wo 2010/013853 A1 I 10K 0 R0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,

(19) World Intellectual Property Organization /g [} 1M1 D 0000 1.0 0 0 0 00

ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
4 February 2010 (04.02.2010) WO 2010/013853 Al
(51) International Patent Classification: Seocheon-Dong, Giheung-Gu, Yongin-si, Gyeonggi-do
HO4L 12/28 (2006.01) 449-701 (KR). KIM, Jin-Ho [BD/KR]; Department of

Computer  Engineering, = Kyung-Hee  University,

(21) International Application Number: Seocheon-Dong, Giheung-Gu, Yongin-si, Gyeonggi-do

PCT/KR2008/004461 449-701 (KR).

(22) International Filing Date: 31 Julv 2008 (3107 200g) (74 Agent: SEO, Jac-Sung; 3F, YangWon Bldg., 1543-10,

uly (31.07. ) Seocho-Dong, Seocho-Gu, Seoul 137-070 (KR).
(25) Filing Language: Korean 41y Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available): AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(30) Priority Data: CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
10-2008-0073702 28 July 2008 (28.07.2008) KR EC. EE, EG. ES. FL, GB. GD. GE. GH. GM. GT. HN.
(71) Applicant (for all designated States except US): UNI- HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KZ,
VERSITY-INDUSTRY COOPERATION GROUP OF LA, LG, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG,
KYUNG-HEE UNIVERSITY [KR/KR]; Global Cam- MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

pus, Kyung-Hee University, Seocheon-Dong, Giheung- OM, PG, PI, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK,
Gu, Yongin-si, Gyeconggi-do 446-701 (KR). SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG,

US,UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors; and . .

(75) Inventors/Applicants (for US only): HONG, Choong- (84) D.e51gnated. States (unle.ss othemzse indicated, for every
Seon [KR/KR]; Department of Computer Engineering, kind of regional protection available): ARIPO (BW, GH,
Kyung-Hee University, Seocheon-Dong, Giheung-Gu, GM, KE, LS, MW, MZ, NA, SD, SL. 8Z, TZ, UG, ZM,
Yongin-si, Gyeonggi-do 449-701 (KR). MD. ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
MUSTAFIZUR, Rahman [BD/KR]; Department of TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
Computer  Engineering, Kyung-Hee  University, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Seocheon-Dong, Giheung-Gu, Yongin-si, Gyeonggi-do MC, MT, NL, NO, PL, PT, RO, SE, S, SK, TR), OAPI
449701 (KR). MD. ABUL, Hamid [BD/KR]; Depart- (BE, BI, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

ment of Computer Engineering, Kyung-Hee University, NE, SN, TD, TG).

[Continued on next page]

(54) Title METHOD FOR CONTROLLING ACCESS OF COMMUNICATION MEDIUM ACCORDING TO MAC PROTO-
COL OF IEEE 802.11

[Fig. 6]
PARALLEL PARALLEL ~ MAIN
COMMUNICATION  COMMUNICATION  COMMUNICATION
DISABLING RANGE RANGE
RANGF

|

?—WH(SRD)—J
COMMUNICATION

- RANGE(8)

;._ CARRIER SENSING
RANGE(CSR)

(57) Abstract: The present invention relates to a method of controlling access to a wireless channel in a wireless communication
system, and more particularly, to such a method of controlling wireless channel access, in which it is determined whether or not
peripheral communication nodes are ones interrupting main communication between communication nodes being activated, and if
it is determined that the peripheral communication nodes are ones which does not interrupt the main communication, they gain ac-
cess to a wireless channel so as to perform parallel communication with respect to the main communication. The wireless channel
access control method according to the present invention determines whether or not peripheral communication nodes actually in-
terrupt main communication, and if it is determined that the peripheral communication nodes are ones which does not interrupt the
main communication, they gain access to a wireless channel so as to perform parallel communication with respect to the main
communication, thereby efficiently utilizing a limited wireless channel resource.
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Description

METHOD FOR CONTROLLING ACCESS OF COMMU-

NICATION MEDIUM ACCORDING TO MAC PROTOCOL OF

[1]

[2]

[3]

[4]

[5]

IEEE 802.11
Technical Field

The present invention relates to a method of controlling access to a wireless channel
in a wireless communication system, and more particularly, to such a method of con-
trolling wireless channel access, in which it is determined whether or not peripheral
communication nodes are ones interrupting main communication between commu-
nication nodes being activated, and if it is determined that the peripheral commu-
nication nodes are ones which does not interrupt the main communication, they gain
access to a wireless channel so as to perform parallel communication with respect to

the main communication.

Background Art

A wireless communication network comprises a plurality of communication nodes
sharing a single wireless channel, and a transmitting communication node among the
plurality of communication nodes transmits data to a receiving communication node
using the wireless channel.

FIG. 1 is a diagram illustrating one example of a wireless LAN (WLAN) network
including eight communication nodes.

Referring to FIG. 1(a), there is shown an ad-hoc (i.e., peer-to peer) type wireless
LAN (WLAN) network. The ad-hoc type wireless LAN network adopts a network
structure in which eight communication nodes 1 to 8 constituting the wireless LAN
(WLAN) network connect to a common wireless channel so as to perform wireless
communication therebetween without a separate access device (access point: AP). In
such an ad-hoc type WLAN network, since there is no access device (AP) for con-
trolling communication between the transmitting and receiving communication nodes,
the respective communication nodes maximally utilize their own intrinsic information
to perform communication therebetween over the network, and communicate with a
remote communication node via other nodes.

Meanwhile, referring to FIG. 1(b), there is shown an infrastructure type wireless
LAN (WLAN) network in which a plurality of communication nodes 1 to 8 gain access
to an access device (AP) 10. Also, the access point 10 wiredly connects to the Internet
or a wired network 11. The plurality of communication nodes 1 to 8 performs commu-
nication therebetween or communicates with the Internet or the wired network 11

through the access device 10. Currently, the infrastructure type WLAN network is
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[9]

[10]

widely used in even business environments such as air ports, department stores,
amusement parks and so forth as well as dwelling environments such as apartments,
private homes and so forth.

Both the ad-hoc type wireless LAN network and the infrastructure type wireless
LAN network as mentioned above allow the plurality of communication nodes to share
a single wireless channel so as to perform communication therebetween. Thus, in the
case where a transmitting communication node and a receiving communication node
perform main communication therebetween using the wireless channel, if other com-
munication nodes attempt to gain access to the wireless channel so as to perform the
communication, noise signals from the other communication nodes interrupt the main
communication between the transmitting communication node and a receiving commu-
nication node.

IEEE 802.11 is a set of standards specifying the technologies for the wireless LANs,
developed by the IEEE LAN/MAN standard committee. There have been developed
several specifications such as 802.11, 802.11a, 802.11b, 802.11g, etc., as the IEEE
standards. As can be seen in "Wireless LAN Medium Access Control (MAC) and
Physical Layer(PHY) Specifications, 1999 Edition", the IEEE 802.11 standard defines
the medium access control (MAC) protocol and physical layer (PHY. In general, the
function of the MAC protocol layer is to allow a plurality of communication nodes to
access a single shared wireless channel with minimum interference and maximum per-
formance. Most wireless LAN network employs a Carrier Sense Multiple Access with
Collision Avoidance (CSMA/CA) scheme so as to control the wireless channel access.
The IEEE 802.11 standard specifies two types of Carrier Sense Multiple Access with
Collision Avoidance (CSMA/CA) schemes. Among both of them, one is a distributed
coordination function (DCF) protocol and the other is a point coordination function
(PCF) protocol.

