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Abstract— The transmission opportunity (TXOP) is a novel 
mechanism, proposed by Task Group “e”, for burst packet 
transmission within IEEE 802.11 wireless networks. However, 
its use is not optimized. In this paper an Enhanced TXOP 
scheme is proposed to exploit more effectively TXOP limits and 
increase system efficiency.  The performance of ETXOP is 
evaluated from simulation based studies realized by means of 
simulator developed in OPNET platform. 
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I. INTRODUCTION 
Nowadays, Wireless Local Area Networks (WLANs) and 

in particular the IEEE 802.11 technology gives wireless 
access to the Internet and support for data communication in 
both public (hotspots) and private areas. Therefore, the best 
effort service support provided by the legacy standard IEEE 
802.11 seems sufficient to satisfy the requirements of these 
applications. However, the increasing popularity of new real 
time applications, like VoIP or IPTV streaming that are delay 
sensitive or require bandwidth guarantees, influenced on 
further development of IEEE 802.11 technology. 
Consequently, a Task Group, called “e”, (TGe) was 
specifically formed by IEEE with the objective of defining 
QoS enhancements for IEEE 802.11 WLAN systems. 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 modes: Enhanced Distributed Channel Access 
(EDCA) and HCF Controlled Channel Access (HCCA) [1]. 
Both new operation techniques are compatible with the 
legacy IEEE 802.11 DCF and PCF schemes and provide 
different QoS provisioning methods.  

In this paper we focus on the EDCA, contention based 
channel access, and its QoS improvements. Mainly, we 
concentrate on the performance of enhancement achieved by 
using the transmission opportunity (TXOP) scheme. The 
TXOP modifies the standard transmission procedure by 
allowing multiple packet transmission on single channel 

access. Accordingly, a station is allowed to send a number of 
consecutive packets limited by the duration of allocated 
TXOP. However, some inefficiency of TXOP scheme may 
be observed when, due to the lack of sufficient number of 
packets in a winning queue, just one packet is sent within 
assigned TXOP limit. Consequently, only some part of 
reserved time is used. Therefore, for take as much as possible 
advantage of the collision free and contention free 
transmission provided by TXOP we propose to use an 
Enhanced TXOP method that dedicates the remaining TXOP 
time for the retransmissions of collided packets and/or the 
transmission of packets from real time application queues.  

 

The rest of the paper is organized as follows: Section II 
summarizes the enhancements of the legacy MAC as 
proposed in IEEE 802.11e standard [1]. The comprehensive 
study of EDCA – TXOP and Enhanced TXOP schemes is 
presented in Section III. Section IV follows with evaluation 
of proposed mechanism and finally, Section 5 concludes the 
paper. 

II. IEEE 802.11E ENHANCEMENTS 
The IEEE 802.11e specifications, [1], address the 

limitations in QoS provision of the legacy standard. Within 
the new standard the access to the medium is controlled by 
the Hybrid Coordination Function (HCF) which defines two 
access modes: contention based (CP) called Enhanced 
Distributed Channel Access (EDCA) and contention free 
(CF) called HCF Controlled Channel Access (HCCA).  

The EDCA copes with QoS shortcomings of the 
Distributed Coordination Function (DCF) access mechanism 
of the legacy MAC as described in [2]. By means of the 
Access Categories (AC) concept, the proposed enhancements 
allow traffic differentiation between different classes and 
prioritization using a new independent Enhanced Distributed 
Channel Access Function (EDCAF). The EDCAF is an 
enhanced version of DCF with specific contention window 
and Inter Frame Space (IFS) times for different ACs. Each 
station supports four ACs with different QoS expectations 
(AC_VO for voice traffic, AC_VI for video traffic, AC_BE 
for best effort traffic and AC_BK for background traffic). In 
fact the ACs provide support for the delivery of traffic with 
up to eight user priorities (UP). Consequently, the incoming 



packets are mapped to corresponding AC depending on their 
QoS requirements as shown in Fig. 1. Prioritization in this 
access mode is reached by assigning different values of 
following contention parameters to each AC: 

 
Figure 1.  EDCA mechanism 

AIFS – Arbitration Interframe Space value defines the 
free time interval before the back-off stage. The value of 
AIFS may be changed by means of 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 from the  DCF mode. 

In the case of non-AP QoS aware stations (QSTA), the 
value of AIFSN[AC] 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 
back-off values before starting the transmission. CW is 
defined by means of its minimum and maximum size. Then, 
selecting a CW value within a small maximum and minimum 
range provides at the AC with higher priority. 

