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COMMUNICATION METHOD FOR ACCESSING
WIRELESS MEDIUM UNDER ENHANCED
DISTRIBUTED CHANNEL ACCESS
CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 USC §
119 to US. provisional patent application No. 60/665,945
?led on Mar. 28, 2005, the contents of Which are incorpo

rated herein by reference in its entirety.

then they are suffered from performance degradation. To
avoid excess accesses, the 802.11e supports an admission

control scheme.

[0009] HoWever, even though the EDCA provides both the
service differentiation and the admission control, it does not

fully protect high priority tra?ic. Since the EDCA provides
contention-based channel access, contentions betWeen high
priority ?oWs or betWeen high and loW priority ?oWs
degrade performance measures such as throughput or delay
of real-time tra?ic. Therefore the present invention provides

FIELD OF THE INVENTION

a method to enhance throughput of real-time tra?ic under
EDCA.

[0002] The present invention relates to a communication
method for accessing a Wireless medium under carrier sense

[0010] Basically CW siZes for high priority traf?c are
smaller than loW priority traf?c so that high priority traf?c

multiple access With collision avoidance (CSMA/CA), and

gets more chance to access the WM. HoWever, When a lot of

more particularly to a method to enhance throughput of
real-time traf?c under enhanced distributed channel access

high priority tra?ic associate With an AP, collisions betWeen
high priority tra?ic often happen due to small CW siZes. In

(EDCA).

order to overcome such problem, the present invention
provides a method for an AP to dynamically control CW
BACKGROUND OF THE INVENTION

sizes.

[0003] IEEE 802.11 WLAN technology has become very
popular because of its advantage in price and bandWidth.

SUMMARY OF THE INVENTION

NoWadays, WLAN is mainly used for Internet access, but
real-time application like VoIP (Voice over IP) and video

Which can be incorporated into Wireless media such as

conference are identi?ed as next killer applications for
WLAN.

Works to adaptively update a siZe of contention WindoWs

[0004] Since these applications require distinct speci?c

(CWs) in access categories (ACs) of the Wireless media
under Enhanced Distributed Channel Access (EDCA) in
accordance With real-time traf?c conditions.

features, such as delay sensitivity or bandWidth requirement,
it is desired to support differentiation services in IEEE

802.11 standard. MAC (medium access control) protocol in
the “Wireless LAN Medium Access Control (MAC) and

[0011] The algorithm according to the present invention
WLAN (Wireless LAN) devices and WLAN STAs (stations)

[0012] The adaption algorithm sets default values ?rst for
CWmin[k] and CWmaX[k] in each AC[k], Where k is an

Physical Layer (PHY) Speci?cations, IEEE Std 802.11-1999

integer in a range of 0éké3, When WLAN devices are

(Realf 2003)” employs a contention-based channel access,
called DCF (distributed coordination function).

turned on.

[0005] The DCF operates With CSMA/CA. HoWever, the

Whose transmission buffer is greater than Zero is counted,

DCF does not Work Well With real-time applications due to
that a STA (station), having real-time traf?c, may Wait for
long time to access the WM (Wireless medium) regardless of
its requirement. When real-time tra?ic contends With best
effort traf?c, both of traffic has the same opportunity to
access the WM. Therefore, real-time traf?c, Which has delay
sensitivity, does not meet its requirement under DCF.

[0013] Then, the number of STAs having real-time ?oWs
folloWed by determining Whether each siZe of CWs is
necessary to be updated in accordance With the number of

packets.
[0014] Then, it has to be determined Which AC[3] or
AC[2] increases or decreases its contention WindoW siZes.

[0015] When updating them in AC[3] or AC[2], service

[0006] To overcome the problem presented above, IEEE

differentiation de?ned in IEEE802.11e as a default is at least

802.11e Working group is noW discussing neW 802.11 MAC

maintained. That is, ones in AC[1] and AC[0] are accord

protocol, Which provides QoS (Quality of Service). The

ingly updated. Furthermore, minimum and maximum siZes

802.11e HCF (hybrid coordination function) can support
QoS in 802.11 netWorks. The HCF provides both a conten
tion-based channel access, called EDCA (enhanced distrib
uted channel access), and a controlled channel access,
referred to as HCCA (HCF controlled channel access).

of CW in an AC do not become equal to or smaller than

those in other ACs for real-time traf?c. When updating CW
siZes in an AC, both minimum and maximum CW siZes in
the AC are updated. HoWever, maximum CW siZes both in
AC[1] and AC[0] are not updated because they are set to a
maximum value as a default value.

[0007] The EDCA ensures that a STA With high priority
traf?c (i.e. traf?c With real-time requirement) can have more
opportunities to access the WM than loW priority traf?c

[0016] The beloW shoWs hoW to increase or decrease CW
siZes in each AC When increasing or decreasing ones in

transmitted from other STAs or itself. The EDCA achieves

AC[3] or AC[2].

the service differentiation using different CW siZes and
inter-frame spaces.

