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Abstract

In this paper, a cross-layer resource allocation mechanism is proposed for wireless multimedia
service. In particular, a game theory based on quality of service (QoS) for multimedia users is
introduced to deal with the fairness of network resource allocation in wireless networks.
Moreover, the channel states of wireless users are additionally regarded under the cross-layer
design in WiMAX environment. In details, the bargaining solution is adopted to discover the
efficient and fair resource allocation strategy for multimedia service in considering QoS in the
peak signal-to-noise ratio (PSNR) and the channel states in the carrier-to-interface ratio
(CINR). The proposed mechanism is illustrated and evaluated by simulation results of
transmitting video sequences in WiMAX environment.
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1. Introduction

With rapid spread of mobile devices such as mobile phones, smart phones, and portable

media players, mobile users cannot help competing for the limited resource in wireless

networks. Meanwhile, wireless multimedia service became to require much more network

resources since multimedia users are sensitive to quality of service (QoS) for video and audio
data. FremFor the reason, resource allocation problem is still a significant issue in wireless
multimedia service in spite of the great growth of wireless communication technology.

A lot of researches on resource allocation in wireless communications have been conducted
to optimize efficient utilization of resource, profits of service providers, and QoS of users. In
case of multimedia services, efficiency and fairness of resource allocation have been
emphasized to enhance QoS. To deal with the problem, several researchers have introduced to
the wireless network the game theory, which provides mathematical techniques for economic
behaviors of service users in telecommunication networks [1]. Furthermore, Park and van der
Schaar analyzed fairness conditions of wireless multimedia services by adapting bargaining
games to the multimedia resource allocation. Since the game theory was originally developed
in economics to analyze human behaviors according to the utilities of users, the game theoretic
approaches generally focus on QoS of users rather than the amounts of allocated resources as
such. In our research, we also deal with the fairness of multimedia resource allocation based on
QoS in multimedia network, especially peak signal-to-noise ratio (PSNR).

In this paper, a novel approach to multimedia resource allocation is introduced considering
the cross-layer design in WiMAX. Even though several studies on fair multimedia resource
allocation addressed the users’ utilities or QoS in the application (APP) layer, they did not
consider the physical (PHY) layer such as channel state information. Even though they can
optimize the multimedia resource allocation in viewpoint of the base station, users’ utilities
from the received resources often vary according to the users’ channel states. However, since
the recent protocols such as WiMAX, considered in this paper, support the channel state
information, more practical utilities of users can be predicted in PSNR for the fair resource
allocation

In particular, the scalable video coding (SVC) is assumed as a video compression standard
in our research. SVC can assure QoS by DTQ (dependency, temporal, and quality) levels
depending on channel environments by applying the un-equal protection (UEP) technique [2-3].
Hence, the base station can transmit dynamically the proper size of multimedia sequences for
the amount of allocated resources to the users. That is the reason why we adopt the SVC as
video codec in this research.

The proposed mechanism of resource allocation in wireless multimedia service has three
characteristics as follows:

o Cross-layer design considering channel states in WiMAX: Even if users are located in bad
channel states, which are generally caused by path loss, fading, shadowing, and
interference, they wish multimedia service to be provided in a fair manner. Fortunately,
since WiMAX enables the user’s feedback for the channel states, our mechanism of
cross-layer resource allocation has been developed considering the PHY layer, as well as
the APP layer.

e Dynamic multimedia resource transmission in SVC: Traditional video codecs such as
MPEG2 and H.263, and the advanced video coding (AVC) have difficulty in transmitting
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variable video resources, while SVC supports to dynamically decide and transmit the
proper size of multimedia sequences according to the network environments of users.

o Fair resource allocation based on game theory: Bargaining games in game theory provide
the several mathematical solutions for resource allocation that users can accord with each
other in terms of their utilities under some axioms. In this research, the Kalai-Smorodinsky
bargaining solution was adopted for the purpose of the fair satisfaction of users considering
their multimedia network environment in terms of QoS (i.e. PSNR).

This paper is organized as follows. In Section 2, cross-layer design and resource allocation
in wireless networks and scalable video coding are reviewed. In Section 3, the framework of
cross-layer resource allocation is presented and then the detailed procedure is described. In
Section 4, a simulation experiments are illustrated in order to evaluate the performance of the
proposed resource allocation strategy. Finally, Section 5 concludes this paper.

2. Related Work

2.1 Cross-Layer Design

Since wireless multimedia transmission is bandwidth-intense, delay-sensitive, and loss
tolerant, QoS is an extremely important issue in wireless multimedia service [4]. Recently, to
improve QoS in APP layer, cross-layer design in wireless multimedia is being studied to
consider different layers of the open systems interconnection (OSI) stack.

