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ABSTRACT 
The next deployments of IEEE 802.11 WLAN will 
involve the coexistence of the legacy best effort stations 
and the new recently standardised QoS-aware stations in 
QoS Basic Service Set (QBSS). However, if no control is 
applied to the legacy stations, this coexistence may 
deteriorate QoS support provided by the new IEEE 
802.11e standard. In this paper the influence of IEEE 
802.11b DCF stations on the QoS provision in IEEE 
802.11e standard is analysed and a novel mechanism for 
resource reservation for IEEE 802.11e EDCA stations is 
proposed. 
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1.  Introduction 
 
In the last years Wireless Local Area Networks (WLANS) 
and in particular the IEEE 802.11 technology have spread 
tremendously, giving wireless access to the Internet and 
support for data communication in both public (hotspots) 
and private areas. At the early stage, just simple data 
transfer applications run through these networks as the 
technology does not provide any Quality of Service (QoS) 
guarantees. However, the increasing popularity of new 
applications, like VoIP or IPTV streaming that require 
QoS support, influenced on further development of IEEE 
802.11 technology. Then, specifically a Task Group, 
called “e”, (TGe) was formed with the idea of providing 
QoS in WLAN. The standardisation efforts of TGe 
resulted in a new amendment to the standard that 
develops a new medium access control (MAC) protocol 
designed for efficient bandwidth sharing and QoS 
support.  
 
The extension of the legacy MAC, proposed by TGe, 
introduces new mechanism called Hybrid Coordination 
Function (HCF). The HCF is suggested to operate with 
two access types: Enhanced Distributed Channel Access 
(EDCA) and HCF Controlled Channel Access (HCCA) 
[1]. Both new operation modes are compatible with the 
legacy IEEE 802.11 DCF and PCF schemes and provide 
different QoS provisioning methods. According to [2],[3] 

the QoS support is feasible in a standalone IEEE 802.11e 
network. However, in near future we will observe the 
coexistence of the legacy and new QoS-aware stations in 
a typical WLAN scenario. On the other hand, with the fast 
spreading out of real time application, there will surely be 
requirement to accommodate these new services over 
already deployed legacy WLAN networks. Then, the 
envisaged evolution of WLAN network may pose the risk 
to the QoS support provided by recently standardised 
work of TGe. This jeopardy is directly originated from the 
limitations of the legacy IEEE 802.11 standard where 
only Best Effort support is provided. 
  
In this paper we analyse the system performance of an 
IEEE 802.11 WLAN network composed by EDCA and 
DCF stations. The study is concentrated on the limitations 
that the legacy standard imposes and on the description of 
the proposed novel solution to solve these emerging 
problems.  
 
In Section 2, the main QoS limitations of legacy 802.11 
standard are presented with corresponding solutions 
developed in the new IEEE 802.11e standard. In Section 3 
the proposed solution to the coexistence problem is 
described and its possible implementation in the legacy 
station is given. Section 4 follows with evaluation of 
proposed mechanism and finally, Section 5 concludes the 
paper. 
 
 
2. Legacy IEEE 802.11: QoS limitations and 
improvements  
 
Two different access methods – the Distributed 
Coordination Function (DCF) and the Point Coordination 
Function (PCF were defined in the legacy IEEE 802.11 
standard, [4]. The DCF is a mandatory mode that was 
designed to provide each station with equal access 
probability without any frame differentiation. The access 
to the wireless medium is based on the Collision Sense 
Multiple Access with Collision Avoidance (CSMA/CA) 
protocol with exponential back-off mechanism. This 
mechanism is used to resolve possible collisions and runs 
separately and independently in each node. Moreover, the 



transmission of application data is organised in FIFO 
order.  
On the other hand, the optional PCF mode aims at 
introducing QoS support to the legacy stations by the use 
of centralized scheduling in the medium access protocols, 
being the stations polled following a und Rubin nature to 
start their transmission. However, the PCF mode does not 
receive great endorsement from industry sector, mainly 
due to problems with unknown duration of packet 
transmission, the delay of beacon frames and the not 
optimum scheduling algorithm [5]. 
 
