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Abstract. This paper presents a QoS-guaranteed transmission of H.264 video
over Wireless Mesh Networks (WMNs) based on an adaptive cross-layer map-
ping of IEEE 802.11e MAC strategy. We call this MDCA (Mesh Distributed
Channel Access) MAC strategy as it is based on 802.11e standard with adaptive
mechanism in response to dynamic nature of mesh networks. This novel
MDCA strategy employs the channel reservation control packets at the MAC
layer to exchange timely Channel State Estimation information for an optimal
FEC at the application layer as well as the QoS-centric GEDSR model [1] for
an optimal adaptation. The proposed scheme offers an optimized transmission
to guarantee the minimum packets delay and drop rate needed for video over
WMN:Gs. In this research, we resolve the problem associated with 802.11e stan-
dard by designing an integrated scheme that allows the system to achieve the
optimal transmission via a FEC implemented in the application layer. We eva-
luate the proposed scheme based on network-level metrics, including bit rate,
packets delay and drop rates in comparison with the static cross-layer mapping
scheme based on 802.11e WMNs. We can confirm that the adaptive cross-layer
mapping strategy MDCA outperforms the static cross-layer mapping scheme by
a significant margin.

1 Introduction

In recent years, WMNSs have gained massive research interest [2]-[S]. Due to their fast
configuration and low cost, they can be easily deployed for multimedia delivery, such
as IPTV, VOD, and mobile digital video recorder systems [3]. However, it is difficult
to guarantee the QoS for video streaming over WMNs because of their dynamic na-
ture. In particular, the QoS issue has not yet been adequately investigated based on
the recently finalized H.264 video coding standard [4]-[7]. Therefore, there are still
several research challenges that need to be addressed in all protocol layers such as
physical layer[1] and MAC [5][7][11][12], network and transport layer [8], applica-
tion layer [1], and cross-layer design [8]-[10] for WMNs to support H.264 video
streaming applications. The issue of QoS has been addressed in WMNs applications.
Shen et al. proposed in [5] an admission control based on available bandwidth estima-
tion for WMNSs. It was shown that admission control algorithm at the MAC layer
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could resolve the QoS issue for both real-time and non-real-time traffic. However,
they considered only throughput, delay, and jitter, not packet loss rate which is crucial
QoS factors that significantly affect the performance of video streaming [10]. In [7],
an Enhanced Distributed Channel Access scheme with resource reservation
(EDCA/RR) that provides deterministic, contention-free medium access is proposed.
However, only the QoS of EDCA/RR MAC, not the QoS of video streaming is stu-
died. In [2], we addressed the network-level performances including throughput,
packet loss rate and delay for robust H.264 video transmission over WMNs. We de-
veloped an Opportunistic Multi Rate MAC that can be viewed as static cross-layer
framework without adaptation. Two key innovations of the proposed joint adaptive
scheme are: (1) a novel MDCA (Mesh Distributed Channel Access) scheme based on
802.11e standard of MAC layer [11] and (2) an adaptive FEC implemented in appli-
cation layer based on effective QoS (GOP-level Estimation Decodable Slice Rate
(GEDSR)) Model [1]. Based on channel state estimation and GEDSR model, the joint
adaptation based on MDCA and adaptive FEC is designed to improve the quality of
the link under error-prone transmission conditions. We apply an unequal error protec-
tion for H.264 video traffic through an adaptive cross-layer mapping strategy in order
to dynamically adapt Access Category (AC) [10]. This adaptive strategy is able to
overcome unnecessary transmission delays and packet losses as we encountered in
static cross-layer mapping in [2].

2 Architecture of Adaptive Cross-Layer Mapping Strategy

2.1  Analysis of Adaptive Cross-Layer Mapping Scheme

As MDCA supports different precedence AC queues according to video coding signi-
ficance, encoded H.264 data is also allocated accordingly. When the mapping scheme
is static and non-adaptive, the video data mapped to lower priority AC such as AC[1]
and AC[0] may cause packet loss and unnecessary transmission delays even when the
network load is light. Therefore, when the AC[2] queue is empty (which indicates the
video traffic load is light), the static mapping algorithm will lead to high packet losses
as well as unnecessary transmission delays if both AC[1] and AC[0] are almost full
simultaneously. Figure 1 illustrates the proposed architecture for adaptive cross-layer