More specifically, the distributed coordination function (DCF) protocol prevents
collision between signals through carrier sense.

All the communication nodes senses whether or not other communication nodes gain
access to the shared wireless channel to perform communication therebetween through
carrier detection prior to transmission of data. When a communication mode at-
tempting to access the wireless channel to perform communication senses a carrier
with a strength of more than a carrier sense threshold (CST), received from another
communication node, it restricts the access to the wireless channel in order not to
interfere the communication of the other communication node.

Typically, the interference range defined by the carrier sense threshold is larger than
the communication range of the communication node. Thus, there exist a lot of pe-

ripheral communication nodes which are in the interference range of an activated com-
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munication node, but not in the communication range of the activated communication
node. Resultantly, the distributed coordination function (DCF) protocol determines all
the peripheral communication nodes which are in the interference range of the
activated communication node to be interference nodes, and controls such that the pe-
ripheral communication nodes do not access a wireless channel during the commu-
nication period of the communication node being activated.

FIG. 2 is a flowchart illustrating one example of a method of controlling access to a
wireless channel for transmitting and receiving data in accordance with a conventional
distributed coordination function (DCF) protocol. In order to transmit and receive data,
a transmitting communication node and a receiving communication node perform a
handshaking using a transmitting request message RTF (Request to Send) and a
transmission confirmation message CTS (Clear to Send) before performing data com-
munication therebetween.

More specifically, referring to FIG. 2, a plurality of communication nodes shares a
single wireless channel for transmission and reception of data. In the case where the
plurality of communication nodes simultaneously attempt to perform communication,
signals received by a receiving communication node Rx may collide. In order to avoid
collision between the signals, in the DCF protocol, the receiving communication node
Rx senses a carrier during a fixed period and a variable period before performing
transmission. The fixed period is a DFC inter frame space 220 (hereinafter, referred to
as "DIFC"), and the variable period is a random backoft 230.

A transmitting communication node Tx generates a random backoff interval before
transmitting in order to minimize the probability of collision with frames transmitted
by other communication nodes, senses a carrier, i.e., the status of the channel for the
DIFS interval. If the wireless channel is sensed idle for more than the DIFS interval,
then the transmitting communication node Tx decrements a backoff counter. If the
backoff counter is 0O, the transmitting communication node Tx transmits data.

The transmitting communication node TX transmits a transmission request message
RTS to the receiving communication node Rx immediately after the random backoff
interval is terminated, and waits for a transmission confirmation message CTS to be
transmitted from the receiving communication node Rx in response to the transmission
request message. Then, the receiving communication node Rx senses the carrier from
other communication nodes in response to the transmission request message
transmitted from the transmitting communication node Tx so as to detect whether or
not the wireless channel is idle. If the wireless channel is sensed idle so that
the receiving communication node Rx can receive data from other communication
nodes without any interference, the receiving communication node Rx then transmits

the transmission confirmation message RTS to the transmitting communication node
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firmation message CTS from the receiving communication node RXx, it transmits an
MAC protocol data unit (MPUD) to the receiving communication node Rx after a
period of time called short inter frame space (SIFS), which is shorter than the DIFS.
Then, when the receiving communication node Rx completes reception of the last bit
of the MAC protocol data unit (MPUD), it transmits a confirmation message ACK to
the transmitting communication node Tx after the lapse of an SIFS to inform the
transmitting communication node Tx that the reception of the MAC protocol data unit
(MPUD) has been completed.

FIG. 3 is flowchart illustrating another example of a method of controlling access to
a wireless channel for transmitting and receiving data in accordance with a con-
ventional distributed coordination function (DCF) protocol. A method for transmitting
and receiving data described in FIG. 3 is the same as that shown in FIG. 2 except that
the kind of data transmitted in FIG. 3 are different from that in FIG. 2.

The transmitting communication node Tx senses a carrier for both the DIFS interval
and the random backoff interval. If it is sensed that the wireless channel is idle, the
transmitting communication node TxX transmits a transmission request message RTS to
the receiving communication node Rx immediately after the random backoff interval is
terminated, and then the receiving communication node Rx transmits a transmission
confirmation message CTS to the transmitting communication node TX in response to
the transmission request message.

Then, the transmitting communication node Tx aggregates a plurality of MAC
Protocol Data Units (MPDUs) into an aggregated-MAC Protocol Data Units
(A-MPUD) to generate a single integrated frame, and transmits the generated in-
tegrated frame to the receiving communication node Rx through the wireless channel.
Then, the receiving communication node Rx receives the integrated frame from the
transmitting communication node Tx and fragments the received integrated frame into
the respective MAC Protocol Data Units (MPDUSs).

Disclosure of Invention

Technical Problem

The above-mentioned conventional method of controlling a wireless channel access
according to a distributed coordination function (DCF) protocol activates only main
communication between a transmitting communication node and a receiving commu-
nication node, and restricts any access of peripheral communication nodes of the
transmitting communication node and the receiving communication node to the

wireless channel during the main communication so that data can be transmitted and
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received safely while preventing collision between signals. That is, such a con-
ventional method of controlling a wireless channel access according to a distributed
coordination function (DCF) protocol always determines the interference range based
on a predetermined carrier sense threshold (CST), and determines all the peripheral
communication nodes which are in the determined interference range to be interference

nodes.
However, unlike the interference range determined based on the carrier sense, an

actual interference range interrupting main communication between communication
nodes being activated is determined by the distance between the transmitting and
receiving communication nodes being activated, i.e., the signal strength of the
transmitting communication node and the receiving communication node, and the
number of the peripheral communication nodes. Thus, the conventional wireless
channel access control method entails a problem in that since the peripheral commu-
nication nodes which is in the interference range is actually remote from the activated
communication nodes, although they do not interrupt the main communication
between the activated communication nodes, the access of the peripheral commu-
nication nodes to the wireless channel is restricted and a wireless channel resource is
not efficiently utilized.

Accordingly, the present invention has been made to solve the above-mentioned
problems associated with the prior art, and it is an object of the present invention to
provide a method of controlling wireless channel access, in which it is determined
whether or not peripheral communication nodes attempting to perform main commu-
nication actually interrupt the main communication, and if it is determined that the pe-
ripheral communication nodes are ones which does not interrupt the main commu-
nication, they gain access to a wireless channel so as to perform parallel commu-
nication with respect to the main communication.