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 shown 
in [3].  

The main principles of the EDCA access are similar to 
those of the DCF. Each EDCAF represents a separate DIFS 
mechanism thus after detecting the medium idle for an AIFS 

time, a back-off deferral process take place and when reaches 
zero transmission begins. If in a given station, two or more 
EDCAFs finish their back-off at the same time instant, then 
the so called virtual collision take place. In such situation the 
EDCAF with the highest priority (AC) is allowed to transmit 
whereas lower priority ACs behave as if they experience a 
“collision” and thus they need to increment their CWmax 
range.  

Another enhancement introduced by IEEE 802.11e 
standard copes with uncontrolled packet transmission time of 
the legacy stations’ packets and is referred to as 
Transmission Opportunity (TXOP).  The principle of TXOP 
mechanism is to allow, for the station that won the channel 
access, the transmission of multiple packets, within assigned 
time limit, separated by SIFS intervals. A TXOP can be 
obtained through contention in EDCA or be assigned by AP 
in HCCA. 

 

The HCCA mechanism uses a QoS-aware centralized 
coordinator called hybrid coordinator (HC) to provide QoS 
guarantees and represents an improved version of PCF mode 
of the legacy standard. Main improvements of the HCCA 
concerns on the introduction of a new concept called 
Controlled Access Phase (CAP) that provides contention-free 
transfer of QoS data. The CAP is a period of time during 
which the HC controls the medium by means of carrier sense 
mechanism and may allocate TXOP to itself and other 
QSTAs. The CAP is scheduled after the medium is sensed 
idle for a PIFS time interval and ends when the HC does not 
reclaim the channel after a PIFS interval at the end of a 
TXOP time. The contention free period (CFP) of the legacy 
standard is considered a CAP, even though it is generated 
optionally by HC. Moreover, CAPs can be generated at any 
time even in CP to meet QoS requirements of particular 
services. 

III. TXOP AND ETXOP SCHEMES FOR CONTENTION ACCESS 
The concept of packet bursting is widely used for data 

transmission. However for CSMA/CA based networks it was 
first proposed in [4] as a packet frame grouping scheme to 
improve the performance of systems dealing with small 
packets. It is included in the IEEE 802.11e standard [1], and 
it is referred as TXOP mechanism. 

The principle of TXOP bursting is to allow multiple 
packet transmission at the station that wins the channel 
access. The maximum size of the burst is controlled by the 
TXOP limit parameter that specifies the time that can be 
designated on packet exchange sequence. This parameter is 
obtained from the QoS parameter set allocated in the beacon 
frame for EDCA mode, controlled by HC in HCCA mode 
and sent to QSTA station in Poll frame. During TXOP period 
only packets from the same AC are sent and successive 
packets are separated by SIFS interval as shown in Fig.2. 
Since SIFS interval is used for packet separation, the other 
station cannot gain channel access, because they have to wait 
at least DIFS interval. The station ends its TXOP burst once 
it does not have more packets to be transmitted in the queue 
belonging to the winning AC, or when there is not enough 



free space for the next packet exchange (QoS Data + ACK) 
or when the packet transmission fails.  

The TXOP option is advantageous because the 
contention overhead is shared between all the packets 
allocated within the burst. Therefore, higher efficiency and 
lower delays can be obtained, such as discussed in references 
[2][5]. Moreover, the TXOP option also increases fairness 
between queues of the same AC and different packet size as 
medium occupation time is characterized by TXOP duration.  

 

 
Figure 2.  TXOP mechanism for EDCA access 

However, a station can waste the TXOP advantages when 
within a winning AC queue there are an insufficient number 
of packets to fill the assigned TXOP limit. Certainly, in that 
situation the station must end this TXOP burst once there are  
not more packets to be transmitted in the queue, although it 
could have packets to be transmitted in other queues of the 
station. That is, the station only sends packets from the 
winning AC, thus wasting the resting time within the won 
TXOP period. That results in a decrease of the effectiveness 
of the TXOP mechanism and, in consequence, a reduction of 
the achievable maximum saturation throughput. Moreover, 
additional overhead (back-off process) is needed for the 
packets transmissions from other AC. This can be clearly 
demonstrated by analysing saturation throughput of a single 
station defined by the equation (2) and extracted from [6]: 
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Where S is the normalized system throughput, E[P] is the 
average packet payload size, TS is the average channel 
holding time in case of successful transmission, σ is the slot 
time and W is a size of a contention window.   

