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A Cross-Layer Mapping Unequal Error Protection (CLM-UEP) mechanism is proposed for
video streaming over IEEE 802.11e wireless networks. In the proposed approach, the trans-
mitted video frames are assigned a different number of redundant packets in accordance
with their video coding significance. An adaptive cross-layer mapping algorithm is then
applied in the Media Access Control (MAC) layer to map the video and redundant packets
to appropriate Access Category (AC) queues based on their coding significance and the net-
work load. The numerical results show that the UEP mechanism provides an effective pro-
tection against wireless transmission losses. Moreover, the CLM algorithm maximizes the
utilization efficiency of the AC queues and minimizes network congestion. As a result, a
significant improvement is obtained in both the Playable Frame Ratio (PFR) and the peak
signal-to-noise ratio of the transmitted video.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Wireless network technology has advanced rapidly in
recent years and is now widely regarded as the method
of choice for surfing the Internet, receiving and sending
e-mails, listening to music, watching video streams, and
so on using notebooks, mobile phones or other handheld
devices. However, IEEE 802.11, which is one of the most
widely used wireless network technologies in the world,
provides only limited Quality of Service (QoS) support.
Accordingly, the IEEE 802.11e standard [1] has been pro-
posed with an improved ability to support differentiated
services by means of multiple MAC layer queues with
different access priorities.
. All rights reserved.
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Due to the effects of channel fading, scattering and
interference, the packet loss rate in wireless channels is
higher than that in wired networks. Thus, for applications
such as video streaming, the perceived quality of the re-
ceived content is significantly reduced [2–7]. Accordingly,
the literature contains many proposals for mitigating the
effects of packet losses in wireless networks. For example,
in the Automatic Retransmission reQuest (ARQ) scheme
[8,9], the sender retransmits the frames/packets at regular
intervals until it receives an acknowledgment message
from the receiver or has performed a pre-specified number
of retransmissions. However, ARQ results in a large
transmission delay, and is therefore unsuitable for delay-
sensitive applications such as video streaming. In the For-
ward Error Correction (FEC) scheme [10–14], additional
packets are injected into the network together with the
source packets such that the receiver can correct errors
once they are detected without the need for retransmis-
sions. However, FEC does not provide a priority protection
service. In other words, all of the frames/packets transmit-
ted by the sender are assigned the same level of protection,
irrespective of their coding significance.
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Fig. 1. Four access categories in IEEE 802.11e.
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In video coding formats such as MPEG-4 and H.264, the
video frames are assigned differing levels of importance in
accordance with the coding dependency between them.
For example, intra-frames are regarded as being more
important than inter-frames. Several researchers have
exploited this fact to improve upon the limitations of the
traditional FEC method by developing Unequal Error Pro-
tection (UEP) mechanisms to support loss recovery utiliz-
ing different redundancy rates. For example, Shih and
Tsai [15] proposed a slice-based UEP mechanism which
provides UEP at the Macroblock (MB) level. However,
slice-based UEP mechanisms are unsuitable for applica-
tions such as real-time video streaming since the process-
ing time required to distinguish the significance of each
MB in each frame leads to an unacceptable delivery delay.
In [16,17], Ha et al. proposed a layer-based UEP scheme in
which a greater degree of protection is provided to the
base layer. While the results showed that the scheme
yields a significant improvement in the perceived quality
of the received video, it is applicable only to scalable video
streaming applications. Wu et al. [18] proposed a frame-
based UEP mechanism designed to provide the optimal
degree of redundancy for each video frame. However, the
effects of network congestion were not considered.

Accordingly, this paper proposes a Cross-Layer Mapping
with Unequal Error Protection (CLM-UEP) mechanism to
improve the quality of video streaming over IEEE 802.11e
wireless networks. In the proposed approach, a UEP con-
troller is applied at the application layer to assign a differ-
ent level of protection to frames of different types in
accordance with the current packet loss rate. A CLM algo-
rithm is then applied at the MAC layer to allocate the coded
video packets to an appropriate AC queue. Notably, the
CLM algorithm provides an adaptive mapping function.
That is, when a higher priority queue is almost full, the
CLM algorithm directs incoming packets to a lower priority
queue in order to avoid congestion losses.