Cross-layer optimization (CLO) originally aims at optimizing different layers for advanced
reliability of multimedia service in wireless networks. Shan [5] presented a CLO algorithm of
minimizing transmission delay in APP layer by combining with MAC and PHY layers. Jang et
al. [6] conducted work on adjusting the adaptive transmission rate in channel environment
based on the real-time encoder.

In particular, some researches consider QoS for CLO. By combining importance of
transmission data and link states in PHY layer, a function of subchannel division was provided
based on the unequal error protection (UEP) [7]. In addition, studies on adaptive video
streaming service over Mobile WiMAX was conducted using channel states in PHY layer [8].

In this paper, we considered the interaction between APP and PHY layers for the cross-layer
design to address fair resource allocation issues in wireless multimedia service. Especially,
channel states in PHY layer are reflected to discover the allocation strategies in terms of QoS in
APP layer. In PHY layer, MCS level is adopted to obtain channel states of users, which may are
affected by network environment such as path loss, fading, shadowing and interference, in
orthogonal frequency-division multiple access (OFDMA). In detail, required bit-rate is decided
by selecting adaptive modulation and channel coding according to the predicted carrier to
interference and noise ratio.

To provide adaptive video services in wireless networks, SVC is adopted for the video
codec in APP layer. Three factors (spatial, temporal and qualitative) are considered to stratify
SVC. Due to this structure, all processes to restore higher layers should be preceded by the
restoration of the basic layer [3]. SVC can send only some layers to decrypt the videos in case
that all video layers cannot be sent due to the limit of the bandwidth in wireless networks. For
that reason, SVC was adopted for the multimedia resource allocation in this paper.

2.2 Resource Allocation in Wireless Networks

In order to ensure QoS, many studies have been searching for solutions that would provide
effective bandwidth allocation in wireless video service to overcome problems of rapidly
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changing resources or rate adaptation [9]. However, the existing resource allocation methods
have a limitation that they do not consider interactions between base and mobile stations. To
this end, ReSerVation Protocols (RSVPS) [10] are used, but they cannot respond to severe
changes in resources depending on available resources and users’ participations. Especially, the
above mentioned solutions that are based on fixed reservations do not consider the
characteristics of videos and thus are not very suitable to be applied to multimedia services.
Therefore, in order to allocate appropriate resources to many multimedia users, several fairness
strategies have been proposed so far.

The simplest method to allocate resources to many users is to allocate resources to
participants in the same quantities but this method does not consider the characteristics of video
contents and the channel states in the network. Kelly, Maulloo, & Tan introduced a resource
allocation method based on the bit-rate requirements of users [11]. However, they do not
consider the picture quality of videos and thus is not suitable to content-aware multimedia
application, which is considered in our paper.

In recent years, the game theory was adopted to analyze economic behaviors in
telecommunication network. In particular, bargaining games [12-16] were introduced for
effective resource allocation strategies so that resources can be efficiently and fairly allocated
to users. Since bargaining solutions can consider heterogeneity between users, they can be
usefully used in managing the resources of multimedia application services. However, the
existing approaches to game theoretic resource allocation in wireless networks considered only
the amounts of resources which could be allocated to users, not the amount of resources which
users could receive.

In other words, even if resources are appropriately allocated in a base station considering
users’ requirements, the resources which users receive often differ from the allocated resources
according to the channel states of users. As a result, to allocate suitable resources in the
viewpoint of users, our proposal in this paper tries to allocate resources by considering
bandwidths of users by means of feedback of PSNR in WiMAX environment.

In the meantime, the researches on CLO-based resource allocation were also conducted.
The interaction between PHY and APP layers is optimized for the purpose of cross-layer
resource allocation [17-18]. In this paper, our approach to the cross-layer resource allocation
regards channel states of users in WiMAX environment in order to realize the fairness of QoS
such as PSNR in the viewpoints of multimedia users.

3. Cross-Layer Resource Allocation for Multimedia Service

3.1 Cross-Layer Design

In this subsection, a framework of cross-layer resource allocation is introduced for wireless
multimedia service. The framework is based on cross-layer design considering the interaction
between PHY and APP layers as shown in Fig. 1. In a word, to improve QoS in APP layer, the
channel states of users in PHY layer are considered for the purpose of fair resource allocation
for wireless multimedia transmission.
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Fig. 1. The framework of cross-layer resource allocation for wireless multimedia service

The framework is composed of a base station, a video server, and several mobile stations. In
the base station, the PHY layer is interacting with mobile stations for video service to request
the proper resource allocation to the Resource allocation agent. The agent makes a strategy of
fairly allocating the resources (i.e. bit-rates) of video sequences based on the rate-distortion
(R-D) curves of the requested video sequences in the SVC sequence storage and the channel
states (i.e. CINR) of users. To achieve the allocation strategy, a bargaining solution is adopted
considering QoS (i.e. PSNR) for users. Then, APP layer sends adaptive video data to each user
according to the coding level of SVC which is the best for the available bit-rate allocated to the
user.