[0017] In case of increasing CW siZes in AC[3], it has to
be determined Whether half of those in AC[2] are larger than

[0008]

Comparing With the DCF, the EDCA can guarantee

the current ones in AC[3]. If such conditions are satis?ed,

the service differentiation. But it does not completely meet

requirement of high priority traf?c. If an AP (access point)

only CWmin[3] and CWmaX[3] are increased. OtherWise,
CWmin[2], CWmaX[2], CWmin[1] and CWmin[0] are also

accepts a lot of Hows, the netWork Will become saturated and

increased in addition to ones in AC[3].
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[0018] In case of increasing CW sizes in AC[2], CWmin[l]

[0037] FIG. 12 is a diagram shoWing comparison of

and CWmin[0] are also increased in addition to ones in

throughput of video How in Scenario 2.

AC[2].

[0038] FIG. 13 is a diagram shoWing comparison of delay

[0019]

In any event, CWmaX[l] and CWmaX[0] are not

updated because their default values are set as a maximum

value.

of voice How in Scenario 2.

[0039] FIG. 14 is a diagram shoWing comparison of delay
of video How in Scenario 2.

[0020] In case of decreasing CW siZes in AC[3], it has to
be determined Which AC[3] or AC[2] decreases its conten
tion WindoW siZes.

[0021]

In case of decreasing CW siZes in AC[3], CWminl:

[0] are also decreased if CW siZes in AC[2] can be
decreased.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0040] A Wireless communication system for Which the
present invention Works is shoWn in FIG. 1. In the system,
a Wireless LAN access point (AP) 100 can be accessed by a

plurality of Wireless LAN stations (STA) 200a, 200b, 2000,
. . . , 20011 through a communication netWork 300.

[0022] In case of decreasing CW siZes in AC[2], it has to
be determined Whether half of CWmin[2] is larger than
CWmin[3]. If such conditions are satis?ed, CWmin[2],

CWmaX[2), CW
[0023]

[1] and CWmin[0] are decreased.

If such conditions are not satis?ed, any contention

WindoW siZes are not decreased.

[0024]

The decreased CW siZes are not beloW the default

values of CWmin[k].
[0025] This summary does not purport to de?ne the inven
tion. The invention is de?ned by the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a Wireless communication system
betWeen a Wireless LAN access point (AP) and a plurality of

Wireless LAN stations (STA).
[0027]

FIG. 2 is a system con?guration shoWing an imple

mentation model for EDCA.

[0028] FIG. 3 is a diagram shoWing an update policy in
case of increasing CW siZes according to the present inven
tion.

[0029] FIG. 4 is a diagram shoWing an update policy in
case of decreasing CW siZes according to the present inven
tion.

[0030] FIG. 5 is a diagram shoWing First Phase of the
adaptation algorithm according to the ?rst embodiment of
the present invention.
[0031] FIG. 6 is a diagram shoWing Second Phase of the
adaptation algorithm according to the ?rst embodiment of
the present invention.
[0032] FIG. 7 is a diagram shoWing First Phase of the
adaption algorithm according to the second embodiment of
the present invention.
[0033] FIG. 8 is a diagram shoWing Second Phase of the
adaption algorithm according to the second embodiment of
the present invention.

[0041] The algorithm according to the present invention to

adaptively update contention WindoWs (CW) is imple
mented in AP 100, and can be utiliZed under CSMA/CA

(Carrier Sense Multiple Access With Collision Avoidance)
and also under DCA (Differential Channel Access) Which
Works based on CSMA/CA. Furthermore, it is adaptable
under EDCA (Enhanced Distributed Channel Access) Which
achieves DCA and is de?ned in “Wireless LAN Medium

Access Control (MAC) and Physical Layer (PHY) Speci?
cations: Medium Access Control (MAC) Quality of Service

(QoS) Enhancements, IEEE Std. 802.lle/Dl2.0 (November
2004)”. AP 100 announces updated CW siZes through bea
con transmissions. In the followings, the algorithm accord
ing to the present invention is explained assuming that it is
implemented under EDCA.
[0042] The Wireless LAN medium access control (MAC)
layer is implemented in both AP 100 and LAN stations
(STA) 200a, 200b, . . . 20011.

[0043] EDCA provides differentiated and distributed
channel access to the WM based on 8 different UPs (user

priorities). As shoWn in FIG. 2, the EDCA mechanism
de?nes four ACs (access categories) to support differentiated
channel access. The mapping from UPs to ACs is de?ned in

“Wireless LAN Medium Access Control (MAC) and Physi
cal Layer (PHY) Speci?cations: Medium Access Control
(MAC) Quality of Service (QoS) Enhancements, IEEE Std.