mapping policy.
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Fig. 1. Architecture of Adaptive Cross-layer Mapping Scheme
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Based on the significance of video type and the current load of network traffic, the
proposed mapping algorithm dynamically distributes the video data into the most
appropriated AC so as to guarantee the QoS metrics as well as the visual quality of
delivered video at the MAC layer. At 802.11e MAC layer, we allocate an important
video data (I-slice) into higher priority AC queue and we defined different mapping
probabilities as P(Type) to different video slice types according to its coding signific-
ance. Less important video slice types will be assigned larger P(Type).Therefore, for
H.264 codec, the downward mapping probability relationship of these three video
slice types is P(B)>P(P)>P(I), and these probabilities are between 0 and 1. When
transmitted over an 802.11e WMNSs, H.264 video packets are placed in AC[2] catego-
ry will have better opportunity to admit to the channel than lower priority ACs. The
proposed mapping algorithm reschedule most recently received video packets into
other available lower priority queues, while the AC[2] queue is getting filled. To pre-
dicatively avoid the upcoming congestion by performing a queue supervision in ad-
vance, we define two parameters, Threshold,,,, and Threshold,,g,. To incorporate these
two parameters into the algorithm, the integrated function will be:

Qlenyc[z)—Thresholiow

P(New) = P(Type) X

)

Thresholdpjgh—Thresholdoy

The original predefined downward mapping probability of each type of video slice in
this equation P(Type) will be adjusted according to the current queue length and thre-
shold values. The result is a new downward mapping probability P(New). The higher
the value of P(New), the greater the chance for a packet to be mapped into a lower
priority queue. Table 1 presents the notations used in the proposed adaptive cross-
layer mapping algorithm.

Table 1. Parameter Notations in Proposed Adaptive Mapping Algorithm

Term Definitions
P(Type) Download mapping probability of each type video packet (P(I ), P(P), P(B))
P(New) New computed downward mapping probability

Threshold,,, | The lower threshold of queue length
Threshold,,,, | The lower threshold of queue length

Qlenycyy; The queue length of Access Category 2

The pseudo code of mapping policy is shown in Figure 2. When a video packet ar-
rives, the queue length of AC2 (Qlencpy) is checked. If the queue length is lower
than the lower threshold value, Threshold,,,, (light load), the video data is mapped into
AC[2]. However, if the queue length is greater than the upper threshold value, Thre-
sholdyy;, (heavy video traffic load) the video data is straightforwardly mapped to low-
er priority queues, AC[1] or AC[0]. However, when the queue length of AC[2] de-
creases between Thresholdy, and Threshold,,,, the mapping decision is made based
on both mapping probability (P(Type)) and the current buffering size of the queue as
given by (1). Hence, based on the estimated downward mapping probability, the video
data packet will be mapped to either AC[2], AC[1] or AC[0]. By exploiting such a
priority scheme and queue length management strategy of MDCA MAC, the video
transmission is prioritized and the drop rate of video can be minimized to enable effi-
cient utilization of network resources.
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When a video data slice arrives:
If (Qlen AC[2] < Threshold low )
Video packet — ACJ[2];
Else if (Qlen AC[2] < Threshold high ) {

Qlen, —Threshol;,
P(New) = P(Type) X _<reRacp) 7 ATE RO ow
Thresholdpign—Threshold,oy,

RN = a random number generated from Uniform function (0.0, 1.0);
If (RN > P(New) )

Video slice — ACI[2];
Else

Video slice — AC[1];

)
Else If(Qlen AC[2] > Threshold high ) {
IfRN > P(Type) ) {
Video slice — AC[1];
Else
Video slice — AC[0]; }

Fig. 2. The Proposed Adaptive Cross-Layer Mapping Strategy

2.2  GEDSR Model for Adaptive FEC

To characterize and estimate the dependence and sensitivity of video streams, we
adopt the GEDSR model. This is a network-level metric and is defined as the fraction
of decodable slice rate, which is the total number of decodable slices over the total
number of slices transmitted by the sender as follows:

GEDSR=N,,./(N; + Np + Np) 2)

where N, is the summation of Ny gice decs Np.giice dec ANA Np_gjice qee- 1t 18 clear that, the
larger the GEDSR value, the better the video quality as received by the receiver. If we
denote the probability that a slice a is regarded as decodable by P(a), then, the proba-
bility P(I) that the I-slice in GOP; is decodable is simply as follows:

P)=(1=E1)"7", (3)
Nisiidge dec = P(I) X' Ngopi )

where &/ stands for packet loss rate, Avgpacket, is the average number of packets to
carry the data of each type of I-slice and Ngop; represents total number of GOPs. The
probability of the P-slice can be obtained as:

