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TWO-TIER CALL ADMISSION CONTROL
METHOD IN IEEE 802.11 WLAN

FIELD OF THE INVENTION

The present invention relates to a two-tier call admission
control algorithm and in particular relates to a two-tier call
admission control algorithm for IEEE 802.11 WLAN.

BACKGROUND OF THE INVENTION AND
PRIOR ART

For the recent years, because the population using the
wireless broadband is growing in each day, the ability to
constantly maintain the quality of the service of various data
transmissions (for example, voice, data or multimedia) in a
consistent level becomes much more important. In order to
fulfill this requirement, integration of various different kinds
ofthe wireless communication systems has gradually become
the contemporary technology developing trend. Among the
numerous integration techniques, IEEE 802.1 WAN (Wire-
less Area Network), which utilizes a modulation method
known as the orthogonal frequency division multiplex
(OFDM) and therefore provides a very high transmission rate
(6 Mbps~54 Mbps), has been widely adopted as one of the
integration systems. However, because the covering region is
very limited, IEEE 802.11 WLAN is usually installed in
places having more users, such as offices, campuses or aero-
dromes. Additionally, the major drawback existing in the
IEEE 802.11 WLAN is that, if the user is in motion even with
a small amount of speed, the transmission performance of the
system will be substantially degraded.

In U.S. Pat. No. 6,216,006, a method for admission control
for wireless data networks was disclosed, in which a value
prescribed by the user has to be set in advance and the per-
formance of the bandwidth estimator is easily influenced by
this value; however, it is not possible to obtain an optimal
value in order to conform with the network load and network
status.

In U.S. Pat. No. 6,377,549, a method for call admission
control system for wireless ATM (asynchronous transfer
mode) networks was disclosed, in which said method does
not consider the change of SINR (Signal-to-Interference &
Noise Ratio) in the mobile end and therefore a very harmful
effect is induced with respect to the mobile transmission rate.

In APCC/MDMC’04 (The Tenth Asia-Pacific Conference
on Communications and the 5th International Symposium on
Multi-Dimensional Mobile Communications, 2004), Wing
Fai Fan, Deyun Gao, Danny H. K. Tsang, and Brahim Ben-
saou disclosed a method for admission control for variable bit
rate communication traffic in IEEE 802.11e WLANSs, in
which the control strategy is overly complicated for the com-
putation of TXOP (Transmission Opportunity) effect and
therefore, even if the complicated computation could be over-
come, it still has the problem that the reliability is relatively
low for not considering the condition of the physical layer.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide a two-
tier call admission control algorithm for IEEE 802.11
WLAN, which can be used to improve the transmission
throughput of the overall system, while guarantees the quality
of service for every single user.

In accordance with the above-mentioned objective, the
physical layer and media access control layer of IEEE 802.11
WLANs are analyzed, and the maximum transmission
throughput that can be achieved by every different mode of
IEEE 802.11 WLANs in different frequency channels is
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2

investigated, in the meantime Markov chains are used to
derive the mathematical model for the automatic adjustment
algorithm of the connection rate. The present invention pro-
poses amethod for atwo-tier call admission control algorithm
for IEEE 802.11 WLAN, in which the two-tier call admission
control algorithm is used to admit of the provision of the
service request where high quality of service is a key factor.
The algorithm consists of the following step: to have a single
user and the overall system corresponding respectively to a
first layer testing and a second layer testing,

Because the present invention adopts a two-tier method to
process the user and the system algorithm, it is therefore able
to improve the transmission throughput, and the quality of
service of every single user can be guaranteed.

In order to make the above-mentioned and other objectives,
characteristics, and advantages of the present invention
become more apparent, preferred embodiments of the present
invention are subsequently described in detail by referring to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are subse-
quently described by referring to the accompanied drawings,
where the same number indicates the same component.

FIG. 1 depicts a flowchart for a two-tier call admission
control algorithm for IEEE 802.11 WLAN of a preferred
embodiment of the present invention.

FIG. 2A depicts an operational diagram of the AARF’s
Markov chain for a preferred embodiment of the present
invention.

FIG. 2B depicts an operational diagram of the AARF’s
Markov chain for a preferred embodiment of the present
invention.

FIG. 2C depicts an operational diagram of the AARF’s
Markov chain for a preferred embodiment of the present
invention.

FIG. 3 shows a parametric operational diagram for a pre-
ferred embodiment of the present invention.