802.lle/Dl2.0 (November 2004)”.
[0044]

Differentiated channel access is achieved through

varying the amount of time a station Would sense the channel
to be idle and the length of CW for a backolf. Four ACs use

different values of AIFS (arbitration inter frame space), the
minimum CW siZe and the maximum CW siZe. In this

embodiment, for AC [k] (Oéké3), the minimum CW siZe is
CWmin[k], the maximum CW siZe is CWmaX[k] and the
arbitration inter frame space is AIFS[k]. Further the arbitra
tion inter frame space number is AIFSN[k] and the short
interface space is SIFS.

[0045]

The relation betWeen AIFS[k] and AIFSN[k] is as

folloWs,

[0034] FIG. 9 is a diagram shoWing comparison of
throughput of voice How in Scenario 1.

[0035] FIG. 10 is a diagram shoWing comparison of
throughput of video How in Scenario 1.

The AP announces CWmin[k], CWmaX[k] and AIFSN[k] as a
part of EDCA parameter-set in beacon frames. Default
EDCA parameters are shoWn in “Wireless LAN Medium

Access Control (MAC) and Physical Layer (PHY) Speci?

[0036] FIG. 11 is a diagram shoWing comparison of

cations: Medium Access Control (MAC) Quality of Service

throughput of voice How in Scenario 2.

(QoS) Enhancements, IEEE Std. 802.lle/Dl2.0 (November
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2004)”. If one AC has a smaller AIFSN, CWmin[k], and
CWmaX[k] than another AC, the AC can have a better chance

used_time, the STA controls the channel access to the WM.
The used_time are updated after each successful or unsuc

to access the WM earlier.

cessful MPDU (MAC protocol data unit) (re)transmission

[0046]

attempt as folloWs,
useditirne=useditime+MPDUExchangeTirne

FIG. 2 shows four transmission queues imple

mented in a STA. Each queue supports on AC. It behaves as

a single EDCA entity, contends for the channel access, and
independently starts its backoif procedure depending on its
associated AC. When more than one AC Within a STA has

(2)

[0053] Further, at second interval,
useditime=max((usedftirne-adrnittedftime),0)

[0054]

(3)

MPDUExchangeTime is the duration needed to

their backoif timers expire at the same time, the collision
among them is treated in a virtual manner. The highest

transmit one data frame, considering the duration of SIFS or

priority frame is chosen and transmitted, and the other

the acknowledgement (ACK) transmission. If used_time

queues increase values of CW and start their backolf. But,

reaches or exceeds the admitted_time, the corresponding AC
cannot transmit any frames using its EDCA parameter-set
until the used_time is reset.

their retry counters are not incremented When virtual colli
sions occur.

[0047] HoWever, even though, in a STA, high priority AC
can have a better chance to access the WM than loW priority
one, collisions often happen When there are a lot of trans

[0055] Admission control mechanism is very important
for protecting the existing multimedia traf?c from other

number of high priority traf?c, contentions betWeen ?oWs

real-time traf?c. HoWever, even if admission control is used
for multimedia traf?c, the traf?c can be disturbed by best
effort traf?c.

belonging to the same AC often occur and degrade through
put of real-time ?oWs.

First Embodiment

missions from other stations. Especially if there is a large

[0048] This phenomenon happens due to that the default
CW siZes for higher AC presented in “Wireless LAN

[0056] NoW, algorithm according to the ?rst embodiment

Medium Access Control (MAC) and Physical Layer (PHY)
Speci?cations: Medium Access Control (MAC) Quality of

parameters (i.e. CW siZes) in order to protect high priority
tra?ic is shoWn. First, an analytical throughput and delay

Service (QoS) Enhancements, IEEE Std. 802.11e/D12.0
(November 2004)” are too small for the netWork to accom

modate much high priority tra?ic. One solution to overcome
this problem is to set larger values as default ones. But,

larger CW makes larger channel access delay and reduces
ef?ciency of bandWidth utiliZation even in case Where the

netWork has little real-time traf?c. Therefore, CW siZes have
to be adaptively selected according to netWork conditions.

of the present invention to dynamically control EDCA

model under EDCA is shoWn, based on “An Admission
Control Strategy for Differentiated Services in IEEE 802.11

Wu-Kiang Kuo, Chi-Hung Lu, Eric Hsiao-Kuang, and Gen
Huey Chen, Globecom 2003, December 2003)” and “Per
formance analysis of the IEEE 802.11 distributed coordina
tion function (G. Bianchi, IEEE Journal of Selected Areas on
Communication Vol. 18, no. 3, pp. 785-799, December

2000)”.