The remainder of this paper is organized as follows. Sec-
tion 2 reviews the IEEE 802.11e standard, the MPEG-4 vi-
deo structure and the basic concepts of FEC and UEP. In
addition, the related work is reviewed and the contribu-
tions of the present study defined. Section 3 outlines the
proposed CLM-UEP mechanism and illustrates the analyti-
cal model used to evaluate the Playable Frame Ratio at the
receiver end. Section 4 presents and discusses the simula-
tion results. Finally, Section 5 provides some brief conclud-
ing remarks and indicates the intended direction of future
research.

2. Related works

2.1. IEEE 802.11e EDCA

The IEEE 802.11e EDCA (Enhanced Distributed Channel
Access) function defines four Access Categories (ACs), each
with four key parameters, namely the Arbitration Inter-
Frame Space Number (AIFSN), the minimum Contention
Window size (CWmin), the maximum Contention Window
size (CWmax), and the Transmission Opportunity limit
(TXOPlimit). As shown in Fig. 1, the four ACs are used for
different types of network traffic, namely AC_VO (voice
traffic), AC_VI (video traffic), AC_BE (best effort traffic)
and AC_BK (background traffic). Furthermore, as shown
in Table 1, to support traffic streams with different QoS
requirements, the four ACs are assigned different access
priorities and different values of the four key parameters
For example, the AC_VO channel has the smallest values
of the AIFS, CWmin and CWmax parameters; and therefore
has the greatest probability of gaining access to the wire-
less medium. Moreover, the higher priority ACs have a
longer TXOPlimit, i.e., a bounded interval defined by the
starting time and a maximum duration, during which a
station is permitted to transmit multiple frames [19,20].
2.2. MPEG-4 overview

In MPEG-4 video coding, the encoded video stream
comprises a series of consecutive Group of Picture (GOP)
each of which contains a series of consecutive frames. Each
GOP comprises three different types of frame, namely I-
frames, P-frames and B-frames. The I-frames (intra-coded
pictures), are coded independently of any of the other
frames in the GOP. By contrast, the P-frames (predictive
coded pictures), are coded based on information relating
to the previous I- or P-frame. In other words, if the previ-
ous I- or P-frame cannot be recovered, the P frame is also
undecodable. Finally, the B-frames (bi-directionally predic-
tive coded pictures) are coded based on information relat-
ing to the previous or subsequent I- or P-frame. Thus, if the
previous or subsequent I- or P-frame cannot be recovered,
the B frame is also unrecoverable.

The GOP structure is annotated as G (N, M), where N is
the I-to-I frame distance and M is the I-to-P frame distance.
For example, the structure of the GOP shown in Fig. 2, com-
prising one I-frame, two P-frames and six B-frames, is
annotated as G (9, 3). Due to the coding dependency of
MPEG-4, packet losses within an I- or P-frame may result



Table 1
IEEE 802.11e EDCA parameter set [1].

Priority Access category Designation AIFSN CWmin CWmax TXOPlimit

High AC_VO Voice 2 7 15 0.003008
" AC_VI Video 2 15 31 0.006016
; AC_BE Best effort 3 31 1023 0
Low AC_BK Background 7 31 1023 0

Fig. 2. Typical MPEG group of picture (N = 9 and M = 3).

Fig. 4. Unequal Error Protection (UEP) loss recovery mechanism.
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in more than one frame (or even an entire GOP) being lost.
However, the loss of a B-frame has no significant effect on
the quality of the received video [21,22].

2.3. FEC and UEP mechanisms

In the traditional FEC loss recovery mechanism, the k
source packets are encoded on the sender side into n pack-
ets, as illustrated in Fig. 3. In other words, a total of (n � k)
redundant packets are added to the original source packets
and injected into the network. Thus, the original source
packets can be successfully recovered at the receiver side
provided that a minimum of k packets are received, irre-
spective of whether the received packet are source or
redundant packets.

The Unequal Error Protection (UEP) mechanism pro-
posed in [18] provides a differential level of protection to
different frames in accordance with their relative coding
importance. In MPEG-4 video streaming, the frames are
ranked in order of diminishing importance as follows: I-
frame > P-frame > B-frame. Consider the example shown
in Fig. 4, in which an I-frame is fragmented into five pack-
ets, while the P- and B-frames are fragmented into three
and two packets, respectively. In accordance with the
UEP mechanism proposed in [18], three redundant packets
are added to the I-frame, two redundant packets are added
to the P-frame, and one redundant packet is added to
the B-frame. In other words, the UEP mechanism enhances
the probability of the more critical frames being
Fig. 3. Forward Error Correction (FE
successfully recovered by scaling the degree of redundancy
accordingly.

