Performance Analysis and Cross Layer Optimization for
Multimedia Streaming over Wireless Networks

Antonio Ao, Zhung-Han Wu, and Ping-Cheng Yeh

Graduate Institute of Communication Engineering,
National Taiwan University, Taipei, Taiwan
{r96942044,£97942031,pcyeh}@ntu.edu. tw

Abstract. Multimedia data are sensitive to delay which deteriorates the video
quality and the perception of the viewer. Due to the sensitivity to the delay,
transmitting multimedia data over inherently variant wireless channels is a big
challenge. Although wireless systems have employed adaptive modulation and
coding (AMC) to combat the variation of the environment, the possible delay in
the buffers still has impacts on the video quality. In this paper, the focus is on
the performance of wireless multimedia streaming using AMC. In particular, the
video frame error rate and the resulting GOP distortion for video streaming is an-
alyzed. Itis observed that the video quality depends on the target packet error rate
of the AMC, which also determines the SNR thresholds of AMC. Through our
analysis, the optimal target PER of AMC and the resulting SNR thresholds can be
obtained to achieve the optimal video quality that minimizes the GOP distortion.

Keywords: queueing analysis, cross layer optimization, multimedia, streaming,
AMC, distortion.

1 Introduction

Multimedia streaming faces a big challenge in delivering multimedia data within strict
delay bound for the receiving node to reconstruct the video streaming in time. On the
other hand, the nature of the varying wireless channels results in even bigger chal-
lenge for wireless multimedia streaming. Different techniques have been proposed to
deal with the varying channels. Adaptive modulation and coding (AMC) is a technique
commonly used which dynamically adjusts the modulation and coding according to
the channel condition to maximize the overall throughput. When multimedia streaming
application is performed upon wireless networks with AMC, the video quality is signif-
icantly affected by AMC. When the channel condition is bad, AMC transmits data with
low rate mode to ensure low probability of error during the transmission. Yet, there is
a tradeoff here. Due to the low transmission rate of AMC under the poor channel state,
the data packets may be queued in the buffer and experience longer delays due to bad
channel conditions. Under such circumstances, the delay sensitive multimedia packets
may be dropped due to timeouts and buffer overflows. The dropped packets thus cause
severe deterioration to the quality of the reconstructed video.

In the literature, several works explore the effect of AMC on the queueing behavior
of wireless transmissions. The first study analyzing the queueing behavior of wireless
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transmissions with AMC is given in [I]]. The queueing analysis is extended for AMC
with automatic repeat request (ARQ) incorporated [2]. In [3], the queueing analysis
with AMC over MIMO system is studied. It is noted that the works in [[1,2,3] do not
consider the timeout problem of delay-sensitive traffic when transmitting with AMC.
There have been some works focusing on the issue. In [4], the authors consider the
problem of scalable video transmission with adaptive BCH codes. However, BCH codes
are not commonly used in practical AMC. In [5[6], the timeout probability of video
traffic over AMC transmission is analyzed using the effective capacity method. The
quality of the reconstructed video and the effect of cross traffic from other multimedia
streams are not considered in these works.

In this paper, a cross-layer optimization algorithm for maximizing video quality is
proposed. The queue of multimedia streaming via AMC is first analyzed. The analysis
is then applied to analyze the video frame error rate (VFER) and the resulting GOP dis-
tortion for the video streaming. The effect of the interruption of cross traffic from other
multimedia streams is also analyzed. It is observed that the video quality depends on
the target packet error rate (PER) of AMC, which also determines the SNR thresholds
of AMC. Through our analysis, the optimal target PER of AMC and the resulting SNR
thresholds can be obtained to achieve the optimal video quality that minimizes the GOP
distortion.

