25  received data packets and rearranges the received data packets in an appropriate order, i.e.,
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in order of sequence numbers. The rearranged data packets are output to the data frame
extraction block 27 as received data packets. The data frame extraction block 27 removes
a packet header from each of the data packets contained in the received data packets, and
outputs the resulting data packets as received data frames.

When receiving an RSS! signal, the carrier sense block 17 compares a value of a
received electric field strength represented by the RSSI signal with a preset threshold value.
When a state where the received electric field strength is smaller than the threshold value
continues for a predetermined period, the carrier sense block 17 determines that the
assigned wireless channel is idle. Otherwise, the carrier sense block 17 determines that the
assigned wireless channel is busy. The carrier sense blocks 17 corresponding to the
respective wireless channels output the determination results as carrier sense results CS1 to
CS3. Please note that in each transmission/reception block 10, no RSSI signal is input to
the carrier sense block 17 while the antenna 13 is in transmission. Moreover, in the case
where the antenna 13 has already been in a transmission state, it is not possible to
simultaneously transmit another data packet as a radio frequency signal by means of the
same antenna 13. Therefore, when receiving the RSSI signal, each carrier sense block 17
outputs the carrier sense result indicating that the wireless channel assigned thereto is busy.

The carrier sense results CS1 to CS3 that are output from the carrier sense blocks
17 corresponding to the respective wireless channels are input to the analyzer of channels’
occupation status 24. The analyzer of channels’ occupation status 24 manages an idle
status of each wireless channel based on the corresponding carrier sense result and notifies

the data frame management block 23 of information on an idle wireless channel, the

number of idle channels, and the like (Fig. 12, a).
On the other hand, sent data frames to be transmitted are input to and buffered in

the transmission buffer 21. The sent data frames consists one or more data frames. The
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transmission buffer 21 successively notifies the data frame managemeht block 23 of the
number of data frames the transmission buffer 21 currently stores, ID information of a
receive-side wireless packet communication apparatus, a data size, address information
indicating a position in the buffer, and other information (b).

The data frame rhanagement block 23 determines how to generate data packets
from which data frame and on which wireless channel to transmit, according to information
about data frames for each receive-side STA ID from the transmission buffer 21 and
information about the wireless channels from the analyzer of channels’ occupation status
24. The data frame management block 23 then notifies the transmission buffer 21, the
data packet generating block 22, and the data packet switching block 25 of the determined

data frame,' generation manner, and wireless channel, respectively (c, d, and e). For

‘example, in the case where the number N of idle wireless channels including the mandatory

channel is smaller than the number K of transmission stand-by data frames in the
transmission buffer 21, th.e number N of idle wireless channels including the mandatory
channel is determined as the number of data packets transmitted simultaneously. The
transmission buffer 21 is notified of address information to designate N data frames from
the K data frames (c). The data packet generating block 22 is notified of information
necessary for generating N data packets from data frames input from the transmission
buffer 21 (d). The packet switching block 25 is instructed to associate the N data packets
generated by the data packet generating block 22 with the idle wireless channels (e).
According to an output instruction, the transmission buffer 21 outputs the data
frames to the data packet generating block 22 (f). The data packet generating block 22
extracts data fields from the respective data frames to generate a plurality of data blocks
having the same packet time length, and adds a packet header and a CRC code (FCS region)

to each of the data blocks to generate data packets shown in Fig. 17. The packet header
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contains ID information on a receive-side STA as a destination of the corresponding data
packet, control information such as a sequence number indicating an order of the data
frame, and other information. The control information also contains information required
for a receive-side STA to convert a data packet into the original data frame when it receives
the data packet. The packet switching block 25 associates the data packets input from the
data packet generating block 22 with the respective wireless channels.