In practice, the importance of the data transmitted by
the sender can be considered at different levels of the data
structure, and thus various UEP mechanisms have been
proposed, including slice-based [15], layer-based [16,17]
and frame-based [18]. Shih and Tsai [15] proposed a UEP
scheme in which each video frame was divided into Mac-
roblocks (MBs), and the MBs were then mapped to slice
groups (SGs); each with a different degree of protection.
However, determining the optimal mapping of the MBs
to the SGs is computationally complex, and the resulting
delay reduces the quality of the received video stream.
Ha et al. [16,17] proposed a layer-based UEP scheme for
scalable video streaming applications. In scalable video
streaming, the video stream is divided into several layers,
i.e., the base layer and a number of enhancement layers.
The base layer is more important than any of the enhance-
ment layers since if the base layer is not decodable, none of
the enhancement layers can be decoded either. Conse-
quently, in the scheme proposed in [16,17], a higher level
of protection was assigned to the base layer. However, in
the event of network congestion, it is difficult for
layer-based UEP schemes to drop the packets in the order
of the coding importance due to the layered architecture
of the coded video stream. Wu et al. [18] proposed a
frame-based UEP scheme, designated as Adjust Forward
C) loss recovery mechanism.



Fig. 5. System overview of CLM-UEP mechanism.
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Error Correction (AFEC), to provide the optimal degree of
redundancy for each video frame in TCP-Friendly MPEG
streaming. However, AFEC ignores the effects of network
congestion and the bit rate constraint in TCP-Friendly
schemes.

2.4. Queue mapping mechanisms

When transmitting video traffic, IEEE 802.11e always as-
signs the video packets to the AC_VI queue. In the event
that the AC_VI queue is almost full, incoming video packets
are simply dropped; even if space is available at the other
AC queues. Ksentini et al. [23] proposed a static mapping
algorithm to support the provision of differentiated QoS
services and to avoid congestion at the AC_VI queue by
mapping the incoming video packets to different ACs in
accordance with their coding significance. Specifically, the
I-frames/packets, P-frames/packets, and B-frames/packets
were mapped to the AC_VI, AC_BE and AC_BK queues,
respectively. However, the static mapping approach results
in a poor utilization of the AC queue space. For example, if
the AC_VI channel has only a light load (i.e., the queue is al-
most empty), the P-frame and B-frame packets are still
mapped to the lower priority queues, and thus their trans-
mission is unnecessarily delayed. Thus, in [21], an adaptive
cross-layer mapping scheme was proposed in which the vi-
deo packets were mapped dynamically to the most appro-
priate AC queue in accordance with both their coding
significance and the network traffic load in the MAC layer.

2.5. Contributions of present study

The major contribution of the present study is to pro-
pose Cross-Layer Mapping Unequal Error Protection
(CLM-UEP) mechanism for improving the quality of video
transmissions over IEEE 802.11e WLANs. The literature
contains many proposals for unequal error protection
schemes [15–17], which provide different redundancy
rates for different types of video data in video streaming.
However, the literature [15–17] does not take the effects
of the network traffic load on packet loss into consider-
ation. In the proposed approach, the CLM-UEP mechanism
mitigates the effects of wireless transmission losses by
applying a differential level of protection to the individual
frames based on their coding significance. Moreover, the
CLM-UEP algorithm maximizes the utilization efficiency
of the AC queues and reduces network congestion by
dynamically mapping not only the video packet, but also
the redundancy packets to an appropriate queue in accor-
dance with both their coding significance and the traffic
load in the MAC layer. By adopting this approach, the
CLM-UEP mechanism significantly improves the video
quality and the utilization of AC queues.