The remainder of the paper is organized as follows. In Section[2] the system model
is first described. In Section Bl we analyze the video streaming quality for the case
of single multimedia stream. In Section ] we extend the work to the case of multi-
ple streams. The analysis in these sections enables us to determine the optimal AMC
for video streaming. In Section 3} the numerical results are presented. Finally, the
conclusions are given in Section [6

2 System Model

2.1 System Description

The block diagram of wireless multimedia transmission from a base station to a mobile
receiver through fading channels is illustrated in Figure[Il At the base station, a classi-
fier divides the arriving packet into two categories, delay sensitive multimedia packets
and delay insensitive data packets. The two classes of packets are sent to two different
buffers, the media buffer and the data buffer respectively. In this work, we consider a
general model which allows the base station to serve multiple multimedia streams at the
same time. At the mobile receiver, it estimates the channel quality to decide the AMC
mode to use. The AMC mode choice is then fed back to base station for the PHY mode
controller to adjust the modulation/coding for packet transmissions.

2.2 Packet/MAC Frame Structure

Real-time multimedia packet transmissions employ UDP protocol to avoid the extra
delay caused by retransmissions. As shown in Figure[2l a UDP packet contains header,
payload and CRC. The packet accommodates [N, = 11680 bits (1460 bytes). The CRC
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Fig. 3. MAC frame structure

is assumed perfect for packet error detection. If a packet is detected to be in error, the
packet is dropped and declared packet loss. The header and the CRC parity bits are
assumed to be negligible for throughput calculation.

Fig. 3| illustrates the MAC frame structure. Each MAC frame consists of header,
trailer and packets coming from upper layer. Each MAC frame contains Ny symbols
and the MAC frame duration is Ty seconds. Given the AMC mode is in mode n with
transmission rate R,,, the value of N, can be calculated by

kn N b kn N b
Ns = No’uerhead + Rn ~ Rn ) (l)
where k,, is the number of packets in a MAC frame, and Nyyerheqad denotes the number
of symbols of physical layer overhead. Note that N,yernead can be ignored because it
is much less relative to the number of payload symbols. Thus

kn~ "R, =0bR, (2)

where b £ N, /Ny, b is the number of total packets grouped together per MAC frame
given rate R,,.
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2.3 AMUC Transmission Modes and Packet Error Rate

In this paper, the following transmission mode (TM) for physical layer AMC is consid-
ered. The transmission modes use M,, QAM modulation with punctured convolutional
codes. Monte Carlo simulation is conducted to obtain the exact PER. The simulation
block diagram is depicted in Figure @l The generator polynomial of mother code is
g = [133, 171], and the coding rate and puncturing pattern are adopted from IEEE
802.11a [[7]. The packet size is set to be the same as N, (1460 bytes). For the sake
of analysis, the simulated PER of each AMC mode n is fitted by a piecewise function

pn(7) as

1, if v < Ypn
Paly) = {exp(an = 9n7), ifY > Ypn, )

Simulation and fitting results are shown in Figure[3l The figure shows the fitting curves
well match the simulation curves. In Table [I] we summarize the fitting results of each
transmission mode.
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Fig. 5. Packet error rate versus channel SNR in different modes, packet size = 1460 bytes
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Table 1. Curve fitting parameters in different modes

Mode 0 Mode 1 Mode 2 Mode 3 Mode 4

Modulation - QPSK 16-QAM 16-QAM 64-QAM
Coding Rate R, - 12 12 3/4 2/3
R, (bits/sym.) 0 1 2 3 4

an - 97413 7.6572 77266 6.5429

In - 51606 1.0960 0.5430 0.1022
Y (dB) - 3 9 12 16

2.4 FSMC Wireless Channel Model

FSMC is widely used to model the varying wireless channel which matches well with
the actual channel measurement experiments. The channel SNR is partitioned into N +1
non-overlapping consecutive intervals by the SNR threshold points {7, f:’jol, and each
SNR interval is associated with an AMC mode. When the received channel SNR + falls
in [Yn, Yn+1), the channel is said to be in channel state n and AMC mode n is used for
transmission. The SNR thresholds {%}ﬁjjol are determined by the QoS criteria in the
following section. Based on [9]] and [10], the probability of the channel being in state
n is