[0049] The 802.11e supports admission control to protect
existing multimedia traf?c both under EDCA and HCCA.
NoW, admission control method under EDCA is described.

distinct QoS requirement. Using reneWal theory, throughput

[0050]

can be expressed as:

The AP uses ACM (admission control mandatory)

[0057]

It is assumed that a STA has K traf?c classes With

of a How in queue k(0§k§K-1) for one transmission cycle

?eld in the EDCA parameter-set to indicate Whether admis
sion control is required for each AC. If admission control is
needed for an AC, a STA has to send an ADDTS (add traf?c

m

(4)

stream) request frame to the AP. The ADDTS request
contains TSPEC (tra?‘ic speci?cation), such as mean data

rate, nominal MSUD siZe, delay bound and etc.
[0051]

When the AP receives an ADDTS request, it makes

a determination as Whether to accept or deny the request. If

it accepts the request, it calculates from information con

veyed in the request the amount of time for requested traf?c
to access the WM per one second, Which is called medium

time. Even though any algorithms can be used for deriving
medium time, a recommended procedure is presented in
“Wireless LAN Medium Access Control (MAC) and Physi

cal Layer (PHY) Speci?cations: Medium Access Control
(MAC) Quality of Service (QoS) Enhancements, IEEE Std.

802.11e/D12.0 (November 2004)”.
[0052] After calculating it, the AP sends to the STA and
ADDTS response frame, Which contains derived medium
time. On receipt of the response from the AP, the STA adds
medium time to a local variable, admitted_time, if the
request is admitted. It also has another local variable,

used_time. The used_time presents hoW long the STA has
accessed the WM. Using the admitted_time and the

[0058] 11k] is the average length of a frame in a class k.
E[Tk] denotes the average transmission cycle, Which con

sists of the average length of idle periods resulting from
backolf, some unsuccessful periods, (due to collision and
error), and a successful period. It is expressed as folloWs:
1TBi+ElS1J
(5)
In this equation, TBTi is the averaged backolf time of a How
in a class k, E[CNk] denotes the average number of colli
sions occurred in a class k, TSIFS shoWs the length of SIFS
period, TRTS and H presents time needed to transmit RTS
(Request to Send) and frame header, r is propagation delay,

and E[Sk] is expressed as shoWn in equation (6).

In equation (6), Lk is length of data frame, M denotes data
transmission rate, and TCTS and TACK are transmission time

of CTS and ACK, respectively. Using averaged backoif time
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in a class k, TB}, the probability that a How in a class k Will
transmit in a given time slot is:

TABLE 1
Default EDCA Parameters

[0059]

When assuming that there are n=(nO, n1, . . . , nK_l)

stations in each class, from equation (7), collision probabil
ity in a class k is calculated as

POM

[0065] Adaptation of CW siZes is done for protecting

TB} is expressed using the number of collisions involved in
a class k, CNk,

tra?ic in AC2 and AC3. When CW siZes in AC2 and AC3 are
updated, those in ACl and ACO are also updated to maintain
at least service dilferentiations de?ned in Table l.

[0066] HoWever, since default values of CWmaX[0] and
CWmaX[l] are set to aCWmaX, both of them are not updated.

°°

TFZWklmcA/k =1}

9

FIG. 3 and FIG. 4 shoW update policies When increasing

U

and decreasing CW siZes, respectively. For example, When

[:0

increasing CW siZes in AC3, if half of those in AC2 are

larger than the current ones in AC3, only CWmin[3] and
CWmaX[3] are increased. OtherWise, CWmin[2]$ CWrnax[2]$
CWmin[l] and CWmin[0] are also increased in addition to

[0060] The distribution of CNk is

ones in AC3.

pi, (12 1)
P{CN =1} =

k

(10)

[0067] Therefore, at least, service dilferentiations de?ned
in Table l are maintained. That is, for example, CWmin[3] is
expressed as

0°

1 — 2 pi. <1= 0)
0:1

[0061] Then, TB} is computed as
even When CW siZes in AC3 are increased. When decreasing
Tk =

(11)

CWmin[3] and CWmaX[3], CWmin[2], CWmaX[2], CWmin[l]
and CWmin[0] are also decreased if CW siZes in AC2 can be
decreased.

0:1

(2:1

[0068]

In case of increasing CW siZes in AC2, CWmin[l]

and CWmin[0] are also increased in addition to ones in AC2.

[0062]

If 0t is beyond the maximum backoif stage, mk, of

a class k, it is set to mk.

[0063] From equations (7) and (8), it is obviously
expected that collision probability becomes loW When the
siZe of backolf counter is large. As a result, throughput
increases. HoWever, too large backoff counter generates

large transmission delay and then throughput declines.
Therefore, selecting optimum CW siZe results in enhancing
throughput and maintaining transmission delay to a certain
extent.

[0064]

The service differentiation de?ned in the 802.1le is

that traf?c in higher AC can have a better opportunity to
access the medium than one in loWer AC. The policy of the

present invention completely folloWs the policy used in
802.1le even When CW is updated. That is, minimum and
maximum siZes of CW in an AC do not become smaller than

those in higher ACs. Table 1 shows default EDCA param
eters de?ned in 802.1le.