Therefore to be able to support new delay sensitive 
multimedia applications over IEEE 802.11 WLAN four 
main issues had to be tackled:  

• traffic differentiation and prioritisation 

• control over packet transmission time 

• admission control  

• more efficient scheduling algorithm 
 
All of these points are addressed in the new IEEE 802.11e 
amendment to the standard prepared by TGe.   
 
The proposed enhancements by TGe also consider two 
access modes a contention-based channel access method, 
called the Enhanced Distributed Channel Access (EDCA) 
mechanism for contention-based transfer and a controlled 
channel access, referred to as the HCF Controlled 
Channel Access (HCCA) mechanism, for contention-free 
transfer.  
EDCA copes with QoS limitations of the DCF access 
mechanism of the legacy MAC. The suggested 
improvements are based on introduction of the Access 
Categories (AC) concept, each one supported by means of 
an enhanced variant of the DCF mode, called an 
Enhanced Distributed Channel Access Function (EDCAF) 
to provide service differentiation and prioritisation.  

 
Figure 1 EDCA access mechanism 

Each station should support four ACs with different QoS 
expectations. Similarly to DCF, the EDCAF is 
characterized by a set of contention parameters (EDCA 
parameters) obtained from the beacon. The four AC with 
their EDCAF modes and contention parameters are shown 
in Figure 1. 
The prioritization in this access mode is reached by 
assigning different values to the following contention 
parameters to each AC: 
 
AIFS – Arbitration Interframe Space that defines the free 

time interval before the backoff stage. The value of 
AIFS may be changed by the Arbitration Interframe 
Space Number (AIFSN) and is given by equation (1). 
Smaller values of AIFS correspond to higher priority. 

 
AIFS[AC]=SIFS + AIFSN[AC]*aSlotTime         (1) 

 
where SIFS (Short Interframe Spacing) and aSlotTime 
(slot time) are parameters known by the  DCF mode. 
In the case of non-AP QoS aware stations (QSTA), the 
value of AIFSN[AC] for all should be equal or greater to 
2, which corresponds to the DIFS interval of legacy 
MAC. However, for QoS aware AP (QAP) it should be 
equal or greater to 1, what can provide QAP with the 
highest priority. 
 
CW – Contention Window provides the range of possible 

backoff values that defer the slots before starting the 
transmission. CW is defined by means of its minimum 
and maximum size. Then, selecting a CW value with 
smaller maximum and minimum range higher priority is 
achieved. 

 
In contrast to the DCF contention parameters, the EDCAF 
ones are not dependent on the PHY layer and can be 
assigned dynamically by AP. Therefore, better traffic 
differentiation and prioritisation may be provided as 
described in [6].   
 
The main principles of the EDCA access are similar to 
those of the DCF. Each AC, after detecting the medium 
idle for an AIFS time, starts decrementing its backoff 
counter and when reaches zero starts transmission. If in a 
given station, two or more ACs finish their backoff at the 
same time instant, then the so called virtual collision take 
place. In such situation the AC with the highest priority is 
allowed to transmit whereas lower priority ACs behave as 
if they experience a “collision” and thus they need to 
increment their CWmax range.  
 
The control over the packet transmission time is obtained 
by implementation of new mechanism called 
Transmission Opportunity (TXOP).  The principle of 
TXOP mechanism is to allow, for the station that won 
then channel access, the transmission of multiple packets.  
This mechanism is characterised by two parameters: the 
start time and the duration. The duration parameter 
specifies the time that the station could devote to the 



packet exchange sequence, including data packet and its 
corresponding acknowledgement. Both parameters start 
time and duration depend on the access mode: HCCA or 
EDCA. Within controlled medium access HCCA mode, 
the start time and the duration of TXOP limit are managed 
by HC that schedules a poll message to a station for 
starting burst transmission and specifies its duration. In 
contention based mode, EDCA, the maximum size of the 
burst is also controlled by HC. However, by default, the 
maximum burst size has a constant value and is obtained 
by each station from a QoS parameter set element 
allocated in the beacon frame. Since EDCA mode is 
contention based, the burst start time is defined by 
termination of backoff algorithm executed independently 
at each station. In addition, during TXOP period only 
packets from the same AC are sent and successive packets 
are separated by SIFS interval as shown in Figure 2. 
 

