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ABSTRACT 
The IEEE 802.11e amendment is being designed to be 
compatible with the legacy 802.11 standard, therefore 
users with 802.11 network card will be able to connect 
and work without problems in a new QoS Basic Service 
Set (QBSS). However, this coexistence may deteriorate 
QoS support provided by the new standard. In this paper 
the influence of 802.11b DCF stations on the QoS 
provision in IEEE 802.11e standard is analysed and new 
mechanism for performance improvement of legacy IEEE 
802.11 stations is also proposed. 
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1.  Introduction 
 
The IEEE 802.11 is one of the most popular and 
implemented WLAN technologies. This wide acceptance 
resulted in numerous investigations to optimize, enhance 
and extend the usage of this promising technology. 
Moreover this technology is also gaining a great 
importance as it is believed that it will be a part of future 
heterogeneous wireless communication networks [1].   
   At the end of the last year a significant work in the field 
of quality of service in wireless IEEE 802.11 network was 
completed by IEEE Task Group E (TGe). The main 
objective of TGe was to detail QoS enhancements to the 
legacy 802.11 standard. Standardisation efforts of TGe 
resulted in introduction of a new mechanism called 
Hybrid Coordination Function (HCF) to the MAC layer of 
the legacy standard in order to guarantee the traffic’s QoS 
requirements [2]. Namely HCF is suggested with two 
access types: Enhanced Distributed Channel Access 
(EDCA) and HCF Controlled Channel Access (HCCA). 
They are backward compatible with the legacy IEEE 
802.11 Distributed Coordination Function (DCF) and 
Point Coordination Function (PCF) schemes and provide 
different QoS provisioning methods. Moreover, the 
feasibility of the QoS support was demonstrated in [3], [4] 
assuming a standalone IEEE 802.11e network. 

 
   However, in the near future most of the wireless LANs 
will be formed by two types of terminals: QoS enabled 
and non-QoS stations. Therefore in this paper, we 
concentrate on the question of coexistence of the new 
IEEE 802.11 QoS enabled wireless stations (QSTA) and 
the legacy IEEE 802.11 stations in a BSS with QoS 
facilities, assuming advanced multimedia services over 
both types of stations. In Section 2, the main QoS 
limitations of legacy 802.11 are presented jointly with the 
corresponding solutions proposed in the emerging 
802.11e standard. In Section 3 the Hierarchical Token 
Bucket (HTB) queuing mechanism for DCF is detailed. 
Section 4 follows with preliminary study on coexistence 
between mentioned technologies. Finally, Section 5 
summarizes the main points of the paper. 
 
 
2. QoS limitations and improvements to the 

legacy IEEE 802.11 
 

The 802.11 MAC layer defines two different access 
methods – the Distributed Coordination Function (DCF) 
and the Point Coordination Function (PCF) [5]. The QoS 
support is only available in the PCF mode, whereas the 
DCF mode was designed to provide each station with 
equal access probability without any frame 
differentiation. The main problems of the QoS provision 
in PCF concern the unknown duration of packet 
transmission, and as the result the delay of beacon frames 
and the not optimum scheduling algorithm [5]. 
   With unrestrained transmission duration, a station can 
occupy a wireless medium for an unpredictable time 
which depends on packet size and channel rate of physical 
(PHY) layer, being this maximum occupancy time of the  
order of 20ms. To overcome this limitation, IEEE 802.11e 
standard introduces the concept of Transmission 
Opportunity (TXOP). TXOP is defined as an interval of 
time when a particular QSTA station has the right to 
initiate transmissions onto the wireless medium [2]. The 
TXOP is specified by a starting time and a maximum 
duration. Within the limits of each TXOP a QSTA is 
allowed to transmit multiple frames from the same Access 
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Category (AC) with a small interframe space (SIFS) time 
gap between an ACK. Figure 1 shows the subsequent 
frame transmission. 
 