When decreasing them, if half of CWmin[2] is lager than

CWmin[3], CWmin[2], CWmaX[2], CWmin[0] and CWmin[0]
are decreased. When increasing CW siZes, they are not

beyond the maximum value. When decreasing them, they do
not become less than default values presented in Table l.

[0069] The proposed algorithm is implemented in AP and
adaptively controls CW siZes. If this algorithm assumes that
netWork is saturated, it is knoWn from equation (7) that if
CW siZe set in anAC is smaller than the number of admitted

?oWs, their transmissions alWays con?ict With others.
[0070] HoWever, in fact, Whether a STA is ready to trans
mit a frame in a given time depends on packet arrival rates
from upper layer. Even if the number of admitted ?oWs is
large, they can accept small CW siZe if their data rates are
loW. Therefore the algorithm takes care about Whether a STA
transmitting an admitted How has frames in its transmission
queue.
[0071] In 802.1le, the AP can knoW queue siZe of an
admitted ?oW from QoS control ?eld in MAC header. When
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a STA transmits a data frame, it sets its queue size in QoS

[0079] Here, the algorithm in the ?rst phase is presented.

control ?eld in MAC header. In the proposed algorithm, the
AP records the queue siZe upon receiving data frames from
admitted ?oWs. Before beacon transmission, the AP counts
the number of STAs Whose queue siZe is larger than Zero,
and runs the proposed algorithm to calculate optimum CW

Collision probability is very related to the number of STAs,
Which are ready to transmit frames, and CW siZes. There
fore, taking into accout these tWo parameters, the algorithm

siZes. Decided CW siZes are contained in a beacon frame and

then transmitted. Furthermore, the algorithm takes care
about hoW long admitted ?oWs have transmission delay if
CW siZes are increased. If CW siZes become large, it may
take long time for a How to access the WM. Therefore, the

algorithm estimates transmission delay of all admitted ?oWs
before it increases CW siZes, and if all estimated delay is
loWer than delay bound reported by TSPEC in ADDTS
request, the AP can increase CW siZes.

[0072] To estimate transmission delay, the AP monitors
hoW many collisions happened for admitted ?oWs in AC2
and AC3 and stores those as running-average values (eg

moving average). By using the averaged number of colli
sions and Eq. (5), transmission delay is estimated. In gen
eral, if CW siZes are increased, collision probability

makes a decision of Whether CW siZes in AC3 are updated.
Since CW siZes are adapted in order to reduce collisions
betWeen real-time traf?c, it takes care about the number of
STAs Which are ready to transmit real-time frames, ie the
sum of n3 and n2, as a key to update CW siZes in AC3.
Besides it also focuses on the value of CWmin[3] because the

value is de?nitely used in the initial backolf and if the value
is small, collisions betWeen real-time traf?c in the AC often
occur. Moreover, the average value of backolf counter of

CWmin[3] is basically treated as the half of CWmin[3].
[0080] Hence the algorithm compares the half of CWmin
[3] With the sum of n3 and n2. If it is smaller than the sum
of n3 and n2, CW siZes in AC3 are increased to reduce
collisions betWeen real-time traf?c. When they are
increased, CW siZes in other ACs may have to be increased
in order to maintain the service differentiation. In this case,

the half of CWmin[2] is compared With CWmin[3] since CW

decreases. But, the averaged number of collisions happened

siZes in AC3 must not be equal to or beyond CW siZes in

in the current CW siZes is used even if transmission delay

AC2. If the half of CWmin[2] is larger than CWmin[3], only
CWmin[3] and CWmaX[3] are increased by double. Other
Wise CWmin[2], CWmaX[2], CWmin[l] and CWmin[0] are
increased by double in addition to CWmin[3] and CWmaX[3].
On the other hand, When comparing the half of CWmin[3]

using increased CW siZes is estimated.

[0073] The algorithm has tWo phases. FloW charts in 1st
and 2D01 phases are shoWn in FIG. 5 and FIG. 6, respectively.
It assumes that the number of ?oWs Whose queue siZe is
larger than Zero is nk for AC2 and AC3 (k=2 or 3), and the
AP has already accepted gk ?oWs in ACk. In FIG. 5 and FIG.

6, estimated delay and delay bound of How i(0§i§ gk) in AC
k are expressed as estimated_delayi,k and delay_boundi,k,

respectively.
[0074] Before beacon transmissions, the algorithm pre
sented in 1st phase is considered. If CW siZes in AC2 are

updated in 1st phase, algorithm presented in 2”“1 phase is,
next, processed.
Second Embodiment

[0075] It should be Well noted that the above mentioned
algorithm in Which the estimated transmission delay is taken

into consideration is not alWays applied and the original
algorithm Without the transmission delay factors can be
applied in accordance With tra?ic conditions.

