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Abstract
Wireless Local Area Networks, WLANs based on the IEEE 
802.11 standards have been successfully deployed in a variety 
of home, offices and corporate environments and available in 
various standards like 802.11 a/b/g. In this paper an analysis 
of the Quality of Service, QoS, parameters like throughput 
performance, average end to end delay and jitter for 802.11b 
standard has been investigated using CARC, Call admission 
and Rate Control algorithm, at channel data rate of 11 Mbps 
respectively. In CARC, the admission control algorithm is used 
to regulate the admission of real-time or voice traffic and the rate 
control algorithm to utilize all the residual channel capacity left by 
the real-time traffic. Results obtained using Network Simulator-2 
shows a superior throughput performance at 11 Mbps for 802.11b 
standard using CARC mechanism. Also, the end to end delay and 
jitter for real time and non real time traffics using CARC policy, 
reduces fairly to an appreciable value as expected. Thus, simulation 
results demonstrate that the proposed schemes can well support 
statistical, QoS guarantees for voice traffic and maintain stable 
high throughput for the best effort traffic at the same time.
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I. Introduction
Voice over WLANs is one of the highly emerging applications 
which take into advantage VoIP protocol and widely available 
WLAN standard all over the world. This application requires 
WLAN to be able to support the strict Quality of Service, QoS  
requirements of voice services [2]. The widely deployed IEEE 
802.11 WLANs employ a contention-based medium access control, 
MAC protocol, the Distributed Coordination Function, DCF. DCF 
can well support best effort traffic, but it may introduce arbitrarily 
large delay and delay jitters, thus, making it unsuitable for real-
time applications with strict QoS requirements. It is seen that the 
IEEE 802.11b DCF protocol could satisfy the QoS requirements 
of the real-time traffic and achieve the maximal channel utilization 
when it is working at the optimal point corresponding to a certain 
amount of arriving traffic [1]. If the arriving traffic is heavier 
than this threshold, the WLAN enters into saturation, resulting 
in significant increase in delay and decrease in throughput; on 
the other hand, if the arriving traffic is less than this threshold, 
channel capacity is wasted. However, it is necessary to tune the 
network that operates on the basis of channel contention to work 
at this optimal point. Hence an effective and efficient control 
algorithm is required to regulate the input traffic. The admission 
control scheme is able to provide statistical QoS guarantees for 
real-time and streaming traffic [4]. The rate control scheme allows 
best effort traffic to utilize all the residual channel capacity left by 
the real-time and streaming traffic while not violating their QoS 
metrics, thereby enabling the network to approach the maximal 
theoretical channel utilization. 
In this paper, section II, has the overview of  IEEE 802.11b standard 
[6], section III gives the control metric i.e. the channel busyness 
ratio [2], section IV, proposes the admission control  scheme that 
is used for the real time traffic [4], section V, proposes the rate 

control mechanism used to control the non-real time traffic so 
that it does not affect the flow of the real time traffic [2], section 
VI, gives the simulation model, section VII, shows the simulation 
results. We have implemented the CARC scheme in ns-2 [10], 
and conducted a comprehensive simulation study to evaluate its 
performance for IEEE 802.11b standard at channel data rates 
of 11 Mbps respectively, and finally section VIII, concludes the 
paper.   

II. Overview on IEEE 802.11b
The IEEE 802.11b standard defines three different Physical layers 
providing different data rates. The three PHY kinds are: the FHSS, 
the DSSS and the IR [6]. Both FHSS and DSSS use the ISM 
2.4 GHz frequency band. The FHSS uses 79 channels separated 
with a 1MHz from each other, adopting the GMSK. The offered 
bandwidth is 1 or 2 Mbps depending upon the GMSK. The DSSS 
uses exactly the same frequency spectrum with DBPSK coding 
for the 1Mbps and DQPSK for 2 Mbps. Finally, the IR designed 
mostly for indoor applications. The higher data rates (i.e. 5.5 Mbps 
and 11 Mbps) are achieved by using the Direct Sequence/Pulse 
Position Modulation (DS/PPM) coding technique.

Table 1: IEEE 802.11b Standard
Characteristics 802.11 b
Frequency 2.4 GHz
Rate(Mbps) 1,2,5.5,11

Modulation DBPSK,DQPSK,CCK(DSS,
IR &FH)

FEC Rate NA
Basic Rate 1 or 2 Mbps

 
The IEEE 802.11b MAC sub-layer defines two access coordination 
mechanisms, the basic Distributed Coordination Function (DCF), 
which is mandatory and the optional Point Coordination Function 
(PCF). Asynchronous transmission is provided by DCF, which is 
basically a CSMA/CA, Carrier Sense Multiple Access met-hod, 
while Synchronous transmission is provided by PCF which follows 
a round-robin polling-based access mechanism. The parameters of 
IEEE 802.11b standard are listed above in the Table  1.