3. Cross-layer mapping with unequal error protection
mechanism

3.1. System overview

The aim of the CLM-UEP mechanism proposed in this
study is to mitigate the effects of wireless transmission
errors and congestion losses in the streaming of video data
over IEEE 802.11e WLANs. As shown in Fig. 5, the CLM-UEP
mechanism comprises two major components, namely a
UEP controller and an adaptive mapping algorithm. The
UEP controller determines the type of each frame in the vi-
deo stream by inspecting the ‘‘Frame_Type’’ header field at
the application layer. For each frame, the controller then
determines the optimal redundancy rate in accordance
with the feedback packet loss rate, the structure of video
stream and the results obtained from an analytical model
of the Playable Frame Ratio (PFR) (see Section 3.2.1). Final-
ly, the adaptive mapping algorithm dynamically maps the
coded video packets to an appropriate AC queue at the
MAC layer in accordance with the frame type and the cur-
rent load at each queue.

3.2. CLM-UEP mechanism

3.2.1. Analytical model of playable frame ratio with unequal
error protection

As described above, the proposed UEP mechanism
determines an appropriate degree of redundancy for each
frame type utilizing an analytical model of the PFR. In
the FEC error recovery process, the k source packets are en-
coded on the sender side into n packets. The original source
packets can be successfully recovered at the receiver side
provided that a minimum of k packets are received, irre-
spective of whether the received packet are source or
redundant packets. Accordingly, the block recovery rate
(F) [11] is given as

F ¼
Xn

i¼k

Cn
i � ð1� pÞi � pn�i; ð1Þ

where p is the packet loss rate and Cn
i denotes all possible

combinations of i packets successfully received in a whole
block. (Note that the various notations used in the analytical
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Fig. 6. Sequence numbers of video frames in typical GOP.
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model of the PFR are summarized in Table 2.) Based on Eq.
(1) and taking the coding dependency into account, the
recovery rate of each I-frame is given as

FI ¼
XnI

i¼kI

CnI
i � ð1� pÞi � pnI�i; ð2Þ

where nI is the number of I-frame packets in one block.
Meanwhile, the recovery rate of each P-frame is given as

FPðjÞ ¼ FI �
XnP

i¼kP

CnP
i � ð1� pÞi � pnP�i

" #
; ð3Þ

where nP is the number of P-frame packets in one block
and FP(j) is the recovery rate of the jth P-frame in the GOP.

As described earlier, the B-frames in each GOP are
coded using information relating to the previous or subse-
quent I- or P-frame. Consider the GOP shown in Fig. 6, with
a structure of IBBPBBPBB. Let the sequence numbers of the
frames within the GOP be assigned as follows:
IB1B2P1B3B4P2B5B6. B1 and B2 are referring to I-frame and
P1 frame. In the same GOP, P1 frame is decodable based
on I frame decodable or not. Accordingly, the recovery rate
of B1 and B2 frame is indirectly determined by P1 frame.
The recovery rate of each B-frame in the GOP is given as:

FB1 ¼ FB2 ¼ FP1 �
XnB

i¼kB

CnB
i � ð1� pÞi � pnB�i

" #

FB3 ¼ FB4 ¼ FP2 �
XnB

i¼kB

CnB
i � ð1� pÞi � pnB�i

" #

FB5 ¼ FB6 ¼ FP2 �
XnB

i¼kB

CnB
i � ð1� pÞi � pnB�i

" #
� FI next:

ð4Þ

In other words, two different recovery rates can be defined
for the B-frames in the GOP, namely

FBðjÞ ¼

FBx ¼ FP j
M�1ð Þ �

XnB

i¼kB

CnB
i � ð1� pÞi � pnB�i

" #

FBy ¼ FP j
M�1�1ð Þ �

XnB

i¼kB

CnB
i � ð1� pÞi � pnB�i

" #
� FI nex

8>>>>><
>>>>>:

ð5Þ

where FBy is the recovery rate of the last set of B-frames in
the GOP and FBx is the recovery rate of the other B-frames
in the same GOP.
Table 2
Notations used in PFR model.

p Packet loss rate
nI, nP, nB Total number of I, P and B frame packets

(both source and redundant) in a block
kI, kP, kB Number of I, P and B frame source packets

in one block
FI Recovery rate of I-frame
FP(j) Recovery rate of number jth P-frame
FB(j) Recovery rate of number jth B-frame
M I-to-P frame distance
N I-to-I frame distance
NI, NP, NB Number of I, P and B frames in a GOP
Collectively, Eqs. (2), (3) and (5) enable the total num-
ber of decodable frames within a GOP to be determined.
The PFR of the video stream with UEP protection can then
be evaluated as

PFR ¼
FI � NI þ

PN
M
�1

j¼1
FpðjÞ

N
M�1

� NP þ
PN�N

M
j¼1

FBðjÞ

N�N
M
� NB

NI þ NP þ NB
: ð6Þ

Finally, the UEP controller could determines the redun-
dancy rate for each video frame based on the Eq. (6) in accor-
dance with both the feedback packet loss rate (p) and the
video structure to support the QoS of video streaming.