 
Figure 2 TXOP bursting 

The HCF controlled channel access mechanism uses a 
QoS-aware centralized coordinator, called hybrid 
coordinator (HC) to provide QoS guarantees. Similarly to 
the Point Coordination Function (PCF), the HCF defines 
a superframe that starts with a beacon frame followed by 
CFP and CP periods. During CFP, the channel access is 
managed by a polling mechanism (according to a 
scheduler defined in HC), normally located in QAP, and 
based on traffic specification (TSPEC) provide by each 
flow [1]. During CP the channel access mechanism is 
defined by the EDCA rules. However, HC is allowed to 
access the medium at any time, owing to its higher 
priority. 
 
Furthermore, IEEE 802.11e standard introduces 
admission control procedures to control available 
bandwidth resources. With two access modes 
IEEE802.11e also defines two distinct admission control 
algorithms one for contention based access and another 
for controlled access. Admission control, in general, 
depends on vendors’ implementation of the scheduler, 
available channel capacity, link conditions, 
retransmission limits, and the scheduling requirements of 
a given stream. The description of admission control 
algorithm is beyond the scope of this article and some 
basic principle can be found in [1].  
 
 
3. IEEE 802.11e resource reservation 
algorithm 
 
In the Section 2 it has been demonstrated that new 
amendment “e” proposes solutions to all the main 

limitations of the legacy standard. Moreover, in [3] it is 
shown that QoS support is achievable in a standalone 
IEEE 802.11e network. However, as the new standard is 
backward compatible with the legacy one, during next 
few years the coexistence between both types of stations 
will become dominant within WLAN networks. 
Consequently, the previously mentioned limitations of 
principal standard will be present and hence they will 
penalize QoS guarantees provided by IEEE 802.11e 
amendment. Therefore, there is a clear need for a 
mechanism that will introduce some control over legacy 
stations to protect QoS support provided by new standard.  
 
3.1 Algorithm fundamentals  
 
We propose to introduce a new condition through which 
legacy stations’ transmission time will be limited and 
some reasonably reservation of resources for 802.11e 
stations will be obtained.  
In each legacy station the transmission time and duration 
of ACK frame (assuming the lowest transmission rate 
1Mbps) are know. Hence the total occupation time of the 
packet transmission can be calculated. Applying this 
knowledge to the equation (2) a given legacy station can 
be restricted to do not overpass the Target Beacon 
Transmission Time (TBTT).  
 
T + Lpac/Rate + SIFS + Lack/1Mbps <= TBTT         (2) 

 
where T is the current time smaller than TBTT time. 
 
If the above condition holds, the legacy station can 
transmit its packets otherwise it stops the transmission 
and sets a new flag, called TX_enable, to disabled state 
(TX_enable = 0). As long as TX_enable is equal to zero 
the station stays in Idle state and waits for the next beacon 
frame that will enable TX_enable flag (TX_enable = 1). 
 
Although with condition (2) some control over the legacy 
stations is obtained, they still pose the risk to the QoS 
guaranties introduced by 802.11e supplement. Primarily 
as there is no admission control mechanism for DCF 
stations. Additionally, the station’s bandwidth 
requirements depend on currently used PHY layer, which 
is adjusted to maintain sufficient SNR ratio taking into 
account the varying channel conditions. For instance, for 
packet of size of 1024 octets, the PHY layer switch from 
11Mbps to 1 Mbps represents an increment in the 
bandwidth demand of approximately the 7 times.. In order 
to control this behaviour a restriction over condition (2) 
was made. The restriction introduced to the condition (2) 
applies a factor μ to the right hand side of the inequality, 
thus resulting in the following form: 
 
T + Lpac/Rate + SIFS + Lack/1Mbps <= TBTT * μ     (3) 
 
The factor μ takes values from (0, 1) interval. The value 
(1-μ) represents the percentage of available resources 
reserved for the use of IEEE 802.11e stations.  



 
By applying the inequality (3) to the legacy stations in a 
system where they coexist with the 802.11e stations and 
only contention period is considered, the beacon interval 
division shown in the Figure 3 is obtained.  