As a result, the data packet associated with the wireless channel #1 is input to the
modulator 11 in the transmission/reception block 10-1; the data packet associated with the
wireless channel #2 is input to the modulator 11 in the transmission/reception block 10-2:

and the data packet associated with the wireless channel #3 is input to the modulator 11 in

the transmission/reception block 10-3. When receiving a data packet from the packet

switching block 25, each modulator 11 performs a predetermined modulation processing
oh the data packet and outputs the processed data packet to the transmitter 12. Each
transmitter 12 performs a transmission processing on the modulated data packet input
from the modulator 11. The transmission processing contains DA conversion, frequency
conversion, filtering, and power amplification. After the transmission processing, each
transmitter 12 transmits the processed data packet as a wireless packet on the

corresponding wireless channel via the corresponding antenna 13.

The processings described in the first to eight embodiments are performed under a
control of the data frame management block 23 with the mandatory channel taken into
consideration. This can prevent a situation that a wireless packet cannot be received by

use of mulitiple wireless channels because of leakage of power from one channel to an

adjacent channel.
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INDUSTRIAL AVAILABILITY
According to the present invention, while a transmit-side STA is in tra.nsmission
using one or more wireless channels including a mandatory channel, the other STAs do not
perform transmission to the transmit-side STA. Thus, it is possible to avoid a situation
that the transmit-side STA cannot receive a wireless packet addressed to an own STA. On
the other hand, the other STAs can surely transfer a wireless packet to the transmit-side

STA by transmitting the wireless packet after the mandatory channel becomes idle. Thus,

throughput can be improved.

Moreover, in the case where there is an STA for which no mandatory channel is set,
transmission is enabled between STAs including the STA even when the mandatory channel

is busy. Thus, reduction of the throughput can be suppressed.
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CLAIMS
1. A wireless packet communication method for transmitting a plurality of wireless
packets simultaneously by using multiple wireless channels determined to be idle by carrier
sense, a single wireless channel determined to be idle and MIMO, or the multiple wireless
channels and the MIMO, the method comprising: .
setting a mandatory channel that is always used for transmission; and
transmitting the wireless packets by using a wireless channel/wireless channels that

includes/include the mandatory channel, only when the mandatory channel is idle.

2. A wireless packet communication method for transmitting a plurality of wireless
packets simultaneously by using multiple wireless channels determined to be idle by carrier
sense, a single wireless channel determined to be idle and MIMO, or the multiple wireless
channels and the MIMO, the method comprising:

distinguishing an STA A from an STA B, the STA A for which a mandatory channel is
set, the STA B for which no mandatory channel is set, the mandatory channel being always used
for transmission; and

when wireless packets are addressed to said STA A, transmitting the wireless packets
to said STA A by using a wireless chan'nellwireless channels that includes/include the
mandatory channel, only when the mandatory channel is idle; and

when wireless packets are addressed to said STA B, transmitting the wireless packets to

said STA B by using idle wireless channel(s).

3. The wireless packet communication method according to Claim 1 or 2, wherein
the plurality of wireless packets transmitted simultaneously are set to have a same or

equivalent packet time length that corresponds to a packet size or a transmission time.
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4, The wireless packet communication method according to Claim 1 or 2, further
comprising

simultaneously transmitting wireless packets selectively using the multiple wireless
channels or the MIMO in accordance with a number of pieces of data or a number of MIMOs that

depends on a channel condition.

5. A wireless packet communication apparatus for transmitting a plurality of wireless
packets simultaneously by using multiple wireless channels determined to be idle by carrier
sense, a single wireless channel determined to be idle and MIMO, or the multiple wireless
channels and the MIMO, the apparatus comprising

a unit setting a mandatory channel that is always used for transmission, and
transmitting the wireless packets only when the mandatory channel is idle by using a wireless

channel or wireless channels that includes/include the mandatory channel.