S101~S117 Steps

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention are subse-
quently described by referring to the accompanying draw-
ings, where the same number indicates the same component.

FIG. 1 depicts a flowchart for a two-tier call admission
control algorithm for IEEE 802.11 WLAN of a preferred
embodiment of the present invention. In this figure, two inde-
pendent viewpoints will be adopted to analyze the call admis-
sion control problem. First, from the perspective of a single
user, because the channel status of the station platform is not
always suitable for WLAN system, the station platform has to
be partly tested with respect to the channel response, and the
connection capacity for WLAN needs to be tested. Firstly, in
the step S101, the MAC (Media Access Control) layer and the
PHY (Physical) layer are measured and tested, which also
corresponds to the first tier of the inventive algorithm. In the
step S103, on the one hand, if it is suitable for WLANS, then
go to Step S105 and determine whether it is a real-time
communication throughput; on the other hand, if it is not
suitable for WLANs, then go to Step S107 and get into
another system.

Then, from the perspective of the overall system, in other
words, the viewpoint corresponding to the second tier of the
inventive algorithm, because different MAC algorithms are
designed in order to adjust variation characteristics of differ-
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ent throughputs, therefore in the steps S109 and S111, they
are necessary to possess independent call admission control
units, respectively. In the preferred embodiment of the
present invention, the throughput is categorized as a real-time
communication throughput and a non-real-time communica-
tion throughput, so that, in Step S113 and Step S115, they are
respectively having a matrix to decide if the required station
platform has been accepted.

In the step S109, a call admission control algorithm for
real-time communication throughput based on the buffer time
is introduced. In this algorithm, another related concept,
namely the three dimensional AARF Markov chain, is also
proposed.

Rate adjustment is a process in which the transmission rate
is dynamically switched in order to conform with the status of
the variation channel, and the transmission rate of the station
platform is adjusted so as to achieve an optimal communica-
tion throughput under a given channel status. AARF (Adap-
tive Auto Rate Fallback) is an adaptive rate algorithm, which
utilizes an exponentially increasing threshold value to pro-
cess the rate. Here the threshold value is used to determine
when the present rate should be increased; however, this
threshold value is not a fixed value. In AARF, for example,
this threshold can be 10, 20, 40 and 50 (maximum bound).
The AARF can be processed as follows: At first, when the
transmission of the probing packet fails, not only the rate is
switched to a previous value with a lower rate, but also make
the threshold value multiply by two (the maximum bound is
still setat 50, nevertheless). Additionally, when two consecu-
tive transmissions fail, which in turn result in the reduction of
the transmission rate, or the transmission of the probing
packet succeeds, then the threshold value is reset to its initial
value 10.

The Markov chain of this AARF is of three-dimensional
type. FIGS. 2A to 2C depict the operational diagrams of the
Markov chain of the AARF in the preferred embodiment of
the present invention. P denotes that the station platform has
completed 10 consecutive transmissions and is just going to
transmit the parameters of the probing packet. D denotes the
parameters concerned with the transmission rate which has
been reduced because of two consecutive transmission fail-
ures. The solid lines and the dash lines represent successful
packet transmissions and failed packet transmission, respec-
tively. When the Markov chain of the AARF is used, the
probability of each state being in a steady state can be com-
puted definitely, and the state probability can then be used to
calculate the probability (P, ) of transmission decrease and
the probability (P,,) of transmission increase in each mode
under different SNR values. While designing the call admis-
sion control algorithm for the real-time throughput, these two
probability parameters will be playing an crucial role. The
related computations of the parameters please refer to the
following equations:

Pdownm =Pm~-1|m)
_ Pm- 1MNm)
T Pm)
Ty-1
Z Hm, k, d) +blm, D, d)

k=1

+

>

Pi(m, SNR) %
d=1

Pg(m, SNR)X [b(m, p, d)+ b(m, 0, d)]
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4
-continued
Py, = Plm+1|m)
_ Pm+1\m)
B P(m)

P(m, SNR)x b(m, P, d) +

4 | Plt g, SNRYx [bm, D, d) + bim, 0, d)] +
; Tdfl
> (P (. SNR) X blm, K, )
k=1

4 Ty-1
Z Z bim, k, d) + bm, P, d) + bim, D, d)}

d=1 | k=0

where m presents the present mode of the station platform, b
is the state probability, P, represents the probability of the
successtul transmission of the packet, P represents the prob-
ability of the failed transmission of the packet, d is the relative
three-dimension value, and T , is the related threshold value.