3.2.2. Adaptive queue mapping of video packets
In order to provide a higher transmission priority to the

more important video packets, the CLM-UEP mechanism
utilizes an adaptive mapping algorithm to dynamically
map the individual source and redundant packets to an
appropriate AC queue in accordance with their coding sig-
nificance and the traffic load. (Note that the redundant
packets are assumed to have the same degree of coding
significance as the corresponding source packets.) The
mapping algorithm utilizes the parameter Prob_TYPE, re-
ferred to hereafter as the downward mapping probability,
to define the probability of a particular video packet being
mapped to a lower priority AC queue when the queue to
which the packet would ideally be allocated is nearly full.
The downward mapping probabilities of the less significant
video frames are assigned a higher value than those of the
more important video frames. In other words, the down-
ward mapping probabilities of the video frames in the
GOP are ordered as follows: Prob_B > Prob_P > Prob_I. As a
result, the frames with a greater coding significance are as-
signed to a queue with a higher priority than those with a
lower coding significance, and have an increased probabil-
ity of accessing the wireless medium as a result.

In addition to the Prob_TYPE parameter, the mapping
algorithm utilizes two parameters to minimize conges-
tion-induced losses, namely threshold_low and
threshold_high.

Prob New¼ Prob TYPE� qlenðACðNÞÞ� threshold low
threshold high� threshold low

: ð7Þ

As shown in Eq. (7), the predefined downward mapping
probability of each video frame type (Prob_TYPE) is
adjusted adaptively based on the relationship between
the current queue length and the assigned threshold val-
ues. (Note that the various notations used in the adaptive
cross-layer mapping algorithm are summarized in Table



Table 3
Parameter notations in proposed adaptive mapping algorithm.

Prob_TYPE Downward mapping probability of each type of
video packet, i.e., Prob_I, Prob_P or Prob_B

Prob_New New downward mapping probability
threshold_low Lower threshold of queue length
threshold_high Upper threshold of queue length
RN Random number from Uniform function [0.0, 1.0]
AC (N) Access category N, i.e., AC (3), AC (2), AC (1) or AC

(0).
qlen (AC (N)) Queue length of access category N, i.e., qlen (AC

(3)), qlen (AC (2)), qlen (AC (1)) or qlen (AC (0))

Fig. 7. Pseudo code of adaptive cross-layer mapping algorithm.

Table 4
Comparison of CLM-UEP and related mapping schemes.

Mapping scheme Video frame type Mapping to AC queue

CLM-UEP I-frame and
I-redundant

Depends on adaptive
mapping algorithm

P-frame and
P-redundant
B-frame and
B-redundant

IEEE 802.11e
EDCA [1]

I-frame AC (2)
P-frame AC (2)
B-frame AC (2)

Static mapping
[23]

I-frame AC (2)
P-frame AC (1)
B-frame AC (0)
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3.) Specifically, Prob_TYPE is increased when the AC queue
is more heavily loaded, but decreased when the AC queue
is more lightly loaded. Table 3 lists the various notations
used in the mapping algorithm.

Fig. 7 presents the pseudo code of the proposed CLM
mapping algorithm. Note that to simplify the notations,
AC_VI, AC_BE and AC_BK are denoted as AC (2), AC (1)
and AC (0), respectively. If the queue length of AC (2) is less
than the corresponding lower threshold value (thresh-
old_low), all of the video packets are mapped to AC (2).
However, if the AC (2) queue length falls between thresh-
old_low and threshold_high, the video packets are assigned
to either AC (2) or AC (1) in accordance with the downward
mapping probability obtained from Eq. (7). Finally, if the
AC (2) queue length exceeds the threshold_high value, i.e.,
the queue is almost full, the video packets are mapped to
AC (1) or AC (0) in accordance with their respective Prob_-
TYPE values and the queue length of AC (1). Table 4 pre-
sents a qualitative comparison of the proposed CLM-UEP
scheme and two existing mapping algorithms, namely
EDCA [1] and Static Mapping [23]. As described previously,
the CLM-UPE scheme maps the video packets to an appro-
priate AC queue in accordance with both the frame type
and the current load at each queue. By contrast, IEEE
802.11e EDCA [1] always maps the video packets to AC
(2), while Static Mapping [23] maps the I-frames/packets,
P-frames/packets, and B-frames/packets to the AC (2), AC
(1) and AC (0) queues, respectively.