Technical Solution

To accomplish the above object, according to one exemplary embodiment of the
present invention, there is provided a method of controlling access of communication
nodes to a wireless channel so as to allow the communication nodes to access the
wireless channel to transmit and receive data therebetween, the method including the
steps of: (a) calculating the values of parallel communication determining factors for
determining whether or not peripheral communication nodes of a transmitting commu-
nication node or a receiving communication node which is activated can perform
parallel communication with respect to the main communication between the
transmitting communication node and the receiving communication node without in-

terrupting the main communication between the transmitting communication node and
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the receiving communication node; (b) generating a parallel communication de-
termining frame including the calculated values of the parallel communication de-
termining factors; and (c) broadcasting, an integrated frame in which the generated
parallel communication determining frame and a data frame are combined with each
other, to the peripheral communication nodes.

To accomplish the above object, according to another exemplary embodiment of the
present invention, there is provided a method of controlling access of communication
nodes to a wireless channel so as to allow the communication nodes to access the
wireless channel to transmit and receive data therebetween, the method including the
steps of: receiving, a parallel communication determining frame used to determine
whether or not peripheral interference nodes of the transmitting communication node
and the receiving communication node can perform parallel communication with
respect to the main communication between the transmitting communication node and
the receiving communication node without interrupting the main communication
between the transmitting communication node and the receiving communication node,
from the transmitting communication node which accesses the wireless channel and
transmits the data to the receiving communication node; extracting, the values of
parallel communication determining factors for determining whether or not the pe-
ripheral interference nodes can perform the parallel communication, from the received
parallel communication determining frame; determining whether or not the peripheral
interference nodes can access the wireless channel so as to perform parallel commu-
nication with respect to the main communication between the transmitting commu-
nication node and the receiving communication node without interrupting the main
communication based on the extracted parallel communication determining factors;
and controlling the access of the peripheral interference nodes to the wireless channel
based on a result of the determination step.

To accomplish the above object, according to another exemplary embodiment of the
present invention, there is provided an apparatus for controlling access to a wireless
channel, including: a parallel communication determining factor extracting unit for
receiving, a parallel communication determining frame used to determine whether or
not peripheral interference nodes of a transmitting communication node and a
receiving communication node can perform parallel communication with respect to the
main communication between the transmitting communication node and the receiving
communication node without interrupting the main communication between the
transmitting communication node and the receiving communication node, from the
transmitting communication node which accesses the wireless channel and transmits/
receives the data to/from the receiving communication node, and extracting parallel

communication determining factors from the received a parallel communication de-



WO 2010/013853 PCT/KR2008/004461

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

termining frame; a determining unit for determining whether or not the peripheral in-
terference nodes can perform the parallel communication with respect to the main
communication based on the extracted parallel communication determining factors;
and a wireless channel access control unit for controlling the interference nodes to
access the wireless channel so as to perform parallel communication with respect to the
main communication for a remaining communication time allocated to main commu-
nication if it is determined that the peripheral interference nodes can perform the
parallel communication with respect to the main communication.

Advantageous Effects

According to the wireless channel access control method of the present invention has
a variety of following advantageous effects over the conventional wireless channel
access control method.

First, it is determined whether or not peripheral communication nodes actually
interrupt main communication, and if it is determined that the peripheral commu-
nication nodes are ones which does not interrupt the main communication, they gain
access to a wireless channel so as to perform parallel communication with respect to
the main communication, thereby efficiently utilizing a limited wireless channel
resource.

Second, a parallel communication determining frame is integrated with an A-MPDU,
and the control of the wireless channel for the main communication is performed
according to the conventional DCF protocol so that the inventive wireless channel
access control method can be used while maintaining easy compatibility with the IEEE
802.11 standard.

Brief Description of Drawings

FIG. 1 is a diagram illustrating one example of a wireless LAN (WLAN) network
including eight communication nodes.

FIG. 2 is a flowchart illustrating one example of a method of controlling access to a
wireless channel for transmitting and receiving data in accordance with a conventional
distributed coordination function (DCF) protocol.

FIG. 3 is flowchart illustrating another example of a method of controlling access to
a wireless channel for transmitting and receiving data in accordance with a con-
ventional distributed coordination function (DCF) protocol.

FIG. 4 is a diagrammatic view illustrating a first interference model in which one in-
terference node and activated communication nodes exist.

FIG. 5 is a diagrammatic view illustrating a second interference model in which a
plurality of interference nodes I,, I, L,...., I, exists around an activated receiving com-

munication node R and a transmitting communication node T.
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FIG. 6 illustrates a main communication range, a parallel communication range and a

parallel communication disabling range, which are used in the present invention;
FIG. 7 illustrates the relationship among the number (n) of interference nodes po-

sitioned beyond the main communication range, the distance (SRD) between the
transmitting communication node and the receiving communication node, and the
parallel communication range (green zone).

FIG. 8 illustrates one example of an area of the main communication range and the
number (n) of interference nodes according to the area of main communication range.
FIG. 9 is a flowchart illustrating a process in which a transmitting communication
node transmits a parallel communication determining frame to peripheral commu-

nication nodes so as to control access to a wireless channel according to one em-
bodiment of the present invention.

FIG. 10 is a view illustrating one example of an integrated frame generated from a
transmitting communication node according to the present invention.

FIG. 11 is a flowchart illustrating a process in which an interference node controls
access to an wireless channel based on the parallel communication determining frame
according to one embodiment of the present invention.

FIG. 12 is a functional block diagram illustrating an apparatus for controlling access
to a wireless channel according to one embodiment of the present invention.

FIG. 13 is a functional block diagram illustrating a parallel communication de-
termining unit according to the present invention.

FIG. 14 is a view illustrating a variety of examples which control the access of the in-
terference nodes positioned in the parallel communication range and the parallel com-
munication disabling range to the wireless channel depending on a result of the deter-
mination of whether or not the parallel communication is enabled.

Best Mode for Carrying out the Invention

Now, the method and apparatus for controlling access to a wireless channel
according to a preferred embodiment of the present invention will be described
hereinafter in more detail with reference to the accompanying drawings.

FIG. 4 is a diagrammatic view illustrating a first interference model in which one in-
terference node and activated communication nodes exist.

The first interference model will be described hereinafter with reference to FIG. 4.

Referring to FIG. 4, an activated transmitting communication node T and an in-
terference node I are positioned in the receiving range of an activated receiving com-
munication node R. The distance between the activated transmitting communication
node T and the activated receiving communication node R is represented by SRD, and

the distance between the interference node I and the activated receiving commu-
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nication node R is represented by IRD.

The activated receiving communication node R receives signals from the activated
transmitting communication node T and the interference node I, respectively.
According to the distributed coordination function (DCF) protocol, the activated
receiving communication node R strictly limits the access of the interference node I to
the wireless channel through carrier sense in order to prevent interference generated by
the signals transmitted from the activated transmitting communication node T and the
interference node 1. However, the determination whether the interference node actually
interrupts the communication of the activated receiving communication node R is
performed by a difference in the relative strength of a signal between the activated
transmitting communication node R and the interference node I, which is received by
the activated receiving communication node R, i.e., the distance between the
transmitting communication node T and the interference node I which are remote from
the receiving communication node R, but not by whether or not the interference node
is a transmitting node whose carrier is sensed by the receiving communication node R,
i.e., whether or not the interference node is in the interference range of the receiving
communication node.