[0076] In the beloW, algorithm according to the second
embodiment Will be described. Algorithms in ?rst and
second phases are described in FIG. 7 and FIG. 8, respec

tively.
[0077] As similar to the algorithm presented in the ?rst
embodiment, the AP records the queue siZe upon receiving
data frames from admitted ?oWs. Before beacon transmis
sion, the AP counts the number of STAs Whose queue siZe
is larger than Zero, and runs the proposed algorithm to

calculate optimum CW siZes.

[0078] Before beacon transmissions, the algorithm pre
sented in 1st phase is ?rst considered. The ?rst phase deals
With Whether CW siZes in AC3 are increased or decreased.

When they are increased or decreased, CW siZes in other
ACs may be gained or reduced to maintain service differ
entiation de?ned as a default EDCA parameter-set. Only
When CW siZes in AC2 are not changed in the ?rst phase, the

algorithm presented in the second phase is next considered.

With the sum of n3 and n2, if the half of CWmin[3] is larger
than the sum of n3 and n2, CW siZes in AC3 Will be possibly
decreased because smaller CW siZes in AC3 may be accept
able for admitted real -time ?oWs. To determine Whether they
can be reduced, (CWmin[3]+l)/(2*2) is compared With the
sum of n3 and n2 since the half of the current CWmin[3] Will
be the value of CWmin[3] if CW siZes in AC3 can be
decreased. In case Where (CWmin[3]+l)/(2*2) is larger than
the sum of n3 and n2, CW siZes in AC3 can be reduced.

When reducing CW siZes in AC3 by half, those in other ACs
Will be able to be decreased. The number of admitted ?oWs
in AC2 is a key to decide it. If no admitted ?oW exists in

AC2, CWmin[2], CWmaX[2], CWmin[1] and CWmin[0] are
decreased by half in addition to CWmin[3] and CWmaX[3].
OtherWise, only CWmin[3] and CWmaX[3] are decreased by
half.
[0081]

If CW siZes in AC2 are not updated in 1st phase,

the algorithm presented in 2nd phase is next processed. As
similar to the algorithm presented in the 1st phase, the 2nd
phase algorithm considers Whether CW siZes in AC2 are
increased or decreased, taking into account the number of
STAs Which are ready to transmit realtime traf?c and the half

of CWmin[2]. Hence, the half of CWmin[2] is ?rst compared
With the sum of n3 and n2. If it is smaller than the sum of
n3 and n2, CW siZes in AC2 has to be increased to reduce

collisions betWeen real-time ?oWs, and as explained in the

previous subsection, CWmin[l] and CWmin[0] are accord
ingly increased to maintain the service differentiation. Oth
erWise they Will be possibly decreased. To decide Whether
they are reduced, the algorithm considers Whether the half of
the current CWmin[2] is acceptable for real-time ?oWs
because it Will be the value of CWmin[2] if CW siZes in AC2
can be decreased. Therefore (CWmin[2]+l)/(2*2) is ?rst
compared With the sum of n3 and n2. If (CWmin[2]+l)/(2*2)
is larger than the sum of n3 and n2, CW siZes in AC2 Will
be possibly decreased. And then, the relation betWeen
CWmin[2] and CWmin[3] is next considered. If the half of
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CWmin[2] is equal to CWmin[3], CWmin[2] cannot be
decreased because CW sizes in AC2 must not be equal to and
smaller than those in AC3. In case Where the half of

CWmin[2] is larger than CWmin[3], CWmaX[2], CWmaX[2],
CWmin[l] and CWmin[0] are decreased by half.
[0082] The proposed algorithm Was implemented and the
performance of multimedia ?oWs With different channel
loads Was evaluated. NoW, the proposed algorithm (referred

[0090] EDCA cannot maintain throughput of voice and
video ?oWs When traf?c load increases. On the other hand,

AdapCW can improve throughput degradation of real-time
tra?ic, compared to EDCA. FIG. 11 and FIG. 12 present
delay of voice and video tra?ic. We see that AdapCW can
maintain delay to a certain extent.

[0091]

From these results, it can be realiZed that default

CW siZes for real-time traf?c are too small to accept many

as to AdapCW) for dynamic adaptation of CW siZes is
evaluated, comparing With 802.11e EDCA (referred as to

?oWs under EDCA and they should be changed according to
netWork conditions. In fact, the proposed AdapCW cares

EDCA).

about STA’s transmission queue siZe for real-time traf?c and
adaptively control CW siZes in order to reduce collisions

[0083] Both of them use admission control presented in
“Wireless LAN Medium Access Control (MAC) and Physi

cal Layer (PHY) Speci?cations: Medium Access Control
(MAC) Quality of Service (QoS) Enhancements, IEEE Std.