 
Figure 1 Graphical representation of TXOP 

   In the legacy IEEE802.11 standard, the Contention Free 
Period (CFP), during which PCF access is used, starts 
with a beacon frame transmitted by an Access Point (AP).  
This beacon frame is scheduled each Target Beacon 
Transmission Time (TBTT). However, if wireless 
medium is busy at that time, the beacon frame will be 
deferred and so additional delay will be added to packets 
scheduled during CFP interval. In 802.11e, a QSTA 
station (more precisely, an Enhanced Distributed Channel 
Access Function, EDCAF) is not allowed to start 
transmission if a frame exchange cannot be completed 
before the upcoming TBTT. That procedure solves the 
problem with unexpected beacon delays and provides at 
the hybrid coordinator (HC) of a better control over the 
medium. However, the use of CFP is not obligatory and, 
to initiate QoS frame exchange, the HC can assign TXOP, 
called polled TXOP, to other stations during CP what will 
improve the achievement of QoS requirements. 
   An additional inefficiency in the legacy IEEE802.11 is 
introduced by the simple round robin scheduler which 
does not differentiate between different types of traffic 
with different QoS requirements. Moreover, the point 
coordinator (PC) has to poll each STA although they do 
not have any traffic to send. For these reason, in the new 
802.11e, the scheduler design is left open for 
manufacturing differentiation. 

 
Figure 2 EDCA access mechanism 

   The TGe also developed an enhanced version of DCF 
mode, called EDCA, which intends to provide distributed 

prioritised channel access. In EDCA, QoS support is 
provided by the introduction of different access categories 
(AC), each one with their independent EDCAF. 
According to [2] QSTA shall implement four access 
categories. A graphical representation of ACs with the 
parallel backoff entities is shown in Figure 2. 
   As it can be seen in the Figure 2, with each AC there is 
associated a set of EDCA parameters. Those parameters 
include: arbitration interframe space AIFS[AC] and 
contention window with its minimum and maximum 
value CWmin[AC] and CWmax[AC] respectively. To 
gain a transmission opportunity, each AC from every 
station competes with others ACs by starting 
independently a backoff timer after detecting that the 
channel is idle for an AIFS[AC] interval. In EDCA, the 
medium access priority is determined by size of the AIFS 
interval, the smaller this value is the higher priority it has, 
and by the size of the contention window (CW) delimited 
by CWmin and CWmax. Basically the smaller the CW the 
shorter channel access delay for corresponding priority. 
However, with smaller values CWmin and CWmax the 
collision probability increases, when there are several 
entities with the same AC performing backoff procedure.  
 
 
3. Coexistence of legacy and new IEEE 

802.11e wireless stations 
 

The 802.11e standard is being designed to be backward 
compatible with the legacy 802.11 standard, which 
implies that DCF and PCF mode stations can work 
without restrictions in the new QoS enable environment. 
In fact, the traffic of a station working in DCF mode is 
treated as traffic belonging to AC1 of the new EDCA 
mode with TXOP equal to zero. Hence, from DCF point 
of view this coexistence is quite fair as DCF is a Best 
Effort traffic oriented. On the other hand, PCF mode 
stations in the new standard are managed by HC as if it 
were PC, which provides schedule for them. Therefore, 
there is hardly any change in system behaviour.  
   However, from 802.11e standpoint the introduction of 
legacy 802.11 stations in a QBSS system pose a risk to 
the QoS guarantees. Direct cooperation of both types of 
stations without any restriction on the legacy 802.11 
traffic will penalize all QoS guarantees provided by 
standalone IEEE 802.11e network [3][4] due to 
previously mentioned 802.11 limitations. Therefore, to be 
able to provide real QoS support in wireless LAN with 
coexistence of 802.11 and 802.11e stations it will be 
necessary to consider some QoS mechanism for legacy 
stations.  
 