If multiple packets can be sent on a single channel 
access, then the following changes should be introduced in 
(2):  

• The nominator, E[P], can be replaced by L, 
understood as the transmitted average payload and 
defined as: 
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where TXOP/TS represents the number of packets that 
can be allocated within one TXOP transmission interval.  

• The channel holding time, Ts, can be replaced by 
TXOP duration 

• The time spent in the back-off process remains 
unchanged 

Consequently, the saturation throughput for a single 
station implementing TXOP scheme is given as: 
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When comparing equation (2) and (4) it can be seen that 
for sending N=(TXOP/TS) packets when using TXOP 
mechanism only one back-off process (σ∗(W-1)/2) is needed 
whereas without TXOP bursting option N back-off processes 
(σ∗(W-1)/2) should be done. Therefore, assuming that the 
TXOP time is always completely used, the higher TXOP 
value is the higher system efficiency and throughput are 
achieved. This brief analysis is also valid in situations with 
greater number of stations, however back-off deferral will 
depend on more factors like: transmission probability and 
maximum back-off stage and besides that collision duration 
should be considered in calculation of total transmission 
time. Therefore to assure the maximum performance of 
TXOP mechanism, the allocated TXOP time should be 
completely used, which is not the case in the current standard 
proposal.   

Then to achieve maximum system efficiency and 
throughput we propose an Enhanced TXOP (ETXOP) 
scheme that uses the remaining TXOP time for the 
retransmissions of collided packets and/or transmissions of 
packets from other ACs with real time applications. Hence, 
when all legitimate packets are sent within assigned TXOP 
and there is still some room available, the station verifies if 
there is any pending retransmission or normal transmission 
in other high priority AC (e.g. AC_VO or AC_VI). If there 
are pending some packets then first retransmission packet are 
sent if they fit within the resting time of TXOP. In case of 
lack of retransmission packets then packets from other real 
time AC’s queues can be sent up to complete the TXOP 
time. Moreover, if while transmitting a packet from other AC 
different than the one that won TXOP a packet arrives to the 
legitimate AC, then this packet is the next to be sent within 
the current TXOP burst, if there is sufficient room for it.  

The ETXOP mechanism is restricted only to the high 
priority ACs, that manage transmissions of time sensitive 
applications, in order to do not introduce additional delay 
from transmissions of packets from lower AC. Proposed 
enhancement improves system performance as the additional 
packets will not experience any collision since no other 
station can access the medium until it is released by the 
winning node. Moreover, these additional packets will only 
wait a SIFS interval before being transmitted. This fact is 
very important when concerning retransmissions from 
queues with real time traffic, because if these packets 
experience too high delay they will be discarded and hence 
QoS will be affected. Furthermore, to avoid unfairness issues 



between the QSTAs that implement ETXOP scheme and 
those QSTAs that follows the IEEE 802.11e standard 
directives, the ETXOP mechanism should be used only in 
QAP. In addition, by implementing ETXOP only in QAP the 
unfairness between downlink and uplink, as described in [7], 
can be narrowed. 

IV. ENHANCED TXOP ANALYSIS 
In the first scenario we analyse the difference between 

the saturation throughput of a single station if it is allowed to 
send 2 packets and 4 packets within the won TXOP limit. In 
this scenario one IEEE 802.11e station is considered working 
at 11Mbps PHY layer. It is generating a load of 10Mbps with 
packets of a constant size of 800Bytes. Packets correspond to 
the AC_VI, which relevant parameters are: AIFSN = 2, 
CWmin = 15 and CWmax = 31. The achieved throughput is 
shown in Fig. 3.  
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Figure 3.  Saturation throughput 

According to the Fig. 3 when station sends 4 packets 
within TXOP interval the saturation throughput is 200 kbps 
(4%) higher than the throughput when just 2 packets could 
be sent. This achieved gain demonstrates that when 
optimizing the use of won TXOP, like with ETXOP scheme, 
better system efficiency can be reached. 

In the second experiment a heavy load situation with 
many stations is considered. The service mix distribution 
proposed in EVEREST project [8] was assumed. Under the 
coverage area of the QoS Access Point, 10 voice stations, 2 
video stations and 3 web stations were allocated. The voice 
traffic is generated by means of a G.729 A/B VoIP 
application with transmission rate of 24kbps. To model the 
video stream a Group of Pictures (GOP) of 12 was used with 
25 frames per second and 128 kbps transmission rate in 
downlink and 16 kbps in uplink. The traffic model for web 
traffic considers exponential inter-arrival time between 
packets and truncated Pareto distribution for packet size with 
128 kbps average transmission rate for downlink and 32 kbps 
for uplink direction. 