Pr(n) = / o p(y)dy

n

— 7 T (4)

where -
I'(m,x) :/ t™ L exp(—t)dt

is the complementary incomplete Gamma function, and

mm,ymfl my

() exp(— y ) 5)

p(y) =
is the probability density function (pdf) of the commonly used Nakagami-m distribu-
tion for modeling the receive channel SNR. Note that v = E{~} denotes the average
received SNR and I"(m) = [~ t™ ! exp(—t)dt is the Gamma function.

Since the channel is varying continuously, it is generally assumed that the channel
state transition probability P,, , = 0 for any nonconsecutive states 1, n such that
|m — n| > 2. The remaining nonzero transition probabilities are the adjacent-state
transition probabilities which can be computed as

Ny Ty .
Py = ifn=01,.. N—1.
e Pr(n) iftn=0

N.T; .
Py = ifn=1,..,N, 6
n—l Pr(n) mn ©)



652 A. Ao, Z.-H. Wu, and P.-C. Yeh

where N,, denotes the level crossing rate of state n. The value of N,, can be approxi-
mated by
N, = \/27de (mvn )m—0.5
I(m) " v
where fy denotes the maximum Doppler shift. The (N + 1) x (N + 1) channel state
transition probability matrix P, can then be expressed as

myy,
— , 7
exp( y ) (7

—I—P()’l P()’l 0
Piop 1-=Po—PFPip P

Py_in-2 1—-Py_inN-2—Pn_1n Pnoin
0 Py N1 1—PnN-1]

2.5 QoS Criteria and AMC SNR Thresholds

In this paper, we consider the QoS criteria which requires the target average PER of the
AMC, PER, to be P,. The average PER of AMC in mode n is of the form

1 IYn+1
PER,, = Pr(n) /n exp(an — gny)p(y)dy
_ exp (an) m\"™ F(m7 bn’}/n) - F(m7 bn’}/n-&-l)
Pr(n) I'(m 0% (bp)™
,n=1,..,N, 9)

where m
bn - + gn- ( 1 0)
vy

The average PER of AMC can then be obtained as the ratio of the average number of
error packets over the total average number of transmitted packets. Together with the
QoS criteria, we have the following equation

n=1

SN | R,Pr(n)PER, 5
SN RaPr(n)

PER = (11)

One can find the AMC SNR thresholds {%}ﬁjjol from the equation above following
the algorithm in [[1]], which we omit the details here.

2.6 Queueing Model

Detailed description of the queueing model is given as follows.

Queueing Policy. The media buffer and the data buffer are both of finite buffer lengths.
The time is divided into slots, each of length equal to MAC frame duration 7’s. Each
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buffer operates following the first-come first-serve (FCFES) policy. When the buffer is
full, the newly arrived packets are dropped. Each packet in the queue waits for at most
P time slots for service before it gets timeout and discarded. There is no retransmission
when multimedia packet transmission error occurs so as not to introduce extra delay.
Throughout the paper, it is assumed that the media buffer has higher priority over the
data buffer. The data packets are served only when the media server is empty. Thus the
focus is on analyzing the performance of the media queue in this paper.

Arrival Process. For the media queue, it is assumed that the aggregated packet arrival
from multiple multimedia streams is a Poisson process with mean \T'r. The probability
mass function of the number of arrival is

(AT§)* exp(=ATy) .
P(A=k) = il  ifk 20 (12)
0, else,

where A € {0,1,2,...}. In the case of multiple multimedia streams, we assume the
video packets of each multimedia stream arrive in a batch during each slot due to the
packet aggregation of the stream in the previous hop. This indicates that in each slot,
packets from certain stream A either all arrive before or all arrive after the packet batch
of another stream B. It is assumed that there are no interlacing of packets from two
different multimedia streams within each slot.