4. Performance evaluation

4.1. Experimental environment and parameter settings

The performance of the proposed CLM-UEP mechanism
was compared with that of three existing loss recovery
methods [1,18,24] by performing a series of NS-2 [24,25]
simulations using the topology shown in Fig. 8. Note that
the nodes in the wireless sections of the network were as-
sumed to access the wireless medium using the EDCA
mode prescribed in IEEE 802.11e. The simulations were
performed using the ‘‘Foreman’’ video trace [26], encoded
in a YUV QCIF (176 pixels � 144 pixels) format. The num-
ber and type of the video frames and packets within the
trace are indicated in Table 5. The GOP structure of the vi-
deo trace was as follows: IBBPBBPBB (N = 9, M = 3). The vi-
deo was streamed in packets with a size of 1000 bytes at a
rate of 30 frames per second. Besides the video stream,
three traffic streams were also transmitted over the net-
work, namely voice traffic, FTP traffic (TCP) and Exponen-
tial traffic (UDP). The quality of the transmitted video
was evaluated under both light load and heavy load condi-
tions. The parameter settings of the CLM algorithm were
specified as follows: threshold_low: 20 packets; thresh-
old_high: 40 packets; Prob_I:0;Prob_P: 0.6; and Prob_B:
0.8. Finally, the maximum queue length at each AC was
set as 50 packets.

4.2. Determination of appropriate UEP redundancy rate

Fig. 9 shows the variation of the PFR metric (as deter-
mined from Eq. (6)) with the packet loss rate given various



Fig. 8. Topology of experimental environment.

Table 5
Parameters of encoded video source.

Video Format Frame number Total frame Packet number Total packet

I P B I P B

Foreman QCIF 45 89 266 400 237 149 273 659

Fig. 9. Determination of appropriate UEP protection strategy.

Fig. 10. Variation of AC queue length under light load.

Fig. 11. Variation of AC queue length under heavy load.

Fig. 12. Variation of PFR under light load.
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UEP protection strategies. Actually, the analytical model
(in the Section 3.2.1) could provide the means to deter-
mine the FEC redundancy rate (nI, nP, nB) required to
guarantee the QoS requirements of video transmissions
over lossy wireless networks. Here, an assumption is made
that each GOP has a structure of G (9, 3) and is assigned
four redundant packets. Thus, UEP (2, 1, 0) indicates that
two redundant packets are generated for each I frame,
one redundant packet is generated for each P frame and



Fig. 13. Variation of PSNR under light load.

Fig. 14. Variation of PFR under heavy load.

Fig. 15. Variation of PSNR under heavy load.
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no redundant packets are generated for the B frames. As
the results shown in Fig. 9, the UEP protection strategy
(2, 1, 0) consistently achieves a better video quality (i.e.,
a higher PFR) than other UEP protection strategies (i.e.
UEP (4, 0, 0) and UEP (0, 2, 0)), despite the fact that the
GOP is assigned the same number of redundant packets.
The lower performance of the UEP (4, 0, 0) and UEP (0, 2,
0) strategies arises since loss recovery is limited only to
the I- or P-frames.

4.3. Performance analysis of CLM-UEP mechanism

Fig. 10 shows the dynamic variation in the length of the
AC queues when the MAC layer is lightly loaded (i.e., the
queue length at each AC is less than half the maximum
permissible queue length (50 packets)). Fig. 11 presents
the equivalent results for the case in which the MAC layer
is heavily loaded (i.e., the queue length at each AC is close
to the maximum queue length). The performance of the
proposed CLM-UEP mechanism was further evaluated by
comparing the results obtained for the PFR and Peak Sig-
nal-to-Noise Ratio (PSNR) [27] during the streaming of
the Foreman trace with those obtained from three existing
methods, namely 802.11e (EDCA) [1], AFEC [18] and Dy-
namic Mapping [21].