The EDCA model used in simulations was developed in 
OPNET platform according to the IEEE 802.11e standard 
[1]. All stations work with 11 Mbps PHY layer with EDCA 
contention parameters presented in Table I.  

TABLE I.  EDCA CONTENTION PARAMETERS 

AC AIFSN CWmin CWmax TXOP 

BE 3 31 1023 0.000 
VI 2 15 31 0.006 

VO 2 7 15 0.003 

 
Fig. 4 compares the overhead introduced by back-off 

process in the set-up where legacy TXOP procedure is used 
and where our ETXOP solution is implemented. The 
overhead is calculated as a sum of upper limits of contention 
window interval of each back-off process. In Fig. 4 we can 
clearly see that back-off process overhead is smaller in the 
case with ETXOP scheme. Therefore higher channel 
efficiency is possible when using our TXOP enhancement.  
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Figure 4.  Back-off process overhead 

The observed reduction of the back-off overhead results 
from the fact that, with ETXOP mechanism, higher number 
of packets on average is sent during the defined burst 
transmission interval (TXOP time). In Table II the 
comparison of efficiency improvement due to the complete 
use of won TXOP burst as well as the reduction on the 
average queue size are given. As Table II shows, the 
efficiency of ETXOP scheme for AC_VI reaches 45.2 % 
what is nearly 2.4 times more than when using standard 
TXOP option.  

TABLE II.  COMPARISON OF EFFICIENCY OF USE OF TXOP INTERVAL 
AND AVERAGE QUEUE SIZE OF STANDARD AND ENHANCED OPTION OF 

TXOP. 

Efficiency [%] Avg. Queue Size [pkts]  
TXOP ETXOP TXOP ETXOP 

AC_VO 35.0 37.3 2.43 1.42 
AC_VI 18.9 45.2 0.58 0.53 
AC_BE - - 1282.72 747.53 

 
The observed increase in efficiency is caused by the 

voice packets that were sent in AC_VI TXOP burst taking 
advantage of resting TXOP time. Consequently, lower 
average queue size was also achieved for AC_VO and as a 
result the system collision rate decreases form 172.66 to 
163.21 collisions per second. Moreover, due to generally 
better resource management, some improvement of the best 
effort AC_BE metrics was also observed, for instance in 
term of average queue size (see Table II). 



In Fig. 5 the cumulative distribution function of QAP 
MAC delay for the AC_VO queue is presented. In this figure 
we see that downlink MAC delay for voice application is 
lower with ETXOP mechanism, confirming the results 
shown in Table II.  

 
Figure 5.  QAP MAC delay for voice AC 

Although additional voice packets are sent within AC_VI 
TXOP burst video traffic is no disturbed by this behaviour. 
In fact, (see Fig. 6), the MAC delay of the video traffic also 
decreases as there are less virtual collision with voice packets 
(in such virtual collision the voice packets are the winner 
because its high priority Access Category). Notice that, the 
lower number of virtual collisions between voice and video 
packets results from reduction of voice contending packets as 
they were sent without contention within TXOP burst of 
video traffic. 

 
Figure 6.  QAP MAC delay for video AC 

Although ETXOP is implemented in downlink direction 
the uplink flows are also affected positively by its 
introduction (see Table III) and as a result their average 
delay slightly decreases. 

 

 

 

 

TABLE III.  MAC LAYER END TO END DELAY OF UPLINK FLOWS FOR 
95% OF CASES. 

MAC layer E2E delay [s]  TXOP ETXOP 
AC_VO 0.014677 0.014489 
AC_VI 0.032627 0.030188 
AC_BE 0.529721 0.520379 

 

Moreover, the use of ETXOP procedure in QAP results 
in an effective higher priority with respect to other stations 
due to more efficient use of the TXOP interval. This is an 
advantageous condition when downlink traffic is superior to 
uplink and there are many stations competing for channel 
access. 

V. CONCLUSIONS 
This work has discussed about the inefficiencies of the 

TXOP mechanism proposed in recently finalized IEEE 
802.11e standard and has proposed a new Enhanced TXOP 
solution to optimise the use of TXOP option and as a result 
to improve system performance. The accomplished 
investigation has demonstrated that a more efficient use of 
TXOP burst, obtained by means of the proposed ETXOP 
procedure, reduces the back-off overhead resulting in an 
improvement of the resource utilization and hence a better 
QoS provision. Moreover, ETXOP scheme may be 
considered as an useful mechanism for increasing the QAP’s 
priority. 
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