Service Policy. The service rate of the queue dynamically adjusts according to the
channel state and the associated AMC mode. When the FSMC state is n, the AMC is in
mode n which transmits c,, packets per time slot. From (@), it is noted that ¢,, = k,, =
bR,,. The set of all possible service rates is denoted by ¥ = {cg, c1,...,cn }. At the
beginning of the slot, the server discards the time-out packets which have waited for P
time-units. The server sends packets out of the queue at the beginning of the slot based
on the service rate ¢ € ¥ of the slot. It is also noted that the packet arrivals within each
slot can not be served until the next slot.

3 Performance Analysis for Single Stream Case

In this Section, the queue is studied for the case of single multimedia stream. In par-
ticular, we induce a refined Markov chain from the queue. The state of the refined
Markov chain specifies the current service rate resulted from AMC, and the delays ex-
perienced by the current packets in the queue. The transition probabilities of the refined
Markov chain is derived and it enables us to find the steady state probability of the re-
fined Markov chain. The steady state probability is further used for analyzing the video
quality of the multimedia stream.

3.1 Refined Markov Chain

Let S(c,u,,...,up) denote the state of the refined Markov chain induced from the media
queue, where ¢ € ¥ denotes the service rate of the server at the time and u,; denotes
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the number of packets having waited ¢ time slots in the queue. In particular, up denotes
the number of packets having waited P time slots and thus exceeded their lifetimes.
Since the media buffer is of finite length K, we can express the space of all valid u =
(u1, ceny UP) as

13)

UEQ, = {(ul,u2,...,uP) and uy + us + ... + up < K

u; € {0,1,...,K},i=1,..,P }

For the sake of clarity, we also use the notation of S(.. ) to denote S(. ,, ... ,u,) through-
out our work. The total number of states for the refined Markov chain can be is

(P4+n—1)!

K K
L=(N+1)Y HY=(N+1)>_ P 1yt -

n=0 n=0

(14)

Based on the queueing model in Section[2.6] one can observe that for the refined Markov

chain of current slot to transit from S(c w) = S(c,us,....up) 10 Saw) = Sd,vn,...,vp) N
the next slot, where (¢, ) and (d, v) must satisfy the the following constraints:
1. For the element vp,
vp = max{0,up_1 — c}. (15)
2. Forthe vp_,, term, where 1 <n < P — 1,
n+1 . _
S {max{O7 ijl vp_j — ¢}, %f’l)an+1 =0 (16)
UP—n—1, ifvp_py1 # 0.

3. Given the current state of the refine Markov chain is S(.. ), the number of packets
remaining in the queue within after the packet transmissions of the current slot is

P—-1
Licy = max{0, »_u; —c}, (17)
j=1

and the number of free space in the queue is
P—1
Flewy = K = Lie.uy = K —max{0, Y u; — c}. (18)
j=1

If there are total of A packets arriving during the slot, it is obvious to see that v,

satisfies
{ A, if A < Flew
v = ’

F(qu), if A 2 F(c,u)~ (19)

From the constraints above, we can derive the L x L transition probability matrix of the
refined Markov chain. Define the transition probability matrix as

P = [Pu) () (20)

where P ) (a,0) denotes the transition probability from S, ) t0 S(g.), ¢,d € ¥
and u,v € 2. The transition probability depends on the service rate transition, arrival
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process, and waiting times experience by the current packets in the queue. It can be
derived as

Pe,ay,(uw) = P(S(a,0)|S(c,uwy) = P(dle)P(v|Sc.u)) = Pe,aP(v[Scw)), 21

where P, 4 is the transition probability of the service rate. Note that the service rate
transition is determined by the FSMC state transition. If ¢ = ¢,, and d = d,,, Pr.q =
P. 4. = Py of matrix P, in (§). On the other hand, for P(v]S(c,)), it is easy to see