Recent studies in WiMAX are carried out by obtaining the channel state information. Since
our proposal of the cross-layer design is based on the PHY layer, the approach has advantages
in terms of accuracy, speed, and the ability in detecting diverse user environments [19-20]. In
detail, resources received by individual users can be predicted by the CLO. In PHY layer, in
case of OFDMA based downlink channels, AMC ode is provided that alternates a modulation
method with an encoding method in accordance with channel environments. PHY layer collects
the ratio of carrier waves to interfering noises and information on the density of received
signals in order to observe channel situations between the sending terminal and the receiving
terminal and predict the adaptation/modulation encoding mode based on the collected
information. At this time, a channel bandwidth is determined by the adaptation/modulation
encoding mode, the ratio of carrier waves to interfering noises and the encoding method.

3.2 SVC and QoS

To make a strategy of fair resource allocation, how to calculate QoS for each user is described
in this subsection. We assumed the Rayleigh fading channel and a base station can receive the
feedback from mobile station. In general, many studies in mobile communication assume that
there is no delay to the feedbacks on channel estimation and thus the predicted channel
information is the same as the real one [21-22].

Table 1 shows an example of the modulation and coding scheme (MCS) level for the
carrier-to-interface ratio (CINR) which satisfy PER<1%. Based on the table, when CINR is
given to a user, how much bit-rate is necessary can be determined for the adaptive modulation
and coding (AMC) considering channel coding block length, modulation scheme and coding
rate. For instance, if CINR of a user is 4.4, the bit-rate of 144 is necessary for the appropriate
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modulation of (block length, modulation scheme, coding rate) = (720, QPSK, 1/2). The
relationship between CINRs and bit rates is illustrated in Fig. 2.

Table 1. An example of the modulation and coding scheme (MCS) level. (carrier frequency=2.5GHz,
# of FFT point=1024, # of data subcarriers=768, # of pilot subcarriers=96, subchannelssOFDMA
symbol=16, data subcarriers/subchannel=48, subchannelization=PUSC, PER <1%)

CINR block length | modulation scheme | coding rate bit-rate
-3.9 480 QPSK 1/12 96
-1.45 480 QPSK 1/6 96
1.65 480 QPSK 1/3 96
44 720 QPSK 1/2 144
8.15 960 QPSK 213 192
9.5 1440 16QAM 172 288
13.65 1920 16QAM 213 384
15.7 2160 16QAM 3/4 432
19.2 2880 64QAM 213 576
275 3600 64QAM 5/6 720
800

700 //
600 : /
500 : :

QPSK | 16QAM//E 64QAM
400

300 / /
100

L 8

Bit-rate [kbps]

165 44 815 95 1365 157 192 275
CINR(dB)

Fig. 2. Bit-rate level as CINR with AMC mode

Then, the maximum bit-rate that is provided to a user is selected according to his/her CINR
on basis of the MCS table. Finally, QoS (i.e. PSNR) can be expected based on R-D table for
each video sequence which the base station holds in the storage of SVC sequence in Fig. 1.

Since the network environment is often not stable in wireless communications, users wish
adaptive video service according to their channel states. If the base station applies traditional
codecs (e.g. H.263, MPEG2) or the AVC for wireless video service, users cannot be provided
with any video service when the allocated resource is less than the bit-rate available to the
decoding. On the contrary, SVC can transmit the adaptive level of video sequences according to
the amount of allocated resources which are decided by the allocation strategy. In a word, SVC
is requisite to the scalable and adaptive video transmission we consider in our paper.

In this research, to quantify QoS for SVC users, PSNR is often used. PSNR is similar to
signal-to-noise ratio (SNR), which indicates the variance of the signal against the variance of
the noise in the signal. While SNR considers signal powers of all images, PSNR uses the
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maximum possible power of a signal, denoted MAX, , as shown in Equation (1). In general, 255
is substituted for MAX; to 8 bit images. Mean square error (MSE) is calculated from the errors
of the pixels at the sample location of two images, | and K, which sizes are mxn.

MAX 2
PSNR =10log,, (——" @)
00, ( MSE)
1 m-1 n-1 . L.
MSE =— > >"II1Gi, ) - KG, DI @)
MmN % =0

Unfortunately, the formula cannot be used for the base station to predict PSNR when
sending video sequences to users because MSE cannot be calculated without the received
image information in mobile stations of users. For this reason, the R-D table of each video
sequence is used to predict PSNR of video service based on the available bit-rate and SVC
method.

The R-D table can be obtained by coding levels of SVC. Table 2 shows R-D table for SVC
coding of an example video sequence (“Habour”) [23]. The SVC method decide the DTQ
(dependency, temporal, and quality) levels: the dependency level supports QCIF(176x144) and
CIF(352x288), the temporal level does four levels from 3.75Hz to 30Hz, and the quality level
does five levels from 0 to 4. For example, if the bit-rate available to a user is 550kbps, the best
feasible DTQ level is (CIF, 30Hz, 2) and thus PSNR of 31.4974 is expected.