P( PN[, ) # 1- éf I)Avgpucketl ( 1- éf P )AvgpucketP «Np (5)

With all these derivations, the expected number of decodable P-slices for the entire
video will be:

NP—slice dec = P(I) X 2751(1 - Ep)ijvgpacketp X NGOPi (6)

where ¢P represents packet loss rate, Avgpacketp is the average number of packets
to carry the data of each type of P-slice. It can be observed that the channel state
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feedback and adaptive FEC can be incorporated with GEDSR. Especially, as shown

in Figure. 3, with CSE information, we can design adaptive FEC that allows N, to

achieve higher value in order to improve the GEDSR parameter and the received vid-

eo quality. The channel state estimation algorithm was illustrated in [1] in detail.
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Fig. 3. Relation between N ¢ and CSE

MP reduces the number of redundant FEC packets based on the current retry time:
retry (weighted moving average retry time) = (1- rweight) * current_retry (current
retry time) + rweight * retry. Note that queue;y,, ipreshoid_of-rerry A0 qUEUCHigh_hreshold_of-
rery are 5 and 15, respectively. Consequently, the number of adaptive FEC is imple-
mented as shown in Figure 4.

If ( retry < queue low_ threshold of retry )

FEC no (number of redundant FEC) = 0;
Else if ( retry < queue high _ threshold of retry )

FEC no = FEC no xo. (adaptive factor) ;
Else

FEC no=FECno ;

Fig. 4. Pseudo code of adaptive FEC Algorithm

3 Experimental Results

In this research, simulations have been carried out to compare the performance of
static cross-layer and adaptive cross-layer mapping algorithm for video streaming
over wireless mesh networks. Specifically, we implement the hybrid mesh mode
simulation topology that consists of 14 mobile stations with 4 mesh clients, 4 conven-
tional clients, and 6 mesh points. The bit rate is at 1Mbps, and several system
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parameters are based on physical layer parameters used in the 802.11b standard. In
addition, in order to implement more complicated channel model that is close to prac-
tical network setting, we adopt the Rayleigh fading statistical channel in combination
with the Finite-state Markov chain channel models [13]. This is more realistic than
existing approaches in which they have not considered the impact of wireless fading
channel on video transmission quality over wireless mesh networks. Figure 5(a) illu-
strates the performance of the throughput in destination nodes based on the simulation
topology described above using NS-2. Both static and adaptive cross-layer mechan-
ism have the similar throughput improvements. Figure 5(b) shows the dropping rate
performance comparison. As expected, adaptive cross-layer algorithm outperforms
static cross-layer scheme resulting because of full CSE information feedback and
higher total number of decodable slices as shown in Figure 3.
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Fig. 5. Throughput and dropping rate comparison
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Fig. 6. Delay comparison

Figure 6 shows the average delay performance comparisons. The static cross-layer
mechanism actually outperforms the proposed adaptive cross-layer scheme. With
CSE, adaptive cross-layer scheme needs additional time to accommodate the feed-
back. However, the delay is well under the acceptable range. Overall, we can observe
that the performance of our proposed model is significantly better than that of static
cross-layer mapping, especially in terms of packet drop rate. In addition to the simula-
tion results of relevant QoS metrics, we have also estimated the subjective quality of
this H.264 video transmission for both static cross-layer and adaptive cross-layer
mapping schemes as shown in Figure 7. It is clear that the overall subjective quality
of the proposed adaptive scheme is noticeably better than that of the static scheme.
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Fig. 7. Evaluation of Video Streaming Transmissions

4 Conclusions

We have described in this paper a novel adaptive cross-layer mapping strategy for
MAC protocol to achieve reliable delivery of the H.264 video streaming over wireless
mesh networks. Based on the unique dynamic characteristic of wireless mesh net-
works, we developed an adaptive cross-layer mapping based MDCA MAC, making
full use of the GEDSR model for the adaptation and application of adaptive FEC to
combat wireless channel impairments. We adopt both network-level QoS metrics as
well as received video quality at the receiving node to evaluate the proposed adaptive
cross-layer mapping scheme against the static cross-layer mapping scheme for H.264
video over WMNSs. The simulation results have confirmed that the proposed scheme
is able to substantially outperform the static cross-layer mapping scheme with an
average of 1.5dB in reconstructed video quality. Future extension of the proposed
research include the adaptation of H.264 scalable video coding standard in order to
meet the desired scalability requirements for a wider range of MAC configurations.
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