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Abstract

This project proposes an enhanced through guarantee mechanism with
differential service for MAC layer of IEEE 802.11 Wireless LANs. With the
mechanism, we can provide guaranteed throughput by evaluating and designing the
suitable parameters for enhanced stations.  With the use of enhanced mechanism, the
service of control will be fully distributed and differentiated services will be achieved
by minimizing migration effort on current standard. The performance of proposed
mechanism has been evaluated by simulation. Simulation results show that the
mechanism behaves well in present network architecture.
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In wireless communication, because of the variant environment of wireless media,
the impact of packet collisions, hidden terminals, fading, and interference lends itself
harder to provide service assurances rather than deterministic ones. There are two
principal approaches to support better than best-effort services for Internet-based
services in a future wireless network. One is Integrated Services, and the other is
Differentiated Services (DiffServ). The first approach begins with the conventional
circuit switched paradigm and extends it with datagram services. Another increasingly
popular approach is based on an important Internet design principle that only minimal
control and signaling is viable, since only simple mechanisms can accommodate the
variety of applications in the Internet. The Differentiated Services architecture is to
span instead of end-to-end path such as from a server to a mobile user, thus the
wireless hop has to be compatible with the Differentiated Services model as well.
These approaches enable the fast installation of simple wireless access networks, with
minimum management and maintenance costs. Similar distributed algorithms are



analyzed and compared in [1]. Each of these components performs well and can be
implemented in a fully distributed manner, without the need for a centralized
controller. Service differentiation is based on the IEEE 802.11 DCF. Support better
than best-effort service over a shared wireless network with distributed control
algorithms.

Many authors investigated the enhancement of the IEEE 802.11 DCF MAC
protocol to increase the performance. Branchi presented an analytical model in [2] for
throughput analysis, where the relationship between throughput and station number
was considered. In [3], service differentiation will be achieved by analyzing a smple
Markov model. A method of dynamically estimating the optimized contention
window size for throughput maximization is presented in [4]. In [5] and [6], Virtual
MAC and Virtual Source mechanism are introduced. Virtuad MAC mechanism
monitors the capability of the radio channel. Virtual Source mechanism utilizes
VMAC to estimate application level service quality. In [7], a throughput guaranteed
mechanism is introduced. Finally, the use of black burst mechanism is discussed in
[8], [9] and [10].

We propose and evaluate our enhanced algorithm for providing throughput
guarantee in the IEEE 802.11 DCF network. IEEE 802.11 DCF network is fair with
transmit opportunity, and each station will get channel with the same probability. Asa
result of fair opportunity, the original IEEE 802.11 DCF stations will transmit packet
with best effort. At first, we want the agorithm can perform well when joining an
original IEEE 802.11 network. That is, we must achieve backward compatibility if not
al of the stations perform the mechanism. Figure 1 shows an example of enhanced
guaranteed agorithm in our project. After the end of a previous transmission, the
enhanced stations will compete with different length of black burst if the transmission
rates are under the guaranteed bandwidth. These stations will access wireless media
first. Best effort stations and enhanced stations which achieve guaranteed bandwidth
will use the backoff mechanism in IEEE 802.11 standard. With the choice of IEEE
802.11 backoff mechanism, our architecture provides backward compatibility. Note
that enhanced stations which transmit black burst will wait for DIFS the same as DCF
mode. This property makes sure that the PCF mode will get the highest service class
the same asin IEEE 802.11 standard.

Figure 2 shows the mechanism of token bucket filter which can provide different
service. The token bucket is maintained by token rate R, this means service of the
station is guaranteed to R (Mb/s). The token bucket will be limited by a maximum



depth D. By choosing large depth, we can maintain throughout precisely to the
guaranteed bandwidth but need large buffer. If the token length is deeper than the
maximum length, the token will be discarded and the throughput will not be
guaranteed. However, in our simulation shown below, the case happens when sum of
throughput committed to guaranteed bandwidth is larger than total throughput
available in the wireless media. In our simulation, we define one token as one bit for
precise result. The bucket threshold Ky defines how urgency the black burst
mechanism should switch on. The higher Ky will get larger variance relative to the
guaranteed bandwidth, and will get lower probability to transmit black burst.

By using the enhanced guarantee mechanism, the station can determine packet
transmission mechanism depending on the token bucket depth. If the token bucket
depth does not exceed threshold, the station will transmit packet by backoff
mechanism as in |IEEE 802.11 standard. The scheme of enhanced guarantee
mechanism is shown in Figure 3. When a station joins wireless network, the
guaranteed throughput R, is maintained by token bucket. If the station starts to
transmit packet, the decision engine will choose appropriate transmit mechanism. If
the bucket depth exceeds threshold Ky, black burst will be transmitted. Otherwise, the
station will access wireless media by backoff mechanism in IEEE 802.11 standard.
After station transmits black burst according to L, it should sense the channel to
ascertain that there is no longer black burst. If there is longer burst in the wireless
media, the station fails to access wireless mediain this round, and it should wait until
the wireless media becomesidle. After wireless media becomes idle, the station which
losesin last round will transmit black burst with updated L.
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Equation (1) shows that p’ will be the function of exceeded length L. Equation (2)
shows the truncated geometric distribution with parameter p’. The probability of i
enhanced stations generating longest black burst of f slot when there are N enhanced
stationsisgivenin (3).
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Therefore, the channel utilization is given by:
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We can find that the cost of collision at basic access mode is much higher than
RTS/ICTS mode. If we need to achieve maximum throughput at specific W, we should
get maximum value of:
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Thus, for a specific W, we can get the best p’ to achieve maximum throughput. We
find the optimal value of W =9 and p° = 0.45 by numerical anaysis. To test the
performance of our enhanced mechanism, we simulated it on a network consisting of
anumber of wireless terminalsin a2 Mbps Wireless LAN. The channel is assumed to
be error free. We evaluate performance by assuming each STA aways gets a packet
to transmit. Figure 4 shows that different classes of service can be achieved with
number of best effort stations. Figure 5 shows the channel utilization with different
number of enhanced stations and is compared with the channel utilization of IEEE
802.11 standard. We can find that channel utilization will be impacted if enhanced
station exists. Actually, channel utilization increases when there are enhanced stations.
Moreover, the increase is higher when there are fewer enhanced stations. The reason
is that, with no enhanced stations, the network is underloaded owing to too long idle
times. Having one enhanced station with guaranteed throughput, the load increases
and achieves to a higher utilization. However, channel utilization decrease with
number of enhanced stations. This is because having more than one enhanced stations
will lead to more collision by black burst. Note that by choosing optimal parameter in
our mechanism, collision probability of black burst is much smaller than best effort
when number of best effort stations gets large.