In summary, the base station can predict PSNR for the available bit-rates of users as shown
in the R-D curve of Fig. 3. The R-D curves of the provided video sequences, which are stored in
the base station, are used to establish the fair resource allocation strategy of multimedia service
in our research.

Table 2. Rate-Distortion (R-D) of “Habour” sequence

Dependency | Temporal | Quality | Bit-rate PSNR w0
3.75 0 96.0256 | 22.3262 Py
75 0 112.024 | 25.9946 »
QCIF 15 0 | 128.0248 | 29.6394 . /
15 1 160.0224 | 30.9373 g [
15 2 191.984 | 319173 | £ = |
30 0 | 384.0288| 34652 | @ (RO, X9)
20
30 1 448.0264 | 35.2604
CIF 30 2 512.028 | 35.7875 s
30 3 640 0264 36 9742 0 200 400 600 800 1000
d - Bit-rate [Kbps]
30 4 768.0008 | 37.7881

Fig. 3. R-D curve of “Habour” sequence

3.3 Game Theoretic Resource Allocation

A bargaining game deals with a situation that two or more players co-operate with each other in
accordance with certain axioms. According to the axioms, bargaining solutions such as Nash
bargaining solutions (NBS) [13] and Kalai-Smorodinsky bargaining solution (KSBS) [14] are
chosen to discover optimal strategies of players in a mathematical manner. In case of
telecommunication network, the bargaining solutions are introduced to allocate the shared
network resource in terms of efficiency and fairness based on QoS, so-called utility.

In our research, KSBS, one of the bargaining solutions, is used to establish the resource
allocation strategy in the base station so that the multimedia resource can be fairly distributed to
the users. The reason that KSBS is adopted is that the solution guarantees proportional fairness
for the different amounts of maximum resource requirements of users on basis of the axioms of
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KSBS: Pareto optimality, scale invariance, individual monotonicity, and symmetricity [14].
The four axioms mean that resource allocations made by the KSBS will be always beneficial to
users if the sets of effective benefits increase in a direction beneficial to a user. That is, the
KSBS will allocate resources so that users of multimedia service can feel the same quality
deterioration from the highest quality they can receive.

In our bargaining game for resource allocation, it is assumed that all users have their R-D
curves as utility functions. The R-D curve provides PSNR of the best SVC coding for available
bit-rate.

Suppose that there are N users in the multimedia service network. PSNR of user i is denoted
by X; for the available bit-rate R;. And, the maximum PSNR in the R-D curve of user i and the
corresponding resource are denoted by and X and RM*, respectively. Note that the
maximum PSNR is restricted by the DTQ level of SVC coding. In addition, we assume that
each user should be guaranteed for the minimum PSNR X, as a basic condition to participate in
the game. Therefore, the available resource becomes Ruax-2R%.

In our research, to solve the fair resource allocation problem based on KSBS, the
intersection point of the bargaining set B in Equation (5) and the proportionally fair line L in
Equation (6) is obtained [15].

B ={X |Z“i—xi=RMAX ~> Ry, X, > 0forvi} ()
it ¢ — Dy X, i-0
X, = X2 X, —X? N .
L={X 1“1 == N N , Wwhere » o =1 o, >0 for Vi (6)
™ X0 ™ T o xRt ;

On the one hand, all points on the curve B guarantee efficient utilization and cannot be
improved to give more benefit to any user without another’s loss. In the game theory, the
bargaining set B is said to satisfy Pareto optimality. On the other hand, all points on the line L
allow the allocated resources to users to be proportionally fair toward the maximum
requirements of users.

3.4 Considering Channel States

Since the quantities received by users depend on channel states of users in wireless
communications, the amount of resources received to the mobile stations are often different
from that of resources allocated to them. Channel states of users in wireless communications
vary according to path loss, fading, shadowing and interference, which are more sensitive to
QoS than in wired environment. Hence, if the base state can consider the channel states of users,
it can be more effective in allocating the resource and guaranteeing QoS to users. Moreover, In
WiIMAX environment, since the channel states of users are recognized by prompt feedbacks,
channel states can additionally be considered in allocating the network resource fairly based on
the bargaining solution described in Section 3.2. In this subsection, it is explained how to
consider channel states in finally adjusting the resource allocation strategy by using the
bargaining solution in wireless multimedia networks.

In our research, the CINR are used to adjust available bandwidths through which users will
receive the resource. To adjust the allocation to users in the bargaining solution, we can control
the bargaining powers in Equation (6). To consider channel states in resource allocation of our
proposal, the bargaining power of a user «; is defined as follows:

o = 1 {l— SINRi J @)
N-1 > " CINR,

In the equation, CINR; is the power received by user i in wireless environment. Note that
multiplied by 1/(N-1), the sum of o; is 1 (i.e. Za;=1). Base on Equation (7), if channel
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environment of a user becomes worse and the resource less than what are required by users are
received, the resources will be compensated by the users’ based on fairness. Conversely, if a
user’s channel environment is good and resources to be allocated to the user are more than
required, the remaining resources can be distributed to other users in not so good channel
environments.