6. A wireless packet communication apparatus for transmitting a plurality of wireless
packets simultaneously by using multiple wireless channels determined to be idle by carrier
sense, a single wireless channel détermined to be idle and MIMO, or the multiple wireless
channels and the MIMO, the apparatus comprising

a unit distinguishing an STA A from an STA B and determining destinations of the
wireless packets so as to transmit wireless packets addressed to said STA A only when said
mandatory channel is idie by using a wireless channel or wireless channels that includes/include
a mandatory channel, and to transmit wireless packets addressed to said STA B by using idle
wireless channel or channels, the mandatory channel being always used for transmission, the

STA A for which the mandatory channel is set, the STA B for which no mandatory channel is set.
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7. The wireless packet communication apparatus according to Claim 5 or 6, wherein
the plurality of wireless packets transmitted simultaneously are set to have a same or

equivalent packet time length that corresponds to a packet size or a transmission time.

8. The wireless packet communication apparatus according to Claim S or 6, further
comprising:

a unit simultaneously transmitting wireless packets selectively using the multiple
wireless channels or the MIMO in accordance with a number of pieces of data or a number of

MIMOs that depends on a channel condition.

23



00000000000000000000

1/12

FIG. 1

START

STORE DATA IN TRANSMISSION BUFFER ? m

SEARCH IDLE WIRELESS CHANNEL BY
CARRIER SENSE

MANDATORY CHANNEL IDLE ?

RECONSTRUCT DATA PACKETS IN ACCORDANCE
WITH THE NUMBERS OF IDLE CHANNELS AND

OF TRANSMISSION STAND-BY DATA PACKETS

SO THAT THEY HAVE THE SAME PACKET TIME
LENGTH FOR EVERY WIRELESS CHANNEL, AND

TRANMIT THEM (SIMULTANEOUSLY)

FI1G. 2

TRANSMISSION DATA TRANSMISSION DATA
(1) GENERATION (2)

- ] %//////
it 77777770 //////////
wiss DO | o TRSHISSIN_| )

TIME

TIME

TIME



CA 02522032 2005-10-11

2/ 12
F1G. 3
(1)
DATA PACKET
0 v ‘ "
B DATA <1> =
k "
(2)

DATA PACKET

DATA PACKET
DATA <1> '

" "

i
;

DATA <2> &

e 068 2 2

(3)
DATA PACKET
DATA <1>

DATA PACKET
<P <D 1

& Tom |#:

DATA <2> =

DATA <3>

L



00000000000000000000

3/12

FIG. 4

START

STORE DATA IN TRANSMISSION BUFFER ? u

SEARCH IDLE WIRELESS CHANNEL BY
CARRIER SENSE

DECORD ADDRESS OF DATA PACKET
MANDATORY CHANNEL SET IN
RECEIVE-SIDE STA 7
MANDATORY CHANNEL IDLE ?

Yes
ANY OTHER DATA PACKET ?

RECONSTRUCT DATA PACKETS IN ACCORDANCE | S4
WITH THE NUMBERS OF IDLE CHANNELS AND
OF TRANSMISSION STAND-BY DATA PACKETS
SO THAT THEY HAVE THE SAME PACKET TIME
LENGTH FOR EVERY WIRELESS CHANNEL, AND
TRANSMIT THEM (SIMULTANEOUSLY)

¢

FIG. 5

TRANMISS|ON DATA
GENERATION (2)

e =~ /.

Cht 2 )
. D). it s ]

TIME

TIME



CA 02522032 2005-10-11

4/12

FIG. 6

START

S W
STORE DATA IN TRANSMISSION BUFFER ? |
Yes

S2
SEARCH IDLE WIRELESS CHANNEL BY
CARRIER SENSE

S3
MANDATORY CHANNEL IDLE ?
Yes

S5 | RECONSTRUCT DATA PACKETS FOR NUMBER OF
SIMULTANEOUS TRANSMISSIONS SO THAT

THEY HAVE THE SAME PACKET TIME LENGTH,
AND TRANSMIT THEM (SIMULTANEOUSLY)