3.1 Hierarchical Token Bucket basics 
 
The great benefit of introduction of Hierarchical Token 
Bucket (HTB) discipline is its capability of control of 
resources assigned to each station and traffic 
differentiation facility. The HTB [7], [8] is a class based 
queuing discipline located between IP Layer and Layer 2 
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allowing classifying, policing, scheduling and shaping of 
entering traffic. Classifying is based on set of different 
rules like service type, IP address or network address. 
Classified traffic is verified if it is conformant with 
defined policies like maximum acceptable entering traffic 
rate (ceil rate). The classified conformant traffic enters in 
the corresponding queue, which has associated the 
following parameters: assured rate (AR), ceil rate (CR), 
priority level (P) and quantum (Q). A schematic 
implementation of the HTB architecture is shown in 
Figure 3. 
   The total bandwidth of each node is constrained by a ceil 
rate of the root class, that is, the maximum load a node is 
allowed to send during some time interval e.g. 1 second. 
The ceil value of the root class should always be at least 
as high as the ceil value of any of its children classes 
(leafs) in order to comply with their bandwidth 
expectations. The bandwidth of each leaf is at least the 
minimum of the amount requested and the amount 
assigned to it (AR). The CR rate by default is equal to AR 
rate. In addition, if some leaf requests less than AR then 
the remaining excess bandwidth may be distributed to 
other leafs, if demand exists, based on priority (P) and not 
exceeding a maximum rate (CR) of each leaf. The 
quantum (Q) parameter specifies the proportion of excess 
bandwidth offered to each leaf. 
 

 
Figure 3 HTB structure 

   With these set of parameters and routines provided by 
HTB an AP can easily control DCF stations. However, to 
obtain optimal system performance the HTB parameters 
should be dynamically adjusted to respond to the QBSS 
changing conditions (e.g. number of available resources). 
Nevertheless, by means of static/default assigned values 
we established the minimum guaranteed rate for DCF 
stations which is used to perform admission control 
procedures.  
   Classified conformant traffic requires adequate scheduler 
to support service differentiation and prioritisation. In 

particular, we considered two algorithms Class Based 
Weighted Fair Queuing (CBWFQ) [9] and priority 
queuing. The CBWFQ generates schedule based on 
weights that are dynamically adjusted in function of 
achieved throughput and physical layer transmission rate. 
In priority queuing, the queue with higher priority is 
served first.  Before being transmitted the packets are 
shaped by concept of tokens and buckets. 
   The main advantages of the introduction of HTB 
mechanism to DCF stations are summarised in the 
following points: 

• service differentiation and prioritisation  

• control over traffic of DCF stations  

• admission control capability 

• traffic policing and shaping 
 
 
4. Preliminary studies 
 
The simulations of the proposed HTB scheme were done 
in an event driven simulator developed in OPNET 
platform. In simulations, three types of traffic flows were 
considered: conversational, streaming and best effort. The 
conversational traffic is generated as G.729 A/B VoIP 
application with packet size of 60 Bytes and transmission 
rate of 24kbps. To model the streaming traffic a video 
stream a Group of Pictures (GOP) of 13 frames was used, 
as proposed in Everest project [10], assuming 25 frames 
per second and 128 kbps transmission rate in downlink 
and 16 kbps in uplink. The traffic model for best effort 
flow considers a data application with Poisson 
distribution of data packets with truncated Pareto 
distribution of the packet length. The average packet 
length is 1020 octets.  
   The contention parameters used in all steps are shown in 
Table 1. Please notice that DCF contention parameters 
correspond to AC1.  
   To concentrate on the functionality of HTB mechanism a 
priority based scheduler is used for HTB stations in all 
simulations.  

Table 1 Contention parameters 

AC AIFSN CWmin CWmax TXOP-
default [s]

1 2 31 1023 0.000 
2 2 15 31 0.006 
3 2 7 15 0.003 

 
4.1 Scenario A 
 
First, the validation of effectiveness of HTB queuing 
discipline in providing differentiation and prioritisation 
functionality for DCF traffic is analysed. In the 
considered scenario 5 voice and 5 video EDCA stations 
coexists with 2 DCF stations each using 2 applications: 
voice and data. The average data throughput is 800 kbps 
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and is generated only in uplink direction. A PHY layer of 
11Mbps is used for packets transmissions.  
   For simulation purpose when HTB discipline is used 
within DCF stations, it was assumed that the CR rate is 
equal to AR rate and equal to 800kbps. In addition to that 
it was also assumed that the voice traffic has higher 
priority than the data traffic thus it is served first.  
   In Figure 4 we can see the cumulative distribution 
function of MAC delay for voice application for three 
types of stations: EDCA, DCF and DCF with HTB 
mechanism (from now on referred to as HTB station). The 
delay experienced by DCF stations is extremely too high 
to support voice applications.  
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Figure 4 Cumulative distribution function of MAC delay for 