 
Figure 3 Contention period division between shared access 

and exclusive access for IEEE 802.11e stations 

The value of parameter μ may be static or may be 
adjusted dynamically. With the static value, there will 
always be a fix portion of time with shared access 
whereas dynamic adjustment allows allocating required 
transmission time according to the current system needs. 
On the other side, to dynamically modify parameter μ its 
value should be transmitted by AP every specified time in 
some frame (e.g. beacon frame). Then, a new Information 
Element to used frame’s body is required. 
 

 
Figure 4 IEEE 802.11 transmission steps 

One possible implementation of this algorithm is to 
introduce some intelligence to the Physical Layer 
Convergence Procedure (PLCP) layer allocated between 
MAC and PHY layers. The role of PLCP is to map the 
IEEE 802.11 MAC sublayer protocol data units (MSDU) 
into a framing format suitable for sending and receiving 
user data and management information between two or 
more stations using physical layer services.  

When all conditions for packet transmission are met the 
MAC layer issues a PHY-TXSTART.request message to 
the PLCP layer with transmit parameters included in 
TXVECTOR element, such as it is shown in Figure 4. 
The TXVECTOR for the PHY-TXSTART.request consist 
of the PLCP Header parameters SIGNAL (DATARATE), 
SERVICE, and LENGTH, and the PHY layer 
management parameters of TX_ANTENNA and 
TXPWR_LEVEL.  
Consequently, the PLCP entity issues the 
PMD_ANTSEL, PMD_RATE, and PMD_TXPWRLVL 
primitives to configure the physical layer. Afterwards, the 
PLCP sends a PMD_TXSTART.request and as a result 
the PHY entity immediately initiates the data scrambling 
and the transmission of the PLCP Preamble based on the 
parameters passed in the PHY-TXSTART.request 
primitive. To confirm the start of the transmission the 
PLCP entity sends PHY-TXSTART.confirm primitive to 
the MAC layer. The receipt of this primitive by the MAC 
entity causes the MAC to start the transfer of data octets. 
The transmission terminates with the final bit of the last 
MPDU octet or may be finished in advance by issuing 
PHY_TXEND.request primitive. 
The modifications that will allow us to control legacy 
stations consist of verifying TX_enable condition when 
PHY-TXSTART.request is received by the PLCP entity 
(marked in red in Figure 4). Whenever this condition is 
true, the PLCP proceeds with normal transmission. 
Otherwise it does not configure the PHY layer and does 
not send the PHY-TXSTART.confirm primitive to the 
MAC. Consequently, the MAC layer does not send 
packets down to the PLCP layer and after some 
delay/error notification station goes to the Idle state and 
waits for a beacon frame which will enable the 
TX_enable flag. 
 
 
4. Performance evaluation 
 
Simulations of the proposed reservation 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 [7], 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 web application with a reading time and 
a downloading time with exponential distribution each 
one. The reading time has an average value equal to 30 
seconds whereas in downloading time a web page of 
200kb is downloaded with 512kbps in DL and 256kbps in 
UL. Data packets follow Poisson distribution with 
interarrival time of 0.015625 in DL and 0.03125 in UL. 
The packet length assumes a truncated Pareto distribution 
with an average packet length of 1000 octets.  



Table 1 Contention parameters 

AC AIFSN CWmin CWmax TXOP-
default [s]

BE 2 31 1023 0.000 
VI 2 15 31 0.006 
VO 2 7 15 0.003 

 
The contention parameters used in all steps are shown in 
Table 1. Please notice that DCF contention parameters 
correspond to AC_BE.  
 
In all the simulation 7 voice and 7 video EDCA stations 
and increasing number of DCF web stations are 
considered. We also assume that EDCA stations work 
with 11Mbps PHY layer and two PHY layer modes are 
compared for the DCF access namely: 1Mbps and 
11Mbps. The parameter μ of our algorithm is assigned a 
static value of 0.15 for clarity of presentation.  
 