CA 02522032 2005-10-11

5/12

FIG. 7

START

. E—
STORE DATA [N TRANSMISSION BUFFER 7

Yes

S2

SEARCH IDLE WIRELESS CHANNEL BY '
CARRIER SENSE ‘

S3
MANDATORY CHANNEL IDLE ?
' Yes

S6

CALCULATE NUMBER OF MiMOs ACCORDING TO
CHANNEL CONDITION

59 | RECONSTRUCT DATA PACKETS FOR NUMBER OF
SIMULTANEOUS TRANSMISSIONS SO THAT

THEY HAVE THE SAME PACKET TIME LENGTH,
AND TRANSMIT THEM (SIMULTANEOUSLY)




CA 02522032 2005-10-11

6/12

FI1G. 8

_ START
. S
STORE DATA IN TRANSMISSION BUFFER ?
Yes .

S2
SEARCH IDLE WIRELESS CHANNEL BY
CARRIER SENSE
S3
MANDATORY CHANNEL [IDLE 7
Yes

ST/ SIMULTANEOUSLY TRANSMIT SELECTIVELY
USING MULTIPLE WIRELESS CHANNELS OR
MIMO ACCORDING TO THE NUMBER OF PIECES
OF DATA OR NUMBER OF MIMOs THAT
DEPENDS ON CHANNEL CONDITION

MIMO

MULTIPLE WIRELESS CHANNELS ‘ S8

RECONSTRUCT DATA PACKETS IN ACCORDANCE
WITH THE NUMBERS OF MIMOs AND OF
TRANSMISSION STAND-BY DATA PACKETS SO

S4 | RECONSTRUCT DATA PACKETS IN ACCORDANCE
WITH THE NUMBERS OF IDLE CHANNELS AND
OF TRANSMISSION STAND-BY DATA PACKETS
SO THAT THEY HAVE THE SAME PACKET TIME
LENGTH FOR EVERY WIRELESS CHANNEL, AND
TRANSMIT THEM (SIMULTANEOUSLY)

THAT THEY HAVE THE SAME PACKET TIME
LENGTH,
AND TRANSMIT THEM (SIMULTANEOUSLY)




CA 02522032 2005-10-11

/12

FIG. 9

START
. S—
STORE DATA IN TRANSMISSION BUFFER ?

Yes
Y '
SEARCH {DLE WIRELESS CHANNEL BY
CARRIER SENSE

S11
DECORD ADDRESS OF DATA PACKET
512

MANDATORY CHANNEL SET IN "\\_ No
RECEIVE-SIDE STA ?

No .
MANDATORY CHANNEL. IDLE ?

Yes S14 Yes
ANY OTHER DATA PACKET 7
RECONSTRUCT DATA PACKETS FOR NUMBER OF | S5

No SIMULTANEOUS TRANSMISSIONS SO THAT
THEY HAVE THE SAME PACKET TIME LENGTH,

AND TRANSMIT THEM (SIMULTANEOUSLY)



CA 02522032 2005-10-11

8./12

FIG.10

~ START
S W
STORE DATA IN TRANSMISSION BUFFER ?

Yes
S2
SEARCH IDLE WIRELESS CHANNEL BY
CARRIER SENSE

ST1
DECORD ADDRESS OF DATA PACKET
- S12

MANDATORY CHANNEL SET IN No
RECEIVE-SIDE STA ?

No

MANDATORY CHANNEL IDLE ?

Yes S14 Yes
ANY OTHER DATA PACKET ?

S6

No CALCULATE NUMBER OF MIMOs ACCORDING TO
CHANNEL. CONDITION

RECONSTRUCT DATA PACKETS FOR NUMBER OF | S5
SIMULTANEQUS TRANSMISSIONS SO THAT

THEY HAVE THE SAME PACKET TIME LENGTH,
AND TRANSMIT THEM (SIMULTANEOUSLY)



CA 02522032 2005-10-11

/12

FIG. 11

START
. —
STORE DATA IN TRANSMISSION BUFFER ?