III. Metrics
The CARC scheme utilizes the channel busyness ratio as the 
control metric. Channel busyness ratio Rb is the ratio of the time 
the channel is determined to be busy to the total time. Rb consists 
of both successful transmissions and collisions. The channel 
utilization Rs is defined as the ratio of successful transmission 
periods to the total time [2]. Rs counts every period Tsuc with 
a successful transmission. The collision probability is small 
when WLAN works at the optimal point, and hence Rb =Rs. Rb 
is relatively stable around 0.90 (without request/clear to send, 
RTS/CTS) or 0.95(with RTS/CTS). Let BU denote the channel 
utilization corresponding to the optimal point. CARC should 
maintain Rb close to BU to guarantee both a good QoS level 
and high aggregate throughput. Hence BU ≈ Rb, ie., BU≈ 0.90 
(without RTS/CTS) and BU ≈ 0.95 (with RTS/CTS). CARC should 
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maintain Rb close to BU to guarantee both a good QoS level 
and high aggregate throughput. Every node initiates an identical 
User Datagram Protocol (UDP) with a Constant Bit Rate (CBR) 
traffic and Variable Bit Rate (VBR) flow to a randomly selected 
neighbor.

IV. Admission Control Policy
In CARC, the Access Point, AP of the WLAN makes the admission 
decision for each voice call. AC admits a new voice call only if 
the requested resource is available. Let BM denote bandwidth 
reservation of voice traffic which is set to 75 percent (it could 
be adjusted depending on traffic composition) of the maximum 
channel utilization BU of the WLAN. Let BN denote bandwidth 
reservation of non real time traffic [4] which is set to 25 percent 
of the maximum channel utilization BU of the WLAN. The 
bandwidth requirement of a voice call is characterized by three 
parameters, (v, vpeak, l), where v is the average rate and vpeak is 
the peak rate of a voice call, both in bits per second, and l is the 
average packet length in bits.
A call with CBR traffic has, v  = vpeak  (1)
A call with VBR traffic has, v  < vpeak  (2)
To conduct admission control, the traffic rate is converted to the 
channel utilization Cu, which is the channel time the flow, will 
occupy.    
Cu = v / l *Tsuc     (3)
Cupeak =  vpeak / l *Tsuc    (4)
Tsuc = RTS + CTS + 3SIFS + DIFS + DATA + ACK (with RTS/
CTS mechanism)     (5)
Tsuc = SIFS + DIFS + DATA + ACK (without RTS/CTS 
mechanism)     (6) 
where, Tsuc is the successful transmission time of one packet 
including RTS, CTS, DATA, ACK, and interframe spacing Short 
Interframe space (SIFS), Distributed Coordination  Interframe 
space (DIFS). Thus, (Cu, Cupeak) specify a voice flow’s 
bandwidth requirement [7]. The AP of the WLAN records the total 
bandwidth occupied by all admitted voice flows in two parameters, 
the aggregate (Cu, Cupeak), denoted by (CuA, CupeakA). These 
parameters are updated when a voice flow joins or leaves through 
the following admission procedure. When receiving a voice 
call request from its application layer, a node must convert the 
bandwidth requirement into the form of (Cu, Cupeak). It then sends 
a request with this requirement to the AP, notifying the AP that it 
wants to establish a voice flow. The AP examines whether there 
is enough resource to accommodate the new flow. Specifically, it 
carries out the following procedures: 
If CuA + Cu ≤ BM &&    (7a)
If CupeakA + Cupeak ≤ BU   (7b) 
AP issues a connection admitted message, and Updates (CuA, 
CupeakA) with (CuA + Cu, CupeakA +Cupeak).
Else,
AP issues a connection rejected message to the requesting 
node. 
When a voice flow ends, the source node of the flow issues a 
connection terminated message to the AP. 

V. Rate Control Policy
Rate Control algorithm, RC, is used for non real-time traffic. 
The AP of the WLAN records the total bandwidth occupied by 
all admitted non-real time voice flows in a single parameter, the 
aggregate (Nu), denoted by (NuA) [2]. This parameter is updated 
depending upon the bandwidth availability.  As per the algorithm 
AP first checks whether a call can be accommodated in the 

bandwidth reserved for non real time traffic. If yes, call is admitted 
otherwise, else, it then checks the residual bandwidth for real time 
traffic. If yes, call is admitted else AP issues connection-rejected 
message. RC ensures that the best effort traffic does not affect the 
QoS level of the admitted real-time traffic but has access to the 
residual bandwidth left by real-time traffic in order to efficiently 
utilize the channel.
When the non real-time flow ends, the source nodes of the flow 
should send a “connection terminated” message to the AP. The 
AP respond with a “termination” confirmed message and updates 
(CuA,CupeakA) & (NuA) respectively. It can also enable a 
mechanism to release the resources issued to a voice flow when 
it has no activity for a long time. The voice packets are always 
assigned the highest priority in the outgoing interface queue.