While the efficiency of the resource allocation is considered in Equation (5), the fairness of
the allocation is done according to channel states of users by adjusting the bargaining powers of
users o;’s in Equation (6). The phenomenon that as the transmission speed decreases, the CINR
value required becomes smaller was reflected on the adjustment of bargaining powers in
Equation (7).

4. Performance Evaluation

4.1 Experimental Design

The performance of the proposed resource allocation strategy was evaluated by simulation
experiments. In the experiments, we assume the Rayleigh fading channel in WiMAX network
and thea base station can get feedback from mobile users without any delay. For MCS level, 10
levels in Table 1 were used and they satisfy PER<1% under the following conditions: carrier
frequency=2.5GHz, number of FFT point=1024, number of data subcarriers=768, number of
pilot subcarriers=96, subchannelsfOFDMA symbol=16, data subcarriers/subchannel=48,
subchannelization=PUSC.

Four video sequences (“soccer”, “football”, “mobile”, and “harbor”) were encoded by
JSVMO.13 encoder which is provided in JVT standard. The SVC sequences were encoded in 10
DTQ levels (see the example in Table 2). According to the levels, R-D curves were generated
to predict PSNR of the video services as shown in Fig. 4.

40

//

30
—+—Football
% —Mobile
/ -=-Harbour

20 J

15

-&-Soccer

PSNR [dB]

-

0 500 1000 1500 2000
Bitrate[kbps]

Fig. 4. SVC R-D curves

We conducted two experiments of two-user and four-user cases. To evaluate the
performance of the proposed resource allocation mechanism, strategy of cross layer bargaining
allocation (CLBA) was compared with three other allocation strategies in terms of fairness for
wireless multimedia transmission: equal rate allocation (ERA), maximal rate allocation (MRA),
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and single layer bargaining allocation (SLBA). ERA allocates same amounts of bit-rates to all
users independent of characteristics of video sequences [24]. MRA allocates possible resources
to the users with better channel states prior to others [22]. SLBA obtains bargaining solution to
discover fair resource allocation considering PSNR of users in APP layer. But, it does not
consider the channel states in PHY layer. CLBA is a same strategy as SLBA except for
reflecting the channel states (i.e. CINR) on the bargaining powers.

4.2 Single- and Cross-layer Resource Allocations

(1) Two-user Case

In the first experiment, two users request “mobile” and “soccer” video sequences, respectively.
While the channel state of user “mobile” is fixed, that of user “soccer” is getting bad. In a word,
CINR of user “mobile” is 15dB. CINR of user “soccer” changes from 15dB to 2.5dB by 2.5dB.
The total available resource of the base station is assumed to be 1Mbps.

From the results of two-user experiment, the comparison of bit-rates is illustrated for four
strategies in Fig. 5. The bit-rates show the amount of resources which each user is predicted to
receive. From the reason, the sum of the bit-rates of two users is around 800kbps at the start of
(CINRsoccers CINRpopite)=(15, 15). But, the sum decreases as the channel state of user “soccer”
gets bad and channel loss becomes bigger.

In Fig. 5 (a), ERA makes predicted bit-rates of two users be the same by considering their
channel states. The allocation is even, but it does not consider the change of QoS (i.e. R-D
curve) according to different video sequences of the two users. In Fig. 5 (b), MRA does not care
about the change of the channel states of user “soccer”. In Fig. 5 (c), although SLBA fairly
allocates the resources in the base station considering QoS, the predicted amount of resources
of user “soccer” decreases as the channel state of the user gets bad. Finally, in Fig. 5 (d),
although the predicted amount of resources decreases together, CLBS does not allocate the
same amount of resources to the two users. It is because CLBS does not consider only QoS in
R-D curves to allocate the resource fairly, but also the channel states (i.e. PSNR) to reflect on
bargaining powers. The bargaining powers of two users in CLBA becomes (osoccer,
amobite)=(0.500, 0.500), (0.545, 0.455), (0.600, 0.400), (0.667, 0.333), (0.750, 0.250), (0.757,
0.243), as the channel state of user “soccer” decreases from 15dB to 2.5dB.