[

P(v|S(c,u)) = 0if ¢, u v do not satisfy the constraints (I3),(I6). Thus we have

P(v1]S(cw)), if v, c and u satisty (3 ,(I6)
P(|S(eu) = {0’( 15e) else, Y (22)
with
.P(A:'Ul)7 U1 <F(cu)
P(U1|S cu ) = Fleu o (23)
CTT = SR PA= k), 01 > Few

Through 2I)-23), one can obtain P in (20). Denote the steady state probability of the
refined Markov chain at state S ., by 7(c,.,). Since matrix P is irreducible, The steady
state vector m = [m(.,,)] satisfies

=P, > e =1 (24)
cE Vel

One can easily solve for m numerically.

3.2 Video Frame Error Rate Analysis

In MPEG video compression, the video sequence is divided into group of picture (GOP)
for data compression. In each GOP, the video codec generates different types of frames,
i.e. I-frame, P-frame and B-frame. The size of I-frame is generally larger than that of
P-frame and B-frame. Due to varying length of the video frame, the VFER is different
for different type of frames, which is a big challenge.

Assuming that the length of the video frame considered is fragmented into N, pack-
ets for transmission. We assume that these N, packets arrive the base station within one
time slot. There are three possible events that causes the video frame to be in error at
the receiver.

1. Blocking event B: Any of the IV, packets fails to enter the media queue when the
buffer is full.

2. Timeout event 7: Any of the N, packets gets discarded due to waiting for P slots
in the queue.

3. PHY transmission error event £: Any of the N, packets experiences transmission
error when transmitted by AMC.

Define Pg = P(B), Pr = P(T), and P = P(&). These probabilities are derived as
follows.
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Blocking Probability. From the steady state probability 7 of the refined Markov chain,
we can derive Py as

Ps= Y P(B[S(cuw)T(ew, (25)
ceEV ueS?

where P(B|S|.,.) is the probability of frame error due to blocking packets given S ).
The probability can be expressed as

P(B‘S(cvu)) = P{07F(C7u) — N, < 0}

P—1
_ L > .ui—c—Nv <0 (26)
0, otherwise.

Timeout Probability. The timeout probability can also be derived from 7 as
ceEV,ues?)

where

(28)

Q/ — [xl To -TP] $i2071'1+1'2+...+$p§K,
c s L2y euey 1+ Ty+ ..+ xp_1—c> N,

is the set of possible w which ensures that the blocking event will not occur given the
current service rate ¢. Let dy, da, ..., dp—1 be the service rates in following (P — 1) time
slots. Note that a necessary condition for any of the IV, packets to be timeout is
P—1
di+do+..+dp 1 < L(c,u) + N, = HlaX{O7 Z Uj; — C} + N, = I(C)u), 29)
j=1
i.e. the total amount of the served packets in the next following P — 1 time slots is
less than the current queue length plus N,,. This is not a sufficient condition since it is
possible to have packets in L., to get timeout which saves the INV,, packets from time
out even if the inequality does not hold. The probability of the necessary condition is
an upper bound of P(7|S.,,)). We use it as an approximation of P(7[S(, ), which
can be computed as

P(T|S(C)u)) é Z Pc,dlpdl,dg T Pdp_Q,dP_u (30)
di+dat...+dp_1<I(c u)
where { Py, 4, } is the FSMC transition probabilities from P, in (8).