VI. Simulation Model
The IEEE 802.11b based WLAN with 50 mobile nodes in ad-
hoc mode using RTS/CTS mechanism, moving in 500 * 500 m 
topography was simulated, at channel rate of 11 Mbps respectively. 
The simulation is run for 150 sec and the performance was analyzed 
using the animator NAM and Trace graph [9]. 50 voice calls and 
50 data calls are passed in between the intermediate nodes. Real 
time traffic model (voice) traffic is modeled as variable bit rate 
(VBR) traffic using the on/off source model, with exponentially 
distributed on and off periods of 300 ms average each.
set vbr_ (0) [Traffic/Exponential]
$vbr_ (0) set packet Size_ 160
$vbr_ (0) set rate_ 32k
$vbr_ (0) set burst time_ 300ms
$vbr_ (0) set idle time_ 300ms.
Non real time data traffic model is modeled as constant bit rate 
(CBR) traffic where traffic is generated at the rate of 64kbps with 
inter packet frame time of 125ms.
set cbr_ (0) [Traffic/CBR]
$cbr_ (0) set packet Size_ 1000
$cbr_ (0) set rate_ 64k
$cbr_ (0) set random_ 1

VII. Simulation Results
As calculated by using CARC and without using CARC, Call 
admission control and Rate control policy, the simulation results 
are tabulated as follows.

Table 2: Simulation Results

Sr. 
No

QoS parameters 802.11b at 11 Mbps
Without CARC With CARC

Type of traffic
V
B
R

C
B
R

V
B
R

C
B
R

1.

Throughput  of  
sending packets  
[packets/TIL] v/s 
simulation time[s]

320 250 390 130

2.
End to end 
delay[s] v/s packet 
size[Bytes]

2.5 s 3 s 0.27 s 0.45 
s

3.

Jitter[s] v/s 
throughput[packets/
TIL] 6.6 s 5.6 s 2.0 s 7.1 s

4. No. of voice calls & 
No. of data calls 25 50 26 14
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The analysis of QoS metrics such as throughput of sending 
packets, average End to End Delay and average simulation 
Jitter are compared with and without CARC algorithm and their 
performance is evaluated.
Parameter1-Throughput of sending packets [packets/TIL] v/s 
simulation time [S]
The throughput of sending packets for VBR traffic (voice) using 
proposed admission policy is highly improved by, whereas 
throughput for CBR traffic although being reduced remains 
appreciably constant as shown in fig. 1(a) & (b) 
Parameter2-Average End to end delay [S] v/s packet size 
[Bytes]
Fig. 2(a) & 2(b), shows that using proposed CARC policy, average 
simulation delay plot for real time and non real time traffics reduces 
fairly to an appreciable value i.e., average end to end delay for 
VBR  [Variable Bit Rate Traffic] is less than CBR [Constant Bit 
Rate Traffic] as required. 
Parameter 3-Average simulation Jitter [s] v/s Throughput of 
sending bits [packets/TIL]
Fig. 3(a) & (b), shows that using proposed CARC policy, the 
average simulation jitter for real time and non real time traffics 
reduces fairly to an appreciable value i.e., average simulation Jitter 
for VBR [Variable Bit Rate Traffic]  is less than CBR [Constant 
Bit Rate Traffic] as required. 
Parameter 4- Number of voice calls and data calls for VBR 
[Variable Bit Rate Traffic] & CBR [Constant Bit Rate Traffic]
It is observed from the Table 2: that total number of voice calls 
and data calls supported by 802.11b standard at 11 Mbps are 
26 and 14 respectively. The bandwidth of the real time calls is 
momentarily utilized by non real time calls thus, achieving the 
maximum throughput and efficient channel utilization.

 

Fig. 1(a) & (b): Throughput Performance, (a). Without CARC 
Policy, (b). With CARC Policy

          

   
Fig. 2(a) & (b): Average End to End delay, (a). Without CARC 
Policy, (b). With CARC Policy

    

Fig. 3(a) & (b): Average Simulation Jitter, (a). Without CARC 
Policy, (b). With CARC Policy
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VIII. Conclusion
The IEEE 802.11b can support strict QoS requirements of real-time 
services while achieving maximum throughput. Channel busyness 
ratio is a good network status indicator for CARC algorithm. It 
is concluded that 802.11b standard shows a superior throughput 
performance using CARC mechanism. The throughput of sending 
packets for VBR traffic using proposed admission policy is highly 
improved by, whereas throughput for CBR traffic although being 
reduced remains appreciably constant. Also, the end to end delay 
and jitter for real time and non real time traffics reduces fairly to 
an appreciable value as expected using the CARC policy. 
 An efficient admission control and rate control scheme (CARC) 
scheme can well support statistical QoS guarantees for voice 
traffic and allows best effort traffic to utilize all the residual 
channel capacity left by the real-time and streaming traffic while 
not violating their QoS metrics, thereby enabling the network to 
approach the maximal theoretical channel utilization. However, 
the present work does not take into consideration the effects of 
fading since the two ray propagation model is considered in all 
the simulations. The Rayleigh propagation model may be used 
to take into consideration the errors caused due to fading over 
the channel.
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