To analyze the results of the two-user experiment in terms of satisfaction of the
users,comparison of QoS is illustrated for four strategies in Fig. 6. As the values of quantified
QoS, PSNR are predicted from R-D curves corresponding to the users’ video sequences
according to the predicted amount of resources. The changes of QoS in Fig. 6 (b) to (d) show
similar trends to those of the bit-rates in Fig. 5. The PSNR of two users by ERA in Fig. 6 (a),
however, show different values with each other because two R-D curves of the video sequences
are different. In summary, both ERA and CLBA look fair because the PSNR of a user decreases
as that of the other decrease.
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Fig. 5. Bit-rate comparison of four resource allocation strategies in two-user case

(d) cross-layer bargaining allocation (CLBA)
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Fig. 7. Fairness comparison of four resource allocation strategies in two-user case

The fairness of four resource allocation strategies can be analyzed more clearly by
comparing the ratio of PSNR of the two users as shown in Fig. 7. From the viewpoint of the
users, MRA and SLBA are surely unfair in that channel states discriminate the PSNR of the
users even though the states cannot be decided by users themselves. ERA and CLBA seem to be
quite fair because the ratios of PSNR are nearly constant around 1.1 and 1.2, respectively.
However, note that the two users have different capacities of PSNR as shown in Fig. 4. That is,
the maximum PSNRs of the users “soccer” and “mobile” have different values of 38dB and
32dB, respectively. It means that if the available resources in the base station are enough, the
user “soccer” can be more satisfied than the user “mobile”. That consideration has been
reflected on bargaining solutions in CLBA. In the aspect, CLBA can be said to be so-called
proportionally fair than ERA.

(2) Four-user Case

In the second experiment, four users request “soccer”, “football”, “mobile”, and “harbor” video
sequences, respectively. In the same way as the two-user experiment, the channel state of three
users are fixed, while that of the user “soccer” is getting bad. That is, CINR of the other users
are 15dB, and only CINR of user “soccer” changes from 15dB to 2.5dB by 2.5dB. The total
available resources of the base station is assumed to be 2Mbps.

The results of four-user experiment are similar overall to those of two-user case. However,
the figures in Fig. 8 illustrate clearly whether the strategies consider the difference of the video
characteristics such as R-D curves. ERA does not discriminate the three users except for the
user “soccer” because they lie in the same channel states. On the contrary, SLBA and CLBA
allocate different amount of resources to the three users by considering R-D curves. In case of
MRA, the three users except for “soccer” receive the same and constant resources, while the
user “soccer” receives less resources as the channels state gets bad. Meanwhile, just as the
two-user case, the sum of the bit-rates of four users is nearly 1950kbps at the start, while the
sum decreases as the channel state of the user “soccer” gets bad.

In the comparison of SLBA and CLBA, the user “soccer” was compensated when the
channel state gets bad, by decreasing the allocation to the user “football”. Note that the R-D
curve of “football” video sequence has much bigger maximum achievable resources than the
others. The bargaining powers of the four users in CLBA were adjusted to (esoccer, footballs Emobiles
anarbour)= (0.2500, 0.2500, 0.2500, 0.2500), (0.2608, 0.2463, 0.2463, 0.2463), (0.2727, 0.2424,
0.2424, 0.2424), (0.2857, 0.2380, 0.2380, 0.2380), (0.3000, 0.2333, 0.2333, 0.2333), (0.3157,
0.2280, 0.2280, 0.2280), as the channel state of the user “soccer” decreases from 15dB to
2.50B.
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Fig. 9. QoS comparison of four resource allocation strategies in Four-user Case)

In the Four-user Case, the comparison of QoS is illustrated for four strategies in Fig. 9. In
case of ERA in Fig. 9 (a), although four users receive the same amount of resources, PSNRs
become different according to the shape of R-D curves. For example, when (CINRgccer,
CINRgthers)=(15, 15), the predicted amount of resources of each user are 493.17 in Fig. 8 (a). At
that time, PSNR of “soccer” is 35.63, while those of the other three are 31.36.

In Fig. 9 (b), MRA allocated the same and constant resources to the three users except for
the user “soccer” just as in the two-user case. In comparing SLBA and CLBA in Fig. 9 (c) and
(d), the user “soccer” has decreasing PSNR in SLBA, but almost constant PSNR in CLBA, and
conversely, user “football” has almost constant PSNR in SLBA, but decreasing PSNR in
CLBA. It is because the user “football” requests the most amount of resources (see Fig. 4) and
it allows some resources to the user “soccer” when the channel state of the user “soccer” gets
bad. As the result, the resource allocation of CLBA becomes proportionally fair in terms of
PSNR, as well as considering the channel states.
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Fig. 10. Fairness comparison of four resource allocation strategies in Four-user Case

The ratios of PSNR of “soccer” to that of another were illustrated in Fig. 10. The graph
helps to analyze the fairness of the four allocation strategies. That is, the ratios mean how much
fair the PSNR of the user “soccer” by comparison with those of the other three users. In ERA,
the ratios are nearly constant in any channel state of the user “soccer”. MRA and SLBA look
unfair because the ratio varies according to the channel states of the user “soccer”. On the
contrary, because the ratios of ERA and CLBA are nearly constant, they seem to be fair. It is
because both strategies consider the changes of the channel states of the users. In particular,
CLBA can be said to be proportionally fair just as explained in the two-user case.
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5. Conclusions

This work started from motivation that if resources are allocated without considering channel
states in wireless networks, the resources that users receive in mobile stations may be different
from planned resources in base stations. Moreover, since the channel states cannot be decided
by users themselves, the base stations should consider the channel states of users for fair
allocation of multimedia resources in wireless networks.