PHY Transmission Error Probability. Given that the QoS criteria demands the AMC
to maintain a target PER of Py, Ps can simply derived as

ceEV, ue 2,

With the three probabilities, one can see that the VFER of video frames of size N,
packets is a function of N,, and P, which can be expressed as

g(NmPo) =P+ (1 — PB)PT + (1 — PB)(I — PT)Pg
=1-(1-F)(1—Pr)(1 - Fe). (32)
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3.3 Video Codec Performance Analysis and Optimization

The performance of a video codec is often evaluated by the GOP distortion and
the peak signal-to-noise ratio (PSNR). Given the target error rate Py of the AMC, the
expected GOP distortion can be computed as

Dgop(Po) =Dy = > AD [[ (1 —&(R), (33)
l

=<1

where Dy is the expected distortion if no video frame from the GOP is received, A D;
is the expected distortion reduction if the [-th frame of the GOP is correctly received
(given the previous (I — 1) frames are all correctly received). The model assumes that
given any of the frame prior to the [-th frame is corrupted, the content embedded in the -
th frame is not decodable. The values of D and A D; are codec and content dependent.
One can obtain these values simply from simulation. The VFER &;(P)) is the error rate
for the [-th frame in the GOP. Depending on the frame type of the [-th frame (I, P, or B)
and the video content, one can find the average length IV, of the [-th frame in the GOP
via simulation. From the VFER analysis in the previous section, we can compute &; as

§i(Po) = (N, Po).- (34)
From the GOP distortion, we can compute the PSNR I'(FP) as

2552
Dcop(FPo)

One can see that the GOP distortion and the PSNR is a function of FPy. The AMC can
be optimized for the video streaming performance by finding the optimal target PER
Py that maximizes I'(Fy), and then determine the SNR thresholds of the AMC from
Py following the algorithm in [T].

I'(Py) = 10log, ( ) (dB). (35)

4 Performance Analysis for Multiple Streams Case

For the case of multiple multimedia streams, the cross traffic from other multimedia
streams arriving the media queue earlier than the packet arrivals of the concerned stream
has to be considered. In Figure |6 the arrivals from the cross traffic and the concerned

T
cross trafhic video
packets packets

Fig. 6. Cross traffic arrival
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video streams are depicted for the duration of a slot. Denote the arrival rate of the cross
traffic by \’ and the arrival time of the video packet batch from the concerned stream by
7. Due to the property of Poisson arrival process, 7 is of uniform distribution U (0, ).
The probability having « cross traffic packets arrival ahead of the video packets from
the concerned stream can be derived as

P(Ac:a):/ P{/\Tza}-TdT
0 !

_/Tf ()\/T)ae—Xr ldT

! =X - ol / a—1i
= NT - al {a!—e Affz(a_i)!()\ Tf) } (36)

i=0

The queueing analysis with the presence of cross traffic is generally a difficult task. To
simplify the analysis, we assume that during the steady state, the cross traffic arrivals
during a slot will not cause the refined Markov chain to deviate from its steady state
to a great extent. The performance of the video streaming can be analyzed simply by
applying the analysis in Section 3| with modified P and Pr. Note that Pe is unaffected
by the cross traffic.

Modified Blocking Probability. The blocking probability with the interruption of
cross traffic during the steady state can be written as

PB = Z P(B|S(C)u))ﬂ'(c’u), (37)
ceEV ueS?

where

P(B‘S(c,u)) = P{AC > max(07 F(qu) — Nv)}

Blew)
=1- Y P(A =a), (38)
a=0
with 3. .,y defined as
ﬂ(c,u) = maX{07 F(c,u) - N?)}- (39

Modified Timeout Probability. The modified timeout probability can be expressed as

Pr = Z Z P<T|S(c,u)aAc = Oé)

S(e,u) €4S e,y | Fe,ry>No} | @<max{0,F (. u)—Ny}
P(S(c,u)vAc = Oé)

6(c,u)
= Z Z P(T‘S(C,’U/)? AC = a)P(AC = O[)ﬂ-(c’u)-

ceEV,uef!, a=0
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Define the number of total packets in the queue including N,, video packets and cross-
traffic packets as
I(c,u) = L(c,u) + Ny + A, (40)

we can obtain P(7|S ..., Ac = a) as

P(T|S(c,u), Ac = a) = Z Pc,d1Pd1,d2 e Pde’defl’ 4D
di+de+...+dp_1<I(c )

Recall that Py, 4, are elements of P, in (8).