As described previously, the CLM-UEP mechanism not
only mitigates the effects of wireless transmission losses
by applying a differential level of protection to the individ-
ual frames, but also maps the video packets adaptively to
an appropriate AC queue based on the video frame type
and the network load. By contrast, the 802.11(EDCA) [1]
ignores the packet losses due to wireless errors and net-
work congestion, while the AFEC [18] and Dynamic Map-
ping [21] schemes consider either the wireless error or
the network load, but not both. In the simulations, the
MAC layer method used for AFEC is in the same as IEEE
802.11e EDCA which always maps the video packets to
AC (2).

In the proposed CLM-UEP scheme, the UEP controller
determines the redundancy rate for each video frame in
accordance with both the feedback packet loss rate and
the video structure to support the QoS of video streaming.
Supposing that when the packet loss rate is less than 0.05,
there are four redundant packets generated in one GOP and
the redundancy of each frame type is set as UEP (2, 1, 0).
When the packet loss rate is greater than 0.05, the number
of redundant packets will increase to maintain the QoS
requirement (packet loss rate under 0.05). The parameter
settings of the queue mapping of the CLM-UEP were spec-
ified as the settings of the Dynamic Mapping in [21]:
threshold_low: 20 packets; threshold_high: 40 packets; Pro-
b_I: 0; Prob_P: 0.6; and Prob_B: 0.8. Finally, the maximum
queue length at each AC was set as 50 packets. Under light
loads, the video quality is determined principally by the
number of packet losses caused by wireless errors. Thus,
as shown in Figs. 12 and 13, the Dynamic Mapping and
802.11e methods both yield a low PFR and PSNR since nei-
ther method provides a robust protection against wireless
transmission errors. By contrast, AFEC and CLM-UEP both
inject redundant packets in optimal redundancy rate for
each video type into the data stream, and thus the perfor-
mances (PFR and PSNR) of AFEC and CLM-UEP are signifi-
cantly improved and very close.

Under heavy loading conditions, the video quality is re-
duced as the result of both wireless transmission losses
and congestion losses. As shown in Figs. 14 and 15, the Dy-
namic Mapping method yields a better video quality than
the 802.11e method due to its improved ability to deal
with congestion losses. As described previously, the CLM-
UEP mechanism not only adjusts the redundancy rate
dynamically in accordance with the video frame type and
packet loss rate, but also maps the video packets adap-
tively to an appropriate AC queue based on the video frame
type and the network load. At a moderate packet loss rate
of 6%, the CLM-UEP scheme achieves a high PFR and PSNR
by increasing the number of redundant packets in order to
maintain the QoS requirement (packet loss rate under 5%).
Under heavy network loads, the redundant packets add to
the network congestion and lead to further congestion
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losses. As a result, the PFR and PSNR fall slightly. Nonethe-
less, the CLM-UEP mechanism yields a better video quality
that the AFEC scheme, which deliberately reduces the
number of redundant packets produced under heavy load
conditions in order to avoid congestion-induced losses.

5. Conclusions

This paper has proposed a Cross-Layer Mapping Un-
equal Error Protection (CLM-UEP) mechanism for improv-
ing the quality of video streaming over IEEE 802.11e
wireless networks. The proposed mechanism comprises
two major components, namely a UEP controller and an
adaptive mapping algorithm. The UEP controller dynami-
cally adjusts the redundancy rate applied to each type of
frame in accordance with changes in the packet loss rate
caused by wireless errors. Meanwhile, the adaptive map-
ping algorithm improves the utilization of the AC queues
and reduces congestion-induced packet losses by assigning
the coded packets to appropriate AC queues in accordance
with the corresponding frame type and the network traffic
load in the MAC layer. The simulation results have shown
that the CLM-UEP mechanism yields a significant improve-
ment in both the Playable Frame Ratio and the peak signal-
to-noise ratio compared to existing methods.

Future studies will focus on two main issues, namely (1)
taking the network load (i.e., the queue length) into ac-
count when determining the optimal redundancy rate for
each frame type; and (2) examining the feasibility of
extending the CLM-UEP mechanism proposed in this study
to IEEE 802.11p (Wireless Access in Vehicular Environ-
ment) networks [28].
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