The strength of the signal received from the activated receiving communication node
R and the interference node I is calculated by the following Equation 1:

[Equation 1]

d
r(d)=r(d-ref)-ylog " ref

where r(d) denotes the strength of the received signal which is remote by a distance

d, d-ref denotes a reference distance (preferably, 1m) from the transmitting commu-

nication node, and

f

denotes a path loss coefficient(
2=4y=06

).

Thus, whether the interference node actually interrupts the communication of the
activated receiving communication node R is determined depending on a threshold
value CPT of the signal strength or a signal-to-noise ratio (SINR), in which the
receiving communication node R can extract the signal of the transmitting commu-
nication node T in spite of an interference signal transmitted from the interference
node I. The distance in which the receiving communication node R receives a signal

from the transmitting communication node T in spite of the interference signal of the
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interference node I is calculated by the following Equation 2:

[Equation 2]
IRD>SRDXp '
O

where

B'}’

O

denotes the minimum signal-to-noise ratio (SIRD) or the threshold value (CPT) of
the signal strength in which the receiving communication node R can extract a signal
from the transmitting communication node T in spite of the interference signal of the
interference node 1.

IRD,,., denotes the maximum distance in which the receiving communication node R
cannot extract the signal of the transmitting communication node T due to the in-
terference signal of the interference node I. The activated receiving communication
node R can accurately receive the signal of the activated transmitting communication

node T when the position of the interference node I satisfies the relationship of

IRD=>IRD ..

FIG. 5 is a diagrammatic view illustrating a second interference model in which a
plurality of interference nodes I, I, Is,...., I, exists around an activated communication
node R and a transmitting communication node T.

Referring to FIG. 5, the plurality of interference nodes I, I, 1....., [, positioned
around an activated communication node R and a transmitting communication node T
can be defined as a virtual interference node I' by the following Equation 3.

[Equation 3]

1

IRID ——
¥

where IRD' denotes the distance between the virtual interference node I' and the
activated receiving communication node R, and d; denotes the distance between the
plurality of interference nodes I, I, L,...., [, and the receiving communication node R.

FIG. 6 illustrates a main communication range, a parallel communication range and a
parallel communication disabling range, which are used in the present invention.

Referring to FIG. 6, a main communication range (forbidden zone), a parallel com-
munication range (green zone) and a parallel communication disabling range (yellow

zone) are disposed at the periphery of the activated receiving communication node R.
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The main communication range, the parallel communication range and the parallel
communication disabling range are distinguished from one another by a commu-

nication accommodating distance (
O, (SRD)
) of n-interference nodes, a communication distance (

G

) between the receiving communication node and the transmitting communication
node, and a carrier sense distance(CSR), centering on the activated receiving commu-
nication node R.

The communication accommodating distance (
@, (SRD)

) of the n-interference nodes is defined by the following Equation 4:
[Equation 4]
1

O, (SRDY=SRD X {(n+1)B o3¢ '

where SRD denotes a distance between the receiving communication node and the

transmitting communication node,

P o

denotes a threshold value (CPT) of the signal strength, in which the receiving com-
munication node R can extract the signal of the transmitting communication node T
required by the receiving communication node, n denotes the number of interference
nodes which do not interrupt the main communication between the receiving commu-
nication node and the transmitting communication node while being positioned beyond
the main communication range.

The communication distance (

G

) means the maximum distance in which the receiving communication node and the
transmitting communication node can communicate with each other, and the carrier
sense distance (CSR) means a distance determined by the carrier sense threshold (CST)
and is used as the same meaning as the interference range.

In the main communication range determined by the communication accommodating

distance (
O, (SRD)

) of the n-interference nodes, the receiving communication node and the transmitting
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communication node can perform the main communication therebetween without
being influenced by any interference of the n-interference nodes which are positioned
beyond the main communication range. A maximum of n-interference nodes po-
sitioned in the parallel communication range (green zone) between the communication

accommodating distance (
@, (SRD)
of the n-interference nodes and the communication distance (

Q)

) do not interrupt the main communication, and can access the wireless channel so as to
perform the parallel communication relative to the main communication. The in-
terference nodes positioned in the parallel communication disabling range (yellow

zone) between the communication distance (

G

) and the carrier sense distance (CSR) cannot perform the parallel communication
relative to the main communication.

Thus, the conventional wireless channel access control method according to the DCF
protocol restricts the access of all the nodes positioned in the carrier sense distance to
the wireless channel by determining the nodes to be temporary interference nodes, but
the wireless channel access control method according to the present invention allows
the interference nodes positioned in the parallel communication range within the
carrier sense distance to access the wireless channel so as to perform the parallel com-
munication with respect to the main communication between the transmitting commu-
nication node and the receiving communication node when the interference nodes are
so remote from the transmitting communication node and the receiving communication
node that they do not interrupt the main communication.

FIG. 7 illustrates the relationship among the number (n) of interference nodes po-
sitioned beyond the main communication range, the distance (SRD) between the
transmitting communication node and the receiving communication node, and the
parallel communication range (green zone).

In FIG. 7, k, 1 and n is calculated by the following Equations 5 to 7:

[Equation 5]
. SRD
®

2

[Equation 6]
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1O
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[76] [Equation 7]
[77] 1
e —— |
v 1-7
Po (—f—
[78] FIGs. 8(a) to 8(c) illustrate one example of an area of the main communication range

and the number (n) of interference nodes according to the area of main communication
range.

[79] Referring to FIGs. 8(a) to 8(c), in the case where the number (n) of the interference
nodes is fixed, when SRD is increased, the parallel communication range is decreased.
In the case where SRD is fixed, when the number (n) of the interference nodes is
increased, the parallel communication range is decreased, and when the parallel com-
munication range is increased, the number (n) of the interference nodes is decreased.

[80] Therefore, in the case where the parallel communication range (green zone) is too
small, a small quantity of interference nodes are positioned in the parallel commu-
nication range so that only limited interference nodes have the opportunity of
performing the parallel communication. In the meantime, in the case where the parallel
communication range (green zone) is too large, a large quantity of interference nodes
perform the parallel communication, resulting in an increase in the probability of in-
terrupting the main communication. As shown in FIG. 7, most preferably, the number
(n) of communication nodes which can perform parallel communication with respect to
the main communication is 23 if k=0.15 and 1=0.5.

[81] FIG. 9 is a flowchart illustrating a process in which a transmitting communication
node transmits a parallel communication determining frame to peripheral commu-
nication nodes so as to control access to a wireless channel according to one em-
bodiment of the present invention.

[82] Referring to FIG. 9, the transmitting communication node senses a carrier for both a
fixed period (DIFS) and a variable period (Backoff) before transmitting data to the
receiving communication node according to the DCF protocol (S1). It is determined
whether or not the transmitting communication node senses a carrier for both the fixed
period (DIFS) and the variable period (Backoff)(S2). If it is determined that the
transmitting communication node doe not sense any carrier, the transmitting commu-

nication node transmits a transmission request message (RTS) to the receiving commu-
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nication node (S3), and then receives a transmission confirmation message (CTS) from
the receiving communication node responding to the transmission request message
(RTS) (S4). The receiving communication node senses a carrier transmitted from other
communication nodes in response to the transmission request message (RTS) from the
transmitting communication node and detects whether or not the wireless channel is
idle. If the wireless channel is sensed idle so that the receiving communication node
Rx can receive data from the transmitting communication node without any in-
terference of other communication nodes, the receiving communication node then
broadcasts the transmission confirmation message (RTS) to interference nodes po-
sitioned in the communication range of the transmitting communication node and the
receiving communication node.