5 Numerical Results

In this section, the numerical experiment results are demonstrated to verify our per-
formance analysis for the video streaming. We consider the transmission of MPEG2
video over wireless LAN. The case of two video streams streaming at the same time is
simulated. Both streams have the same content and identical codec setting. The simple
MPEG-2 profile is used for video compression, and the codec settings are summarized
in Table 2l Note that N, (I) denotes the number of packets fragmented from I-frame
and N, (P) denotes the number of packets fragmented from P-frame. The simulation
parameters of the numerical experiments in this section are summarized in Table Bl

Table 2. MPEG-2 codec setting

Sequence Foreman
Frame rate 30 frames/sec
GOP 5
Resolution 176 x 144
Chroma format 4:2:2
Bit-rate 280kbps , 380kbps
Ny(I) 2 packets , 3 packets respectively
N, (P) 1 packet
Frame pattern IPPPP

Figure[Zshows curves of the VFER &(N,,, Py) versus the target PER P, of the AMC.
The solid lines are computed from our analysis whereas the dashed lines are obtained
from simulations. One can observe that the proposed analysis is very accurate in cap-
turing the VFER and the tradeoff associated with Fy. When the target PER P, is set too
small, the AMC transmits with very low rate. As a results, video packets are queued in
the buffer and many of them get expired before transmission. As a result, the VFER is
increased. On the other hand, when P is very large, though the AMC transmits with
high rate which reduces the timeout probability, the PHY errors occur with high prob-
ability. As a result, VFER is also increased. Therefore, there is an optimal choice of
Py to minimize the VFER. The star marks in the figure denote the VFER minimum for
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different values of NV,,. It is observed that the optimal F, is different for different N,,. To
determine the optimal Py to use, the overall PSNR performance has to be considered.
From the analytical VFER curves of different NV, in Figure [/l the GOP distortion
D¢cop(Py) and the resulting PSNR can be computed. The results are illustrate in Fig-
ure[8] The dashed lines and the solid lines nearly overlap which indicates our analysis
is also accurate in capturing the PSNR performance. From the maximum point of the
PSNR curves, we can find the optimal target PER Py for the video streaming. The SNR
thresholds of the AMC can be determined accordingly. Note that the optimal P, of
PSNR is not necessary the same with the optimal P, of VFER shown in the previous

VFER
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0.35

Table 3. Simulation Parameters

Packet size N 1460 bytes

Slot duration Ty 6ms

b defined in @) 1

The mean of Poisson arrival AT 1 packet/slot
Queue size K 10 packets
Nakagami parameter m 1 (Rayleigh fading)
Average SNR v 22 dB

Doppler frequency fq7's 0.02

Packet timeout P 4 slots

Target packet error rate Py from 10™* to 107!

0.3

_*_Nv=3
—e—N,=2

figure.

Target packet error rate P0

Fig.7. VFER &(N,, Py) versus Py with P = 4
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Average PSNR (dB)

10 —8— Bit-rate = 280 with NV(I) =2 and NV(P) =1
—o— Bit-rate = 380 with NV(I) =3 and NV( ) =1

9 " S ———— "
_4

107 107 107
Target packet error rate P0

Fig. 8. Average PSNR in GOP versus Py with P = 4

6 Conclusions

In this paper, an analytical framework has been proposed to analyze the performance
of streaming delay sensitive multimedia packets over the wireless fading channel em-
ploying the AMC transmission scheme at physical layer. Through the framework, the
video frame error rate of video frames of different lengths has been derived. The GOP
distortion and the associated PSNR have also been obtained from the video frame er-
ror rate. The PSNR can be expressed as a function of the target AMC PER. From the
PSNR analysis, one can obtain the optimal target AMC PER to determine the optimal
SNR thresholds for the AMC to support multimedia streaming. Simulations show that
the proposed analysis is accurate in capturing the performance of the video streaming.
It is useful for optimizing the performance of wireless multimedia streaming.