For the reason, the cross-layer design was devised by considering interaction between-APP
and PHY layers for the purpose of resource allocation for practical video streaming service in
WiIMAX environment. In addition, to realize the fair resource allocation in the cross-layer
design, the game theory, a mathematical and economic tool, was adopted for establishing the
strategy of resource allocation in the base station. By illustrating the simulation results, the
proposed cross-layer resource allocation strategy has been proved to be superior to the other
strategies such as equal rate allocation (ERA), maximal rate allocation (MRA), and single layer
bargaining allocation (SLBA) in terms of fairness. In fact, it is insisted that proportional
fairness is reasonable in heterogeneous video streaming service. Hence, the KSBS was adopted
for establishing the allocation strategies.

The simulation experiments illustrated that ERA and CLBA were fair compared to MRA
and KSBS from the viewpoint of users. That is because ERA and CLBA consider the channel
states of users, which are enabled by the feedback of PSNR in WiMAX. In addition, two
bargaining allocation strategies, SLBA and CLBA, can consider heterogeneity of video
sequences because adapting PSNR to QoS. As the result, the proposed strategy of cross-layer
bargaining allocation (i.e. CLBA) can be said to be proportionally fair considering both the
channel states (i.e. CINR) in PHY layer and QoS (i.e. PSNR) in APP layer.

The novelty of this research is that the game theoretic approach was adopted for cross-layer
design in wireless multimedia network. The game theory was often used to address cooperative
behaviors in telecommunication network. However, there was no research which considers
game theory for cross-layer wireless multimedia transmission.

Since wireless multimedia service surely spreads continuously with growth of wireless
telecommunication devices, the practical consideration of QoS for multimedia users should be
made with the in-depth cross-layer optimization of network stations in future.

References

[1] Z.Dziong and L.G. Mason, “Fair-efficient call admission control policies for broadband networks
- a game theoretic framework,” IEEE/ACM Transactions on Networking, vol.4, no.1, pp.123-136,
1996.

[2] Y. Pei and J. Modestino, “Multi-layered video transmission over wireless channels using an
adaptive modulation and coding scheme,” in Proc. of Int. Conf. on Image Processing, vol.2,
pp.1009-1012, 2001.

[3] H.Schwarz, D. Marpe, and T. Wiegand, “Overview of the Scalable Video Coding Extension of the
H.264/AVC Standard,” IEEE Transactions on Circuits and Systems for Video Technology, vol.17,
no.9, pp.1103-1120, 2007.

[4] M. van der Schaar and S. Shankar, “Cross-Layer Wireless Multimedia Transmission- Challenges,
Principles, and New Paradigms,” IEEE Wireless Communications, vol.12, no.4. pp.50-58, 2005.

[5] Y. Shan, “Cross-Layer Techniques for Adaptive Video Streaming over Wireless Networks,”
EURASIP Journal on Applied Signal Processing, vol. 2005, no.2, pp.220-228, 2005.

[6] C.Jang,J. Kim, W. Choil, and C. Lee, “A Development of H.264 Encoder Adapted to the WiBro
Communication Environment for the Real-Time Tele-operation of Robots,” in Proc. of Int. Conf.
on Convergence Information Technology, pp. 125-128, 2007.

[7] 1. Haratcherev, J. Taal, K. Langerdoen, R. Lagendijk, and H. Sips, “Optimized Video Streaming
over 802.11 by Cross-Layer signaling,” IEEE Communications Magazine, vol.44, no.1,

Published in KSII Transactions on Internet and Information Systems, Vol. 4, No. 6, Dec 2010, pp. 1006-1022.



16 Hong et al.: A Cross-Layer Approach to Fair Resource Allocation for Multimedia Service in WiMAX

pp.115-121, 2006.

[8] H.S.Kim, H.M. Nam, J.Y. Jeong, S.H. Kim, S.J. Ko, “Measurement based channel-adaptive video
streaming for mobile devices over mobile WiMAX,” IEEE Transactions on Consumer Electronics
vol.54, no.1, pp.171-178. 2008.

[9] B. Girod and N. Farber, “Wireless video,” in Compressed Video Over Networks, Eds: A. Reibman
and M.-T. Sun, New York: Marcel Dekker, 2000.

[10] S. Berson, “Aggregation of internet integrated services state,” in Proc. of 6th Int. Workshop on
Quality of Service, pp.26-28, 1998.

[11] F. Kelly, A. Maulloo, and D. Tan, “Rate control for communication networks: Shadow prices,
proportional fairness and stability,” Journal of the Operational Research Society, vol.49, no.3,
pp.237-252, 1998.