If the transmitting communication node receives the transmission confirmation
message from the receiving communication node, it calculates the values of parallel
communication determining factors for determining whether or not peripheral commu-
nication nodes of the transmitting communication node or the receiving commu-
nication node can perform parallel communication with respect to the main commu-
nication between the transmitting communication node and the receiving commu-
nication node without interrupting the main communication between the transmitting
communication node and the receiving communication node.

The parallel communication determining factors include the strength (DPL) of the
transmitted signal, the threshold value (CPT) of the signal strength in which the
receiving communication node can extract a signal of the transmitting communication
node in spite of an interference signal, and the distance (SRD) between the receiving
communication node and the transmitting communication node. Preferably, the
strength (DPL) of the transmitted signal is determined in proportional to the signal
strength of the transmission confirmation message transmitted from the receiving com-
munication node, the threshold value (CPT) of the signal strength is determined by a
signal modulating and coding method in a modulating and coding scheme (MCS)
table, AND the distance (SRD) between the receiving communication node and the
transmitting communication node is determined by using the Equation 1 based on the
signal strength of the transmission confirmation message.

The transmitting communication node generates a parallel communication de-
termining frame (IF-Frame) including the calculated values of the parallel commu-
nication determining factors (S6), and combines the generated parallel communication
determining frame with a data frame (MPDU) or a plurality of data frames (A-MPDU)
to generate an integrated frame (S7). The transmitting communication node broadcasts
the integrated frame combined with the parallel communication determining frame to

the receiving communication node positioned in the communication range of the
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transmitting communication node and the interference nodes (S8).

Preferably, the receiving communication node removes the parallel communication
determining frame in the received integrated frame and extracts only the data frame.
Then, the interference nodes which are positioned in the communication range of the
transmitting communication node and receives the integrated frame extracts only the
parallel communication determining frame from the received integrated frame, and de-
termines whether or not they can access the wireless channel so as to perform parallel
communication with respect to the main communication.

FIG. 10 is a view illustrating one example of an integrated frame generated from a
transmitting communication node according to the present invention.

Referring to FIG. 10, the integrated frame includes a header, a parallel commu-
nication determining frame (IF-Frame), and a plurality of data frames (Framel,...,
Frame(last)). The parallel communication determining frame is integrated into the first
frame position, and consists of fields having a header, an SRD, a DPL and a CPT
stored therein. Depending on the area to which the present invention is applied, the in-
tegrated frame can be employed in which the parallel communication determining
frame and one data frame, but not the plurality of data frames. This falls within the
scope of the present invention.

FIG. 11 is a flowchart illustrating a process in which an interference node controls
access to the wireless channel based on the parallel communication determining frame
according to one embodiment of the present invention.

Referring to FIG. 11, the interference nodes, which attempt to access a wireless
channel while being positioned in the communication range of the transmitting com-
munication node so as to perform parallel communication relative to the main commu-
nication between an activated transmitting communication node and an activated
receiving communication node, receives the integrated frame including the parallel
communication determining frame from the transmitting communication node (S11),
and determines whether or not the parallel communication determining frame exists in
the received integrated frame (S12). Whether or not the parallel communication de-
termining frame exists in the received integrated frame is determined through in-
formation stored in the header of the integrated frame.

If the parallel communication determining frame exists in the received integrated
frame, the interference nodes separate the parallel communication determining frame
from the received integrated frame and extract the parallel communication determining
factors from the separated parallel communication determining frame (S13).

Meanwhile, the interference nodes calculate the strength (r(IRD)) of a signal
transmitted therefrom to the activated transmitting communication node or the

activated receiving communication node based on the signal strength of the
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transmission request message (RTS) transmitted from the activated transmitting com-
munication node or the signal strength of the transmission confirmation message
(CTS) transmitted from the activated receiving communication node (S14). The
strength (r(IRD)) of the signal, which is transmitted therefrom to the activated
transmitting communication node or the activated receiving communication node in-
terference node, is measured as follows in the activated transmitting communication
node or the activated receiving communication node interference node. First, the in-
terference nodes measure the signal strengths of the transmission request message
(RTS) or the transmission confirmation message (CTS) transmitted to the interference
node from the activated transmitting communication node or the activated receiving
communication node, and select a communication node which is positioned nearer to
the interference node from the transmitting communication node and the receiving
communication node. The interference nodes calculate the distance (IRD) between the
interference nodes and the selected communication node by applying the signal
strength of the selected communication node to Equation 1. The strength (r(IRD)) of
the signal, which is transmitted to the selected communication node from the in-
terference nodes is measured by substituting the calculated distance (IRD) into the
following Equation 8:

[Equation 8]
(r(IRD))=PLmax-ylog ,(IRD)

where PLmax denotes the strength of the maximum transmitted signal of the in-
terference node.

In addition, the interference nodes calculate the signal strength (r(SRD)) between the
activated transmitting communication node and the activated receiving communication
node by using the following Equation 9 based on the parallel communication de-
termining factors (DPL, SRD):

[Equation 9]

r(SRD)=DPI.-ylog |,(SRD)

It is determined whether or not the interference nodes can access the wireless channel
so as to perform parallel communication with respect to the main communication for
the communication time (PXOP) allocated to main communication without in-
terrupting the main communication based on r(IRD), r(SRD), the number (n) of the in-
terference nodes positioned between the main communication range and the parallel
communication range, and CPT values which have been calculated (S16). If itis de-
termined that the interference nodes do not interrupt the main communication, the in-

terference nodes are controlled to access the wireless channel (S17).
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FIG. 12 is a functional block diagram illustrating an apparatus for controlling access
to a wireless channel according to one embodiment of the present invention.

The elements constituting the apparatus for controlling access to the wireless channel
according to the present invention can be implemented in a physical layer and a MAC
layer according to the IEEE 802.11 standard.

Referring to FIG. 12, a receiving unit 100 receives an integrated frame including a
parallel communication determining frame, and an integrated frame analyzing unit 200
analyzes and distinguishes the parallel communication determining frame and a data
frame (MPDU) in the received integrated frame. Preferably, the parallel commu-
nication determining frame and the data frame can be distinguished from each other
through a header of each frame.

A paralle] communication determining factor extracting unit 300 extracts the parallel
communication determining factors stored in a data field of the distinguished parallel
communication determining frame. In the present invention, the parallel commu-
nication determining factors used to determine whether or not the interference nodes
can perform parallel communication with respect to the main communication without
interrupting the main communication include the strength (DPL) of the transmitted
signal, the threshold value (CPT) of the signal strength in which the receiving commu-
nication node can extract a signal of the transmitting communication node in spite of
an interference signal, and the distance (SRD) between the receiving communication
node and the transmitting communication node.