802.11e/D12.0 (November 2004)”.
[0084]

The relation betWeen throughput or delay and the

number of STAs are used to evaluate the invention. It is

assumed that AP and STAs operate With IEEE 802.11a
presented in “Wireless LAN Medium Access Control

betWeen real-time ?oWs. As a result, it can accept more

real-time ?oWs than EDCA.

[0092] Although this embodiment can achieve service
differentiation using different siZes of CW, those default
values given in 802.11e fully cannot meet requirements of
real-time traf?c.

[0093] The presented invention provides a method to
adaptively control CW siZes in order to enhance throughput

(MAC) and Physical Layer (PHY) Speci?cations: high

of real-time tra?ic even When an AP accept large number of

speed physical layer in the 5 GHZ band, IEEE Std. 802.11a

real-time traf?c. Through computer simulations it could be
realiZed that the proposed method could support QoS and
accommodate larger number of real-time traf?c compared to

1999”.

[0085] Physical data rate and basic rate are set to 12 Mbps
and 6 Mbps, respectively. The beacon interval is set to 100
ms. Transmission queue siZe for each AC is set to 50. For

each AC, it is set the folloWing parameters: CWmaX[0]=

1023, CWmin[0]=15; CWmaX[1]=1023, CWmin[1]=15;
CWmaX[2]=15, CWmin[2]=7; CWmaX[3]=7, CWmin[3]=3;
AIFSN[0]=7, AIFSN[1]=3, AIFSN[2]=2, AIFSN[3]=2.
[0086] Each voice How is 83.2 Kbps, Which is generated
by a constant interval, 20 ms and has a ?xed payload siZe of

208 bytes. This How corresponds to G.71l-coded VoIP
presented in “Protection and Guarantee for Voice and Video
Traf?c in IEEE 802.11e Wireless LANs (Yang Xiao,

HaiZhon Li, and SunghyunChoi, INFOCOM2004, March
2004)”. Each video How is 256 Kbps, Which is generated by
a constant interval, 20 ms and has a ?xed payload siZe of 640

bytes.
[0087]

[0094] In the above embodiments, admission control
mechanisms and just used admission control method pre
sented in “Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) Speci?cations: Medium Access
Control (MAC) Quality of Service (QoS) Enhancements,
IEEE Std. 802.11e/D12.0 (November 2004)” Was not evalu

ated. HoWever, they most likely in?uence performance
measures, such as throughput or delay.

[0095] In the aforementioned embodiments, the Wireless
LAN access point (AP) is accessed by a plurality of Wireless
LAN stations (STA) under EDCA.
1. A communication method for a Wireless medium under

Carrier Sense Multiple Access With Collision Avoidance
The above simulations Were performed to evaluate

AdapCW compared to EDCA. Since the AdapCW focuses
on reducing collisions betWeen high priority ?oWs, voice
and video traffic are used for evaluating it. First, only VoIP
scenario (Scenariol) is considered. FIG. 7 and FIG. 8

present comparisons of throughput and delay betWeen
AdapCW and EDCA.
[0088]

EDCA.

When the number of ?oWs increases, contentions

betWeen voice ?oWs often occur. The default CW siZe for
voice How is too small to accept many voice ?oWs due to

frequent collisions. On the other hand, since AdapCW can
increase CW siZes for voice traf?c When considering bulfer
information transmitted in data frame, it can reduce collision
and accept more voice ?oWs than EDCA.

[0089] As for delay comparison in FIG. 10, it can be

realiZed that frequent collisions generate large delay in
EDCA and AdapCW decreases collision probability and
maintains loW delay.

(CSMA/CA) characterized by adaptively updating a siZe of
contention WindoWs (CWs) in access categories (ACs) of the
Wireless medium in accordance With real-time traf?c con
ditions.
2. The communication method set forth in claim 1,

Wherein said method is applied to under Differential Chan
nel Access (DCA) that is de?ned to support Quality of

Service (QoS); the DCA including Enhanced Distributed
Channel Access (EDCA).
3. The communication method set forth in claim 1,
Wherein default values of minimum and maximum siZes
(CWmin, CWmaX) of the CWs in each ACs are set, When the
Wireless medium is turned on.