Each TXOP (Transmission Opportunity) is a variable
value, which lies in a period between two points of a station
platform and also in a variable state. In order to realize the
delay bound (DB) requirement of each communication
throughput, the adaptive buffer time (BT) is introduced to
compensate for the variation of each TXOP. Some of the
related parameters are defined as follows. FIG. 3 shows a
parameter operation diagram of the preferred embodiment of
the present invention. In the meantime, please also refer to
FIG. 3. a service interval (SI) is defined by the following
equation:

SI=min(DB;), Vi

where Sl is set equal to the minimum delay bound (DB) of the
communication throughput; the total sum parameter G of
each TXOP is defined by the following equation:

k
G:Z T X OPi
i=1

where G represents the overall sum of time of all the platform
stations in the SI period. Buffer time (BT) is defined as in the
following equation:

X6, +A

k
BT = Z N XLy X (Paounspy % Scowni g = Pay
=1

i)

where N and L represent two communication parameters. As
described above, BT also denotes a time interval, which is
used to compensate for the variation of TXOP in each station
platform. The rate adaptive technique AARF can be used to
continuously track the channel status so as to achieve a maxi-
mal effective processing amount. For each station platform
under an SNR value, each respectively has a related down
transmission probability value and a related up transmission
probability value. When the mode is increasing or decreasing,
time difference will appear even if the amount of data is fixed.
The time differences that are applicable to IEEE 802.11a are
listed in the following table:
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where §,,,,,,, denotes one bit’s time difference when the mode
is decreasing, 8,,, denotes one bit’s time difference when the
mode is increasing, and A denotes the uncertain characteris-
tics in compensating each communication throughput, in par-
ticular, a variable bit traffic (VBR) throughput. Although the
throughput specification (TSPEC) provides a partial through-
put statistics [for example, user priority, maximal MAC ser-
vice dataunit (MSDU), and average data rate|, VBR through-
put usually does not actually obey this characteristics. Hence,
in the calculation of BT, A will be added in order to preserve
some extra periodical time and therefore this unstable char-
acteristic can be balanced. Summarizing the above descrip-
tion of the parameters, BT can be used to adjust the time
variation induced by the rate adjustment and packet size
variation, and the inter-arriving time variations of the packets.
Deadline is defined in the following equation:

Deadline=SI-BT.

Deadline denotes a bound that is set to detect whether the
system is still having the capability to compensate for each
TXOP extension. Ifthe overall sum G of each TXOP exceeds
Deadline, it means that G may be exceeding SI (SI denotes the
minimal delay bound) in the next SI interval. The present
invention can be used to resolve the drawback that the packet
decrease is intended to occur indicating that the system per-
formance is going to degrade, which is hereafter to be
described in detail. It is noted that, in the beginning of each S1
interval, P, and P, , must be updated in accordance with
the previous SNR of each station platform. Furthermore, the
buffer time BT has to be updated to a new value. While G is
larger than Deadline, it indicates that, in the next period, G is
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6

having a certain probability to exceed ST because of the reduc-
tion of the transmission rate, which will result in the decrease
of the packet. In addition to the parameters described above,
a counting value n will be further introduced. If the overall
sum (G) of each TXOP is larger than Deadline, n should be
added by 1 automatically. Another parameter is further intro-
duced. Rejection Density (RD) is defined as n divided by the
observation interval (in seconds), which represents that bud-
gets violate (G is larger than Deadline) the density in a certain
time interval. If RD is larger than a prescribed value N, .,
input throughput will be rejected. This is designed for the
purpose of preventing the SNR (signal-to-noise ratio) of the
station platform from sudden change. In this algorithm, RD
shares the same concept and further extends it functionality so
as to adapt to different requirements of packet loss rates
(PLR). Obviously, if the PLR requirement is relaxed, then
N,.,...can be set at a larger value so that a larger rejection rate
is allowable, and vice versa. Briefly, the criterion being used
to determine if a new communication throughput should be
rejected is defined by the following equation:

(G>Deadline) (RD>N,;,..,)

To summarize the above description, in the present invention,
because a two-tier method is adopted to process the user
algorithm and the system algorithm, respectively, it is able to
improve the throughput of the overall system, while guaran-
tees every single user’s quality of service.