A determining unit 400 determines whether or not the interference nodes can perform
parallel communication with respect to the main communication without interrupting
the main communication between the activated transmitting communication node and
the activated receiving communication node. Based on a result of the determination of
the determining unit 400, if a wireless channel access control unit 500 determines that
the interference nodes do not interrupt the main communication, it controls the in-
terference nodes to access the wireless channel so as to perform the parallel commu-
nication with respect to the main communication.

FIG. 13 is a functional block diagram illustrating a parallel communication de-
termining unit according to the present invention.

Referring to FIG. 13, the determining unit 400 includes a received signal strength
calculating unit 410 for calculating the strength (r(IRD)) of a signal which is
transmitted from the interference nodes to the activated transmitting communication
node or the activated receiving communication node and is measured in the activated
transmitting communication node or the activated receiving communication node, a
transmitted signal strength calculating unit 430 for calculating the strength of a signal

transmitted from the transmitting communication node based on the extracted parallel
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communication determining factors, and a parallel communication determining unit
450 for determining whether or not the interference nodes can perform parallel com-
munication with respect to the main communication without interrupting the main
communication between the activated transmitting communication node and the
activated receiving communication node.

The received signal strength calculating unit 410 will be described hereinafter in
more detail.

The received signal strength calculating unit 410 includes a signal strength
measuring unit 411 for measuring the signal strength of the transmission request
message (RTS) or the signal strength of the transmission confirmation message (CTS)
received from the interference nodes and selecting the message whose signal strength
is larger in the signal strengths, a distance calculating unit 413 for applying the
selected signal strength to Equation 1 to calculate the distance (IRD) between the in-
terference nodes and the activated communication node transmitting the selected
message, and an r(IRD) calculating unit 415 for calculating the strength (r(IRD)) of a
signal which is transmitted to a communication node selected by the interference nodes
and is measured in the selected communication node by using Equation 8.

In the meantime, the parallel communication determining unit 450 will be described
hereinafter in more detail.

The parallel communication determining unit 450 determines whether or not the in-
terference nodes can access the wireless channel so as to perform parallel commu-
nication with respect to the main communication without interrupting the main com-
munication between the activated transmitting communication node and the activated
receiving communication node by applying r(IRD), r(SRD), CPT and PXThresh to the
following Equation 10:

[Equation 10]

1PC— r(SRD)

= >CPT
PXThresh Xr(IRD)

where PXThresh denotes a threshold value of the parallel communication node,
which means the number of interference nodes which can perform the parallel commu-
nication with respect to the main communication between the activated communication
nodes in the parallel communication range without interrupting the main commu-
nication.

If the IPC value is true, the parallel communication determining unit 450 determines
that the parallel communication is disabled. If the IPC value is false, the parallel com-

munication determining unit 450 determines that the parallel communication is
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enabled. That is, the IPC value represents a false value only when the interference
nodes are positioned in the parallel communication range.

FIG. 14 is a view illustrating a variety of examples which control the access of the in-
terference nodes positioned in the parallel communication range and the parallel com-
munication disabling range to the wireless channel depending on a result of the deter-
mination of whether or not the parallel communication is enabled.

In FIG. 14(a), the interference nodes positioned in parallel communication range of
the transmitting communication node and the receiving communication node receive
the transmission request message (RTS) from the transmitting communication node
and the transmission confirmation message (CTS) from the receiving communication
node. If the result of the determination is false, the interference nodes perform parallel
communication with respect to the main communication after a lapse of the variable
period.

In FIG. 14(b), the interference nodes positioned in parallel communication range of
the transmitting communication node but positioned beyond the parallel commu-
nication range of the receiving communication node receive only the transmission
request message (RTS) from the transmitting communication node. If the result of the
determination is false, the interference nodes perform parallel communication with
respect to the main communication after a lapse of the variable period.

In FIG. 14(c), the interference nodes positioned in parallel communication range of
the transmitting communication node and the receiving communication node receive
the transmission request message (RTS) from the transmitting communication node
and the transmission confirmation message (CTS) from the receiving communication
node, but is positioned beyond the main communication range of the activated commu-
nication node. Thus, if the result of the determination is true, the interference nodes do
not access the wireless channel.

In FIG. 14(d), the interference nodes positioned in parallel communication range of
the transmitting communication node but positioned beyond the parallel commu-
nication range of the receiving communication node receive the transmission request
message (RTS) from the transmitting communication node, but is positioned in the
parallel communication disabling range. Thus, if the result of the determination is true,
the interference nodes do not access the wireless channel.

In FIG. 14(e), the interference nodes positioned in parallel communication range of
the receiving communication node but positioned beyond the parallel communication
range of the transmitting communication node receive only the transmission con-
firmation message (CTS) from the receiving communication node, but do not receive
the transmission request message and the parallel communication determining frame

from the transmitting communication node. If the result of the determination is true,



20

WO 2010/013853 PCT/KR2008/004461

[121]

[122]

[123]

the interference nodes do not access the wireless channel.

Meanwhile, the above-mentioned embodiments of the present invention can be im-
plemented in a program which can be executed in a computer, and can be implemented
in a general purpose digital computer executing the program using a recoding medium
readable by a computer.

The recording medium readable by the computer includes a magnetic storage
medium such as, for example, ROMs, floppy disks, hard disks and the like, an optical
reading medium such as, for example, CD-ROMs, DVDs and the like, and a carrier
wave storage medium such as, for example, transmission over the Internet.

Although the preferred embodiments of the present invention have been described in
connection with the exemplary embodiments illustrated in the drawings, they are
merely illustrative embodiments. It will be appreciated that and various equivalent
modifications and variations of the embodiments can be made by a person having an
ordinary skill in the art without departing from the spirit and scope of the present
invention. Therefore, the true technical scope of the present invention should be

defined by the technical spirit of the appended claims.
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Claims

A method of controlling access of communication nodes to a wireless channel so
as to allow the communication nodes to access the wireless channel to transmit
and receive data therebetween, the method comprising the steps of:

(a) calculating the values of parallel communication determining factors for de-
termining whether or not peripheral communication nodes of a transmitting com-
munication node or a receiving communication node which is activated can
perform parallel communication with respect to the main communication
between the transmitting communication node and the receiving communication
node without interrupting the main communication between the transmitting
communication node and the receiving communication node;

(b) generating a parallel communication determining frame including the
calculated values of the parallel communication determining factors; and

(c) broadcasting, an integrated frame in which the generated parallel commu-
nication determining frame and a data frame are combined with each other, to the
peripheral communication nodes.

The method according to claim 1, wherein the step (a) comprises the steps of:
transmitting a transmission request message (Request-to-Send; RTS) to the
receiving communication node;

receiving from a transmission confirmation message (Clear-to-Send; CTS) from
the receiving communication node in response to the transmission request
message; and

calculating the values of the parallel communication determining factors based
on the signal strength of the received transmission confirmation message and the
distance between the peripheral communication nodes and the transmitting com-
munication node.

The method according to claim 2, wherein the parallel communication de-
termining factors comprises the distance (SRD) between the receiving commu-
nication node and the transmitting communication node, the strength (DPL) of
the transmitted signal of the transmitting communication node, and the threshold
value (CPT) of the signal strength in which the receiving communication node
can extract a signal of the transmitting communication node.