Acknowledgment

This work was supported in part by the Excellent Research Projects of National Tai-
wan University under Contract 97R0062-06, by the National Science Council under
Contract NSC97-2220-E-002-017, by the Ministration of Education.

References

1. Liu, Q., Zhou, S., Giannakis, G.B.: Queueing with Adaptive Modulation and Coding over
Wireless Links: Cross-layer Analysis and Design. IEEE Trans. Wireless Commun. 4(3),
1142-1153 (2005)



662

11.

12.

13.

A. Ao, Z.-H. Wu, and P.-C. Yeh

. Liu, Q., Zhou, S., Giannakis, G.B.: Analyzing and Optimizing Adaptive Modulation Coding

Jointly with ARQ for QoS-guaranteed Traffic. IEEE Trans. Veh. Technol. 56(2), 710-720
(2007)

. Zhou, S., Zhang, K., Niu, Z., Yang, Y.: Queueing Analysis on MIMO Systems with Adaptive

Modulation and Coding. In: IEEE Intl. Conf. Commun. (2008)

. Xu, J., Shen, X., Mark, J.W., Cai, J.: Adaptive Transmission of Multi-layered Video over

Wireless Fading Channels. IEEE Trans. Wireless Commun. 6(6), 2305-2314 (2007)

. Zhang, X., Tang, J., Chen, H., Ci, S., Guizani, M.: Cross-Layer-Based Modeling for Quality

of Service Guarantees in Mobile Wireless Networks. IEEE Commun. Mag. (January 2006)

. Harsini, J., Lahouti, F.: Adaptive Transmission Policy Design for Delay-Sensitive and Bursty

Packet Traffic over Wireless Fading Channels. IEEE Trans. Wireless Commun. (2008)

. Doufexi, A., Armour, S., Butler, M., Nix, A., Bull, D., McGeehan, J.: A Comparison of the

HIPERLAN/2 and IEEE 802.11a Wireless LAN Standards. IEEE Commu. Mag. (May 2002)
Liu, Q., Zhou, S., Giannakis, G.B.: Cross-layer Combining of Adaptive Modulation and
Coding with Truncated ARQ over Wireless Links. IEEE Trans. Wireless Commun. 3(5),
1746-1755 (2004)

Molisch, A.: Wireless Communications. John Wiley and Sons, Chichester (2005)

Alouini, M., Goldsmith, A.: Adaptive Modulation over Nakagami Fading Channels. Wireless
Personal Communications 13, 119-143 (2000)

Razavilar, J., Liu, K.J., Marcus, S.: Jointly Optimized Bit-Rate/Delay Control Policy for
Wireless Packet Networks with Fading Channels. IEEE Trans. Commun. 50(3), 484494
(2002)

Yacoub, M., Bautista, J., de Rezende Guedes, L.: On Higher Order Statistics of the
Nakagami-m Distribution. IEEE Trans. Veh. Technol. 48(3), 790-794 (1999)

Chou, P.A., Miao, Z.: Rate-Distortion Optimized Streaming of Packetized Media. IEEE
Trans. Multimedia 8(2), 390-404 (2006)



	Performance Analysis and Cross Layer Optimization for Multimedia Streaming over Wireless Networks
	Introduction
	System Model
	System Description
	Packet/MAC Frame Structure
	AMC Transmission Modes and Packet Error Rate
	FSMC Wireless Channel Model
	QoS Criteria and AMC SNR Thresholds
	Queueing Model

	Performance Analysis for Single Stream Case
	Refined Markov Chain
	Video Frame Error Rate Analysis
	Video Codec Performance Analysis and Optimization

	Performance Analysis for Multiple Streams Case
	Numerical Results
	Conclusions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