[12] H. Park and M. van der Schaar, "Bargaining Strategies for Networked Multimedia Resource
Management,” IEEE Transactions on Signal Processing, vol.55, no.7, pp.3496-3511, 2007.

[13] J. Nash, “The bargaining problem,” Econometrica, vol.18, no.2, pp.155-162, 1950.

[14] E. Kalai and M. Smorondinsky, “Other solutions to Nash’s bargaining problem,” Econometrica,
vol.43, no.3, pp.513-518, 1975.

[15] H. Park and M. van der Schaar, “Multi-user multimedia resource management using Nash
Bargaining Solution,” in Proc. of IEEE Int. Conf. on Acoustics, Speech, and Signal Process, vol.2,
pp.717-720, 2007.

[16] B. J. Borgstrom and M. van der Schaar, “Rate Allocation for Noncollaborative Multiuser Speech
Communication Systems Based on Bargaining Theory,” IEEE Transactions on Audio, Speech, and
Language Processing, vol.15, no.4, pp.1156-1165, 2007.

[17] V. Corvino, V. Tralli, and R. Verdone “Cross-layer radio resources allocation for multi-carrier air
interfaces, in multi-cell multi-user environments,” IEEE Transactions on vehicular technology,
vol.58, no.4, pp.1864-1875, 2008.

[18] W. Huang and K. Letaief, “A cross-layer resource allocation and scheduling for multiuser
space-time block coded MIMO/OFDM systems,” in Proc. of IEEE Int. Conf. on Communications,
2005.

[19] F. Florén, O. Edfors, and B.-A. Molin, “The effect of feedback quantization on the throughput of a
multiuser diversity scheme,” in Proc. of IEEE Conf. on Global Communications, vol.1,
pp.497-501, 2003.

[20] M. Johansson, “Benefits of multiuser diversity with limited feedback,” in Proc. of IEEE Workshop
on Signal Processing Advances in Wireless Communications, pp.155-159, 2003.

[21] Z. Han, Z. Ji, and K. Liu, “Fair Multiuser Channel Allocation for OFDMA Networks Using Nash
Bargaining Solutions and Coalitions,” IEEE Transactions on Communications, vol.53, no.8,
pp.1366-1376, 2005.

[22] K.-D. Lee and V. C. M. Leung, “Fair allocation of subcarrier and power in an OFDMA wireless
mesh network,” IEEE J. Sel. Areas Communications, vol.24, no.11, pp.2051-2060, 2006.

[23] J. Reichel, H. Schwarz, and M. Wien, “Joint scalable video model JSVM-9,” in: ISO/IEC
JTC1/SC29/WG11 and ITU-T SG16 Q.6, JVT-V202, 2007.

[24] D. Tse and S. Hanly, “Multi-access fading channels- Part I: Polymatroid structure, optimal
resource allocation and throughput capacities,” IEEE Transactions on Information Theory, vol.44,
no.7, pp.2796-2815, 1998.

Published in KSII Transactions on Internet and Information Systems, Vol. 4, No. 6, Dec 2010, pp. 1006-1022.



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. x, NO. x, December 2011 17

Seok Hoon Hong received a B.S degree in electrical engineering from Kyunghee
University, Suwon, Korea, 2009. Since March 2009, he has been pursuing a M.S degree
at the Graduate School of Electronic and Micro Wave Engineering, Kyunghee
University, Suwon, Korea. His research interests include multimedia resource
allocation in wireless communications, and Scalable Video Coding (SVC) service in
Cooperative systems in LTE.

Lee Yong Hun received a M.S. and B.S. degrees in electrical engineering from
Kyunghee University, Suwon, Korea, 2006 and 2008, respectively. Since March 2008,
he has been pursing a Ph.D degree at the Graduate School of Electronic and Micro
Wave Engineering, Kyunghee University. His research interests include multimedia
streaming, wireless communications.

Jung Jae Yoon received the Ph.D., M.S., and B.S. degrees in Industrial Engineering
from Seoul National University in 1999, 2001, and 2005, respectively. He is currently
an assistant professor in the Industrial & Management Systems Engineering Department
at Kyung Hee University, Korea. His research interests include enterprise information
systems, internet business, ubiquitous service, game theory, etc.

Suh Doug Young received his B.S. degree in Nuclear Engineering from Seoul National
University in 1980, and Ph.D degree in Electrical and Computer Engineering from
Georgia Tech. in 1990. In September 1990, he joined Korea Academy of Industry and
Technology and conducted research on HDTV until 1992. Since February 1992, he is a
professor in College of Electronics and Information in Kyunghee University. His
research interests include networked video and video compression. He has been
working as a Korean delegate for ISO/IEC MPEG Forum since 1996.

Published in KSII Transactions on Internet and Information Systems, Vol. 4, No. 6, Dec 2010, pp. 1006-1022.