The method according to claim 3, wherein the distance (SRD) between the
receiving communication node and the transmitting communication node is
calculated based on the strength of the transmission confirmation message,

the strength (DPL) of the transmitted signal of the transmitting communication

node is calculated based on a signal strength corresponding to the signal strength
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of transmission confirmation message, and

the threshold value (CPT) of the signal strength is calculated based on the
distance between the peripheral communication nodes and the transmitting com-
munication node.

The method according to claim 3, wherein the transmitting communication node
is controlled such that it accesses the wireless channel in accordance with the
Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) protocol
according to the IEEE 801.11 standard before accessing the wireless channel so
as to perform the main communication with the receiving communication node.
The method according to claim 3, wherein the transmitting communication node
is controlled such that it accesses the wireless channel in accordance with the
Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) MAC
protocol according to the IEEE 801.11 standard before accessing the wireless
channel so as to perform the main communication with the receiving commu-
nication node.

A method of controlling access of communication nodes to a wireless channel so
as to allow the communication nodes to access the wireless channel to transmit
and receive data therebetween, the method comprising the steps of:

(a) receiving, a parallel communication determining frame used to determine
whether or not peripheral interference nodes of the transmitting communication
node and the receiving communication node can perform parallel communication
with respect to the main communication between the transmitting commu-
nication node and the receiving communication node without interrupting the
main communication between the transmitting communication node and the
receiving communication node, from the transmitting communication node
which accesses the wireless channel and transmits the data to the receiving com-
munication node;

(b) extracting, the values of parallel communication determining factors for de-
termining whether or not the peripheral interference nodes can perform the
parallel communication, from the received parallel communication determining
frame;

(c) determining whether or not the peripheral interference nodes can access the
wireless channel so as to perform parallel communication with respect to the
main communication between the transmitting communication node and the
receiving communication node without interrupting the main communication
based on the extracted parallel communication determining factors; and

(d) controlling the access of the peripheral interference nodes to the wireless

channel based on a result of the determination in the step (c).
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The method according to claim 7, wherein the parallel communication de-
termining frame is received with it combined with one data frame or a plurality
of data frame, and the parallel communication determining factors is extracted
from the parallel communication determining frame separated from the received
data frame.

The method according to claim 7, wherein the parallel communication de-
termining factors included in the parallel communication determining frame
comprises the distance between the receiving communication node and the
transmitting communication node, the strength of the transmitted signal of the
transmitting communication node, and the threshold value of the signal strength
in which the receiving communication node can extract a signal of the
transmitting communication node.

The method according to claim 7, wherein the step (c) further comprises the
steps of:

(c1) selecting a signal which is received with a higher strength (r(IRD)) of the
signals received from the transmitting communication node and the receiving
communication node;

(c2) calculating the strength (r(SRD)) of the transmitted signal of the transmitting
communication node using the extracted parallel communication determining
factors; and

(c3) determining whether or not the peripheral communication nodes can access
the wireless channel so as to perform parallel communication with respect to the
main communication between the transmitting communication node and the
receiving communication node without interrupting the main communication,
based on the strength (r(IRD)) of the selected received signal, the calculated
strength (r(SRD)) of the transmitted signal, the number (PTXhresh) of the pe-
ripheral communication nodes which can perform parallel communication with
respect to the main communication without interrupting the main commu-
nication, and the threshold value (CPT) of the signal strength in which the
receiving communication node can extract a signal of the transmitting commu-
nication node.

The method according to claim 10, wherein whether or not the peripheral com-
munication nodes can access the wireless channel so as to perform parallel com-
munication in the step (c3) is determined by the following Equation 1:

[Equation 1]

IPC— r(SRD)

= >CPT
PXThresh Xr(IRD)
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In the step (d), if the Equation 1 is not satisfied, the peripheral communication
nodes is controlled so as not to access the wireless channel to perform parallel
communication with respect to the main communication, and

if the Equation 1 is satisfied, the peripheral communication nodes is controlled so
as to access the wireless channel to perform parallel communication with respect
to the main communication.

The method according to claim 11, wherein the number of the peripheral com-
munication nodes which can perform parallel communication with respect to the
main communication without interrupting the main communication is 23 if
k=0.15 and 1=0.5,

wherein
. SRD
Q)
and
2 2
w07 (0,(SRD)D)
i=

2
nd
where SRD denotes the distance between the transmitting communication node
and the receiving communication node, denotes the communication distance of

the transmitting communication node or the receiving communication node, and

|

O (SRD)=SRD X {(PXThresh+1)p ,} '

The method according to claim 8, wherein if only data frame which does not
include the parallel communication determining frame is received, the
transmitting communication node is controlled such that it accesses the wireless
channel in accordance with the Carrier Sense Multiple Access with Collision
Avoidance (CSMA/CA) MAC protocol according to the IEEE 801.11 standard
before accessing the wireless channel so as to perform the main communication
with the receiving communication node.

An apparatus for controlling access to a wireless channel, comprising:

a parallel communication determining factor extracting unit for receiving, a

parallel communication determining frame used to determine whether or not pe-
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ripheral interference nodes of a transmitting communication node and a receiving
communication node can perform parallel communication with respect to the
main communication between the transmitting communication node and the
receiving communication node without interrupting the main communication
between the transmitting communication node and the receiving communication
node, from the transmitting communication node which accesses the wireless
channel and transmits/receives the data to/from the receiving communication
node, and extracting parallel communication determining factors from the
received a parallel communication determining frame;

a determining unit for determining whether or not the peripheral interference
nodes can perform the parallel communication with respect to the main commu-
nication based on the extracted parallel communication determining factors; and
a wireless channel access control unit for controlling the interference nodes to
access the wireless channel so as to perform parallel communication with respect
to the main communication for a remaining communication time allocated to
main communication if it is determined that the peripheral interference nodes can
perform the parallel communication with respect to the main communication.
The apparatus according to claim 14, wherein the parallel communication de-
termining unit further comprises:

a received signal strength calculating unit for calculating the strength (r(IRD)) of
a signal which is transmitted with a higher strength from the peripheral in-
terference nodes to the transmitting communication node or the receiving com-
munication node;

a transmitted signal strength calculating unit for calculating the strength (r(SRD))
of a signal transmitted from the transmitting communication node based on the
extracted parallel communication determining factors; and

a parallel communication determining unit for determining whether or not the pe-
ripheral communication nodes can access the wireless channel so as to perform
parallel communication with respect to the main communication between the
transmitting communication node and the receiving communication node without
interrupting the main communication, based on the strength (r(IRD)) of the
selected received signal, the calculated strength (r(SRD)) of the transmitted
signal, the number (PTXhresh) of the peripheral communication nodes which can
perform parallel communication with respect to the main communication without
interrupting the main communication, and the threshold value (CPT) of the
signal strength in which the receiving communication node can extract a signal
of the transmitting communication node.