In this project, we have proposed enhanced throughput guarantee mechanism for



providing guaranteed service in Wireless LAN. The design goals of our mechanism
have been keep the MAC protocol fully distributed, provide backward compatibility,
and minimize the migration effort from current standard. We use numerical anaysis
to determine proper parameters in our mechanism to maximize channel utilization.
The simulations show that our approach will guarantee throughputs well and DiffServ
will be achieved. The enhanced stations will get demanded throughputs and leftover
bandwidth is equally shared to best effort stations.

[1] V. Bharghavan, “Performance Analysis of a Medium Access Protocol for Wireless Packet
Networks’, IEEE Performance and Dependability Symposium, Raleigh, NC, Aug. 1998

[2] B. Bianchi, “Performance analysis of the IEEE 802.11 distributed coordination function.” |EEE
J. Sdlect. Areas Commun., vol.18, no.3, pp.535-547, March 2000.

[3] Daji Qiao and Kang G. Shin, "Achieving Efficient Channel Utilization and Weighted Fairness
for Data Communications in |IEEE 802.11 WLAN under the DCF", in Proc. Tenth International
Workshop on Quality of Service, Miami Beach, Florida, May 2002.

[4] F. Cdi, M. Conti and E. Gregori, “Dynamic tuing of the IEEE 802.11 protocol to achieve a
theoretical throughput limit.” IEEE/ACM Trans.Networking, vol. 8, no. 6, pp. 785-799, Dec.
2000

[5] A. Veres, Campbell, A.T, Barry, M. and L-H. Sun, "Supporting Service Differentiation in
Wireless Packet Networks Using Distributed Control”, IEEE Journal of Selected Areas in
Communications (JSAC), October 2001

[6] Barry, M., Campbel, A. T and A. Veres, "Distributed Control Algorithms for Service
Differentiation in Wireless Packet Networks ",Proc. IEEE INFOCOM'2001, Anchorage, Alaska,
2001.

[7]1 A.Banchs, and X. Perez, “Providing Throughput Guaranteesin |IEEE 802.11 Wireless LAN, ”
WCNC2002, Val. 1, pp. 130-138

[8] W-T. Chen, B-B. Jian and S-C. Lo, “An Adaptive Retransmission Scheme with QoS Support
for the IEEE 802.11 MAC Enhancement” Proc. of IEEE VTC, 2002.

[9] S.Chevrel, A. Aghvani, et al. “Analysis and optimization of the HIPERLAN Channel Access
Contention Scheme,” Wireless Personal Communications 4, pp.27-39, Kluwer Acadamic
Publishers, 1997.

[10] A. Banchs, X. Perez, M. Radimirsch, and H. J. Stuttgen, "Service differentiation extensions for
elastic and real-time traffic in 802.11 wireless LAN," IEEE Workshop on High Performance
Switching and Routing, pp.245--249, 2001.



IEEE B02.11 backoff
mechanism

DIFS SIFS =lFS DIFS l

Previous Black .
transmission burst | ‘

Enhanced guarantee packet owing

to the station service is not reach to

guaranteed bandwidth
Best effort packet or
enhanced packet
which achieve
guaranteed bandwidth

Figure 1: Protocol Operation

Token rate B

'

I Exceed length L
Bucket depth D |

[ Bucket threshold Kz

Packet ‘
L g Black burst or
I i el ackooff mechanism in
IEEE 802.11 standard

Decision Engine

Figure 2: Token bucket filter for DiffServ



Enhanced station gats packst from
upper kayer. B

I

Wireless media is ide

Bucket depth
exceeds Ka?

Transmit black burst

with parameter o- Start CSMASCA
l backoff scheme
in IEEE 802.11

Sense the
wireless media I_

Longer burst
fength exists?

Update parameter L

Collision
Bxists?

Wait and s=e if wireless

media is idle.

Figure 3: Scheme flow

_ w
. T T T T T
—=— Teisl ihrcughput
% Exlind italas lhroaghpot (1 ER)
1.8 e Ewitand stuibs {heoaghpon 046G H
== Eriend sfrios ihrosghput 1.2k
1 o Cwigmiad Bladign thigag hpal
B
= - - -
14
= 12} -
i
-
= r y
=
o
|: o8
0 p—5 n [ T F= F=1 o - i
o =
[l <
- e ]
n L ¥y
1 r L q -] -] ! -] a Li}

Hurmn b ol angrsl stxios uzem

Figure 4: Different service classes vs. number of best effort stations
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Figure 5: Number of enhanced stations vs. number of total stations