Yes
NV,
SEARCH [DLE WIRELESS CHANNEL BY |
CARRIER SENSE |
S11
DECORD ADDRESS OF DATA PACKET
S12

MANDATORY CHANNEL SET IN No
RECEIVE-SIDE STA 7

No
MANDATORY CHANNEL IDLE ?

Yes S14 Yes
ANY OTHER DATA PACKET ?

No SIMULTANEOUSLY TRANSMIT SELECTIVELY
USING MULTIPLE WIRELESS CHANNELS OR
MIMO ACCORDING TO THE NUMBER OF PIECES
OF DATA OR NUMBER OF MIMOs THAT
DEPENDS ON CHANNEL CONDITION

MULTIPLE WIRELESS CHANNEL

ST

RECONSTRUCT DATA PACKETS IN ACCORDANCE | S4
WITH THE NUMBERS OF IDLE CHANNELS AND
OF TRANSMISSION STAND-BY DATA PACKETS
SO THAT THEY HAVE THE SAME PACKET TIME
LENGTH FOR EVERY WIRELESS CHANNEL, AND
TRANSMIT THEM (SIMULTANEOUSLY)

RECONSTRUCT DATA PACKETS IN ACCORDANCE
WITH THE NUMBERS OF MIMOs AND OF
TRANSMISSION STAND-BY DATA PACKETS SO
THAT THEY HAVE THE SAME PACKET TIME
LENGTH,

AND TRANSMIT THEM (SIMULTANEOUSLY)




CA 02522032 2005-10-11

10/12

!
-
F

s S

!
-
w

v S

el 9l
N d111 INSNVHL je H0LV INGOW
T T T Tyt —— y
NO1SS [INSNVYL 018 f====»130
JON3S HIIWHVO | L1
1001d
43A 1303 1 H0LVINAONT zo_._.om_._mm

| X078 NOI L4303/
NO 1SS INSNVHL

1S54
43A 13034
rl

A0 f--—-»ESD
3ONGS H318dv0 | LI .
1018
JOLV INJOAS zo_._.o...._._mm
¢l Sl

1 X008 NOILd30/
NOTSS INSNVAUL

|SSY

2!

AN01G ~==-»¢SI

JONIS d31H44VD

¢l Sl

¢l Gl

Ll

10149
NOIL193135
IV

€50 ---
28D ---
[S) -~

&¢

A301d - 10 1d - d3d] .
INIHILIMS NI LVHINTO zo_wm_s_
13Avd | B

§¢

SILVLS
NO| LvdNA00
> 1INNVHO

30 YJZATWNY

A0018 INFEOINW V14 VIV(Q

194Ivd VLV(Q

INFAHIVNWW
43060 13M0Vd

9¢

<._.<o
¢ ¢~ Q4LLINSNVYL

13019

viv(Q
Le (4A 1303



CA 02522032 2007-10-15

11./12
FIG. 1 3 PRIOR ART
b WIRELESS  WIRELE 2
SS
IS NRE S e




00000000000000000000

12/12

FIG. 15 PRIOR ART

NOT RECEIVED

——————

Chi# 1 Aokl |

LEAKAGE POWER

e @

TIME

TIME

FIG.16 PRIOR ART

1 . |

Ch#\1 i :

TIME

Chit 2 777777 _

‘ TIME

ot 3 Uit | N0 RECEPTION

TIME




START

. S
STORE DATA IN TRANSMISSION BUFFER ?

Yes

S2
SEARCH IDLE WIRELESS CHANNEL BY
CARRIER SENSE

S3
MANDATORY CHANNEL IDLE ?

Yes

RECONSTRUCT DATA PACKETS IN ACCORDANCE
WiTH THE NUMBERS OF IDLE CHANNELS AND
OF TRANSMISSION STAND-BY DATA PACKETS
SO THAT THEY HAVE THE SAME PACKET TIME
LENGTH FOR EVERY WIRELESS CHANNEL, AND

TRANSMIT THEM (SIMULTANEOUSLY)




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - abstract drawing