The apparatus according to claim 15, wherein the parallel communication de-
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termining unit determines whether or not to perform the parallel communication
by the following Equation 2:
[Equation 2]

IPC— r(SRD)

= >CPT
PXThresh Xr(IRD)

2

wherein the wireless channel access control unit controls the peripheral commu-
nication nodes not to access the wireless channel to perform parallel commu-
nication with respect to the main communication if the Equation 2 is not
satisfied, and

the wireless channel access control unit controls the peripheral communication
nodes to access the wireless channel to perform parallel communication with

respect to the main communication if the Equation 2 is satisfied.



1/9

WO 2010/013853 PCT/KR2008/004461

[Fig. 1]

WIRE NETWORK/
INTERNET



2/9

PCT/KR2008/004461

WO 2010/013853

[Fig. 2]

<O X

0 — LW

NAddiA

o — LW

Orw

Asng

31dl wnipsp——~

Xy

X1



WO 2010/013853

[Fig. 3]

MPDU
n

MPDU

MPDU

MPDU

[Fig. 4]

|
|
'<ox|
ln— e

)

0

o

T

<

w)— LWl

ok
lon—wen

Busy -— DIFS

Tx
Rx

BACKOFF

3/9

PCT/KR2008/004461



4/9

WO 2010/013853 PCT/KR2008/004461

[Fig. 5]

[Fig. 6]
PARALLEL PARALLEL ~ MAIN
COMMUNICATION  GOMMUNICATION COMMUNICATION
DISABLING RANGE RANGE
RANGE

W, (SRD)—i
' COMMUNICATION
~—— RANGE (6) —

;‘___.CARHERSEN$NG .
RANGE(CSR)

[Fig. 7]
nvs. k and I(B,=25 . y=4)

400
350
300
250
200 n
150
100

(k=0.15, I=0.5, n=23)




5/9

WO 2010/013853 PCT/KR2008/004461

[Fig. 8]

PARALLEL
COMMUNICATION RANGE

MAIN
COMMUNICATION

RANGE
Czl SRD

)

PARALLEL
COMMUNICATION RANGE

MAIN
COMMUNICATION
RANGE

SRD

PARALLEL
COMMUNICATION RANGE

MAIN
COMMUNICATION RANGE

<§%§?D



6/9

WO 2010/013853

[Fig. 9]

START

YES

SENSE CARRIER FOR A PREDETERMINED PERIOD

IS ANY CARRIER SENSED ?

NO

TRANSMITS TRANSMISSION REQUEST MESSAGE (RTS)—-S3

l

RECEIVES TRANSMISSION CONFIRMATION MESSAGE (CTS)

—S4

l

CALCULATE THE VALUES OF PARALLEL COMMUNICATION
DETERMINING FACTORS

——S5

GENERATE PARALLEL COMMUNICATION DETERMINING FRAME

GENERATE INTEGRATED FRAME

l

TRANSMIT THE INTEGRATED FRAME TO THE PERIPHERAL
COMMUNICATION NODES

END

PCT/KR2008/004461



7/9

PCT/KR2008/004461

WO 2010/013853

[Fig. 10]

el

peojied

(b=UHPH

f————Uu owBI{ ——

el

1d0

1dd

das

ddH

ouleld 4|

el

peojAed

f——| 8WEl ———f=——3Weiq 4] —~

ddH




8/9

WO 2010/013853 PCT/KR2008/004461
[Fig. 11]

( START )

/
RECEIVE THE INTEGRATED FRAME ——S11

NO DOES THE PARALLEL

COMMUNICATION DETERMINING FRAME S12
EXIST ?
YES y
EXTRACT PARALLEL COMMUNICATION DETERMINING FACTORS p——S13
y
CALCULATE R(IRD) FROM MAX(RTS, CTS) L S14
CALCULATE R(SRD) L 515
DETERMINE WHETHER PARALLEL COMMUNICATION IS POSSIBLE |—S16
CONTROL ACCESS TO THE WIRELESS CHANNEL 517
]
END
[Fig. 12]
RECEIVING
UNIT 100
y
PARALLEL
INTEGRATED COMMUNICATION WIRELESS
FRAME DETERMINING DETERMINING CHANNEL
ANALYZING [  FACTOR ™ UNIT - ACCESS
UNIT EXTRACTING CONTROL
UNIT UNIT

200 300 400 500



9/9

SRD DPL

L

TRANSMITTED
SIGNAL
STRENGTH
UNIT
CALCULATING

430

CPT

l

PCT/KR2008/004461

PXThresh

l

PARALLEL

UNIT

COMMUNICATION
»  DETERMINING

450

WO 2010/013853
[Fig. 13]
RTS CTS
410 ‘ '
SIGNAL
411 STRENGTH
MEASURING
UNIT
/
DISTANCE
413—m CALCULATING
UNIT
y
R(RD)
415 CALCULATING
UNIT
3
Y
[Fig. 14]

Y

PARALLEL
RTS+CTS(IPC=False) NAV(RTS) COMMUNICATION ()
: NAV(CTS)
Rl
! T
‘ S PARALLEL
= NAV(RTS
No CTS(IPC=False) (RTS) \ COMMUNICATION (b)
RTS+CTS(IPC=True) ' NAV(RTS) ©)
: © NAV(CTS)
RTS Only(IPC=True) - NAV(RTS) @
CTS Only(IPC=True) (o)
NAV(CTS)

— PXOP—— |



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2008/004461

A. CLASSIFICATION OF SUBJECT MATTER

HO4L 12/28(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC : HO4L, HO4B and GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility models since 1975
Japanese Utility models and applications for Utility models since 1975

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

EKIPASS(KIPO Internal), IEEE xplore and Google

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X MD. MUSTAFIZUR RAHMAN et al. Slotted Transmissions using Frame aggregation: A MAC 1,7-8,14
A protocol for Capacity Enhancement in Ad-hoc Wireless LANs, Journal of The Institute of 2-6,9-13,15-16

Electronics Engineers of Korea, August 2007, 2007-44TC-8-5, pp.779-787.

A KR 10-2008-0013890 A (KONINKLIJKE PHILIPS ELECTRONICS N.V.) 13 February 2008. 1-16
See the abstract, Fig.1 and Claims 1 and 7.

A WO 2005-062559 A1 (QUALCOMM INCORPORATED) 7 July 2005. 1-16
See the abstract, Fig.5 and Claim 1.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
15 APRIL 2009 (15.04.2009) 15 APRIL 2009 (15.04.2009)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- Yang, Jong Phil
. gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8595

Form PCT/ISA/210 (second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2008/004461
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 10-2008-0013890 A 13.02.2008 EP 1882338 A2 30.01.2008
JP 2008-541603 A 20.11.2008
WO 2006-120652 A2 16.11.2006
WO 2006-120652 A3 11.01.2007
WO 2005-062559 A1 07.07.2005 AU 2004-304610 A1 07.07.2005
Pl 0417257 A 06.03. 2007
CA 2547325 A1 07.07.2005
CN 1914860 A 14.02.2007
EP 1698124 A1 06.09. 2006
EP 1698124 B1 26.11.2008
JP 2007-513572 A 24.05.2007
KR 10-2006-0120702 A 27.11.2006
US 7356341 B2 08.04.2008

Form PCT/ISA/210 (patent family annex) (July 2008)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	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 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	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 - wo-search-report
	Page 39 - wo-search-report