voice application for EDCA, HTB and DCF stations 

   In contrast, in the case of voice application within HTB 
station, separated from data application and with higher 
priority, the achieved delay is  smaller,  which makes 
voice applications feasible over legacy stations. It is 
important to emphasis that EDCA delay stays invariant in 
both scenarios with and without HTB discipline. Hence, 
we can conclude that the delay value is clearly not 
affected by the service differentiation scheduling 
introduced by HTB stations. 
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Figure 5 Throughput for voice application for EDCA, HTB 

and DCF stations 

   The throughput characteristic presented in Figure 5 
confirms the above observations. Some throughput 
oscillations can be seen for HTB stations however they 

may be reduced by limiting CR threshold for data 
application. 
 
4.2 Scenario B 
 
In the second step, the effect of the control over DCF 
traffic together with its policing is analysed. In the 
simulations carried out, 5 voice and 5 video EDCA 
stations jointly with 5 DCF/HTB stations were 
considered. Each DCF/HTB station generates a data 
throughput of 64kbps with a maximum allowed packet 
size of 2304 octets for IEEE 802.11 stations. The CR 
bandwidth is equal to AR bandwidth and equal to 64kbps. 
After every 10 seconds each DCF/HTB station changes its 
PHY layer rate to 1Mbps rate. This PHY layer switch 
may results from many factors like: channel interference 
or channel condition change due to mobility. Notice that 
this change results in increase of required bandwidth what 
may provoke loss of QoS provision of EDCA stations. 
Figure 6 shows channel utilization of DCF stations with 
and without HTB discipline when subsequent stations 
switch their PHY layer.  

 
Figure 6 Channel utilization of data application of DCF 
station with and without HTB discipline as a function of 

number of stations working at 1Mbps PHY layer 

   With rate switch within DCF stations the channel 
occupation increases with every rate change. In contrary, 
the inclusion of the HTB procedure in the legacy 
IEEE802.11 stations allows bandwidth control by means 
of the AR and CR parameters. Therefore, when the 
required bandwidth is higher than the assigned one, our 
policing rule deletes the excess of the traffic. In the 
analysed case, the policy rule applied totally stops the 
traffic of HTB nodes as bandwidth of one packet is 
greater than AR threshold. However, to have this control 
over DCF traffic the HTB discipline should be aware of 
actual PHY rate of the node what implies a need of cross 
layer design.  
   Next, the negative effect of increase of bandwidth 
requirement of DCF stations for EDCA stations is shown 
in Figure 7. We can noticed that, when in the analysed 
system three of  five DCF stations work at 1Mbps PHY 
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layer, the EDCA voice application becomes impossible 
due to high delay.   
   In summary, the QoS support provided by the new 
standard may be completely lost due to uncontrolled 
legacy stations. However if a HTB mechanism is used in 
this legacy station, then the QoS guarantees could be 
maintained. 

 

 
Figure 7 Average MAC delay for EDCA voice application as 
function of number of stations working at 1Mbps PHY layer 

That is, the use of HTB mechanisms mitigates the 
degrading effects of the legacy stations over the QSTA 
stations.  
 
 
5.  Conclusion 

 
This work presents study on coexistence of IEEE 802.11e 
and legacy IEEE802.11 stations in one QBSS. It 
summarises the possible difficulties in QoS provision to 
be faced in that context and provides an innovative 
solution for legacy 802.11 stations that cope with the 
above mentioned difficulties. Moreover, the presented 
solution also provides to the legacy stations extra 
capabilities for QoS support of the new multimedia 
applications.  
   The future work in this issue will concentrate on 
analysing more sophisticated scenarios with multiple 
traffic sources within stations and their mutual influences 
with final objective to provide QoS support in combined 
system architecture. 
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