4. The communication method set forth in claim 3,
Wherein the default values are adaptively updated in accor
dance With the number of packets in each ACs.
5. A communication method for accessing betWeen

WLAN (Wireless LAN) devices and WLAN STAs (Sta
tions) by adaptively updating minimum and maximum siZes
(CWmin, CWmaX) of contention WindoWs (CWs) in access
categories (ACs) under Enhanced Distributed Channel

Next, a scenario Where each STA has voice and video traf?c
(Scenario2) is considered. FIG. 11 and FIG. 12 shoW

Access (EDCA) in accordance With real-time tra?ic condi

throughput of voice tra?ic and video traf?c, respectively.

tions, comprising steps of:
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i) setting default values for CWmin[k] and CWmaX[k] in

and only CWmin[3 ] and CWmax[3 ] are decreased if CW siZes

each AC[k], Where k is an integer in a range of 0§k§3,

in AC[2] can not be decreased.
11. The communication method set forth in claim 5,

When WLAN devices are turned on;

ii) counting the number of STAs having real-time ?oWs
Whose transmission buffer is greater than Zero;

Wherein in case of decreasing CW siZes in AC[2], CWmin[2],
CWmaX[2], CWmin[l] and CWmin[0] are decreased When
CWmin[2]/2>CWmin[3] is satis?ed and no CW siZes are

iii) determining Whether each siZe of CWs is necessary to
be updated in accordance With the number of packets;
and

Wherein the decreased CW siZes are not beloW the default

iv) adaptively updating the siZe for each CWs When

values of CWmin[k].

determined to be necessary and remaining the siZe for
each CWs unchanged When determined to be unnec
essary.

6. A communication method for accessing betWeen

WLAN (Wireless LAN) devices and WLAN STAs (Sta
tions) by adaptively updating minimum and maximum siZes
(CWmin, CWmaX) of contention WindoWs (CWs) in access
categories (ACs) under Enhanced Distributed Channel
Access (EDCA) in accordance With real-time traffic condi

tions, comprising steps of:
i) setting default values for CWmin[k] and CWmaX[k] in
each AC[k], Where k is an integer in a range of 0§k§3,
When WLAN devices are turned on;

ii) counting the number of STAs having real-time ?oWs
Whose transmission buffer is greater than Zero;

iii) determining Whether each siZe of CWs is to be updated
in accordance With an estimated transmission delay of
all admitted traf?cs betWeen the WLAN devices and the

WLAN STAs; and

iv) adaptively updating the siZe for each CWs When
determined to be necessary and remaining the siZe for
each CWs unchanged When determined to be unnec
essary.
7. The communication method set forth in claim 5,

Wherein in case of increasing CW siZes in AC[3], only
CWmin[3] and CWmaX[3] are increased When CWmin[2]/

2>CWmin[3] is satis?ed and CWmin[3], CWmaX[3], CWmin
[2], CWmaX[2], CWmin[l] and CWmin[0] are increased When
CWmin[2]/2>CWmin[3] is not satis?ed.
8. The communication method set forth in claim 5,

Wherein in case of increasing CW siZes in AC[2], CWmin[2],

CWmaX[2], CWmin[l] and CWmin[0] are increased.
9. The communication method set forth in claim 7,

Wherein CWmaX[l] and CWmaX[0] are not updated because
their default values are set as a maximum value.

10. The communication method set forth in claim 5,

Wherein in case of decreasing CW siZes in AC[3], CWmin[3],

decreased When CWmin[2]/2>CWmin[3] is not satis?ed.
12. The communication method set forth in claim 10,

13. A Wireless communication device operable under
Carrier Sense Multiple Access With Collision Avoidance

(CSMA/CA), comprising:
i) means for setting default siZe values for contention
WindoWs (CWs) in each access categories (ACs) When
WLAN devices are turned on;

ii) means for adaptively updating the default siZe values
in accordance With the number of packets in each ACs.
14. The communication method set forth in claim 13,
Wherein said method is applied to under Differential Chan
nel Access (DCA) that is de?ned to support Quality of

Service (QoS); the DCA including Enhanced Distributed
Channel Access (EDCA).
15. A communication system for accessing betWeen
WLAN (Wireless LAN) devices and WLAN STAs (Sta

tions) by adaptively updating minimum and maximum siZes
(CWmin, CWmaX) of contention WindoWs (CWs) in access
categories (ACs) under Enhanced Distributed Channel

Access (EDCA), comprising:
i) means for setting default values for CWmin[k] and
CWmaX[k] in each AC[k], Where k is an integer in a
range of 0§k§3 When WLAN devices are turned on;

ii) means for examining ACs to search a number of

packets therein;
iii) means for determining Whether each siZe of CWs is
necessary to be updated in accordance With the number
of STAs having real-time ?oWs Whose transmission
buffer is greater than Zero; and

iv) means for adaptively updating the siZe for each CWs
When determined to be necessary and remaining the
siZe for each CWs unchanged When determined to be
unnecessary.
16. The communication method set forth in claim 15,
Wherein said method is applied to under Differential Chan

nel Access (DCA) that is de?ned to support Quality of
Service (QoS); the DCA including Enhanced Distributed
Channel Access (EDCA).

CWmaX[3], CWmin[2], CWmaX[2], CWmin[l] and CWmin[0]
are decreased if CW siZes in AC[2] can be also decreased

*

*

*

*

*