The delay and throughput performance of voice and video 
traffic is shown in Figure 5 and Figure 6. In these figures 
we deal with two cases: one with and another without 
reservation algorithm.  The characteristics are taken in the 
AP as it has the highest packet number and dispatches 
whole downlink traffic. Hence it represents the worst case 
situation for a competing node. The 95% confidence 
interval in performed experiments is bounded below 
±1,5% of represented mean values. 
In Figure 5 we see that the MAC delay (measured as a 
time from reception of a packet at MAC layer to its 
transmission) for video traffic is too large if there is just 
one web station working at 1Mbps (Video I). The delay 
for voice flows is beyond its limits (100 msec.) if more 
than 2 web stations transmit in the system (Voice I). 
When 11Mbps PHY layer is considered for DCF 
operation mode (Voice III and Video III) no problems are 
observed for voice traffics (within analysed set-up) and 
high delays for video flows are obtained if there are more 
than 10 web stations in the system.  
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Figure 5 EDCA MAC delay of voice and video traffics with 

and without reservation algorithm  

The difference in achieved delay between voice and video 
flows is mainly due to the traffic differentiation and 
prioritization provided by IEEE 802.11e standard.  
When the proposed reservation algorithm is used, that is  
only 15 per cent of available bandwidth is dedicated for 
shared access and rest is explicitly used by applications 
with QoS requirements,  we could see that neither voice 
nor video flows are affected by the increasing number of 
web stations (Voice II and Video II).  
The lost of QoS guarantees resulting from lack of control 
over the legacy stations can be also detected in throughput 
characteristics, as demonstrated in Figure 6. Although the 
average transmission rate of web application is of 6.6 
kbps, it is clear that with rate switch (from 11 Mbps to 
1Mbps) the bandwidth demand increases and as a result  
only 2 web stations can be supported in the system, with 
1Mbps transmission rate of DCF stations, without 
throughput degradation. If all stations work at fixed 
11Mbps PHY layer the system will work correctly with 
up to 10 web stations and for 5.5 Mbps and 2 Mbps PHY 
layers the number of web stations will range from 2 to 9. 
However, by limiting DCF bandwidth share (μ), total 
DCF traffic is restricted to the applied threshold and as a 
result the QoS guarantees are feasible in this new 
converged scenario.  
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Figure 6 AP throughput of voice and video traffics with and 

without reservation algorithm 

Other important limitation of the legacy WLAN system 
concerns uncontrolled delay of beacon frames. In IEEE 
802.11e stations are not allowed to transmit over TBTT. 
Hence if some scheduling mechanism is applied 
(normally on beacon interval basis) no addition delay is 
introduced due to beacon transmission time shift. 
However, in joint scenario this problem will still exist as 
shown in Figure 7.  From this figure we see that with 16 
web stations only 30 per cent of beacon frames are 
scheduled on time. This behaviour may result in serious 
synchronism problems for scheduling mechanism what 
can cause lost of QoS guarantees. Moreover, as the 
EDCA stations do not transmit any frame if they cannot 
finish the transmission before TBTT, in a shared EDCA, 
DCF scenario the above mentioned beacon delay is due to 
the DCF stations transmissions. 
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Figure 7 Cumulative distribution function of beacon delay 

without reservation algorithm 

Therefore, with sufficiently high number of DCF stations 
all beacon frames could be delayed. Apart from that, the 
delay depends on the packet size and in its maximum can 
reach up to 20ms if packet with maximum allowed size is 
sent. In contrast, in the case with reservation algorithm 
there are no beacon delays as transmission from DCF 
stations is controlled by expression (3).  
According to presented results, we can conclude that the 
use of reservation mechanisms mitigates the degrading 
effects of the legacy stations over the QoS support 
provided by IEEE 802.11e standard. 
 
 
5.  Conclusion 

 
This work presents a study on the QoS protection for 
IEEE 802.11e stations in a shared EDCA, DCF scenario 
assuming only one QBSS. First of all, the paper 
summarises the impact in terms of QoS due to the 
limitations of the legacy standard. Later, an innovative 
solution, which requires minimum modifications on the 
Physical Layer Convergence Procedure (PLCP) layer and 
copes with the above mentioned drawbacks, has been 
described and its performance results provided.  
The future work in this issue will concentrate on dynamic 
reservation of required resources and introduction of 
some differentiation and prioritisation capabilities for the 
legacy stations with final objective to provide QoS 
support in combined system architecture. 
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