Although the present invention is disclosed in the preferred
embodiments described above, the inventive idea should not
be limited only to those. It will be understood by those skilled
in the art that various other changes in the form and details
may be made without departing from the spirit and scope of
the present invention. It is to be understood that various
changes may be made in adapting to different embodiments
without departing from the broader concepts disclosed herein
and comprehended by the claims that follow.

The invention claimed is:

1. A two-tier call admission control method in an IEEE
802.11 WLAN, used to admit of provision of high quality of
service, comprising the following steps:

having a single user and an overall system correspond

respectively to a first layer testing and a second layer
testing;
controlling a measurement of a physical layer and a testing
of the physical layer to serve as the first layer testing;

allowing a plurality of station platforms that only pass the
first layer testing to initiate an associated request to the
overall system, and then get into the second layer test-
ing; and

introducing a buffer time into the second layer testing in

order to compensate for a TXOPs (Transmission Oppor-
tunity) variation of the station platforms induced by
status change of the physical layer wherein the method
further comprising a parameter G, which denotes the
sum of each of the TXOPS and is defined by:

k
G:Z TxOP,,
i=1

where k and 1 are integers;

and a parameter SI (service interval) which is defined by
SI=min (DB,), Vi, where DB denotes a delay bound ofa
communication throughput, and i is an integer.
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2. The two-tier call admission control method in accor-

dance with claim 1, wherein a transmission probability
between different modes, which is served as a parameter in
calculation of a buffer timer the buffer time, is defined by a
three-dimensional Adaptive Auto Rate Fallback (AARF)
Markov chain described by the following equations:

Pm-1MNm)
Pdownm =Pm-1|m)= W =
Tyl
Phm, SNRYX | 3" blm, k. d) + blm, D, )| +
k=1

P

'y, = Pm+ 1| m)=

Pg(m, SNRYX [b(m, p, d) + b(m, 0, d)]

4
T,

Z {Zd b(m, k, d) + b(m, P, d) + b(m, D, d)}
£=0

d=1

Pm+1\m) _
Pm)

o [ PRn, SNRYxbim, P, d) + Pl (m, SNR)X [bam, D, d)

] I
| b, O )]+ (Pl O, SNRYX blom, K, )
k=1

4

Ty-1
E { > bim,k,d)+bm, P, d)+b(m, D, d)}
k=0

d=1

where m denotes a present mode of the station platform, b
is a state probability, P, represents a probability of a
successful transmission of a packet, P represents a prob-
ability of a failed transmission of a packet, d denotes a
relative three-dimension value, P, represents a prob-
ability of transmission decrease, P,,, represents a prob-
ability of transmission increase, P denotes that the sta-
tion platform has completed 10 consecutive
transmissions and is just going to transmit a plurality of
parameters of a probing packet, SNR represents a signal-
to-noise ratio of the station platform from sudden

8

change, D denotes a plurality of parameters concerned
witha transmissionrate, and T , and k are related thresh-
old values.

3. The two-tier call admission control method in accor-

5 dance with claim 1, further comprising a parameter BT
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(buffer time), which is defined by the following equation:

k
BT = 3" Ny XLiX (Piour , X toums , = Papy % 0upy )+ A
=1

where d,,,,,, denotes one bit’s time difference whenamode
is decreasing, 9, , denotes one bit’s time difference when
amode is increasing, and A denotes uncertain character-
istics in compensating each communication throughput,
kandiare integers, N, L are two communication param-
eters, P, represents a probability of transmission
decrease, P, represents a probability of transmission
increase and m denotes a present mode of the station
platform.

4. The two-tier call admission control method in accor-

dance with claim 1, further comprising a parameter deadline,
which is defined via the following equation:

Deadline=SI-BT,

where SI represents the service interval and BT represents
the buffer time.
5. The two-tier call admission control method in accor-

dance with claim 1, further comprising a decision criterion,
which is defined via the following equation:

(G>Deadline)(RD>N,_.....),

2

where RD denotes a rejection density, N, denotes a
prescribed value, G represents the overall sum of time of
all the platform stations in the SI period and Deadline
denotes a bound that is set to detect whether the system
is still having a capability to compensate for each trans-
mission opportunity (TXOP) extension, if the equation
holds, then the overall system rejects any new request for
connection, if the equation does not hold, then the over-
all system consents to new associated requests.
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