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Abstract

Inthis paper we proposed a performance model forreal-time video transmission over the uplink of the third generation wireless
network. The video traffic arrival is modeled as a marked discrete time batch Markovian arrival process with priorities. The
wirelesschannelisassumedtohavecorrelatederrorsthatfollowahidden Markovmodel. Weproposeaaprioritybasedscheduling
withautomaticrepeatrequest and overdue control for layered video transmission. The transmission time for an arbitraryradio
link control data burst is shown to follow a discrete phase type distribution. A DBMAP / PH /1 priority queueing model is
formulated for the video transmission buffer and the queueing behavior is simulated. Simulation results showed that better
quality of service could be achieved for the high priority queue.

1 Introduction

Inrecentyears, wireless video communication hasreceived much attention. The deployment of third generation (3G) wireless
networkswillinevitablyacceleratetheapplicationofwirelessvideo. Variousradiotransmissiontechnologies(RTT)areadopted
in3Gwirelessnetworks. The UMTS Terrestrial Radio Access(UTRA)and CDMA 2000 are based on CDMA while UWC-136
is based on TDMA. The basic transmission unit for 3G wireless networks is defined by time slot. During each time slot, a
specific size of data block, depending on channel coding methods, can be transmitted. This unit of data block is referred as
radio link control (RLC) burst. Real-time variable bit rate (VBR) compressed video is an important application in wireless
networks. Real-time video service is bandwidth starving and delay-constrained. VBR video source traffic may have high
peak-to-mean ratios and high autocorrelations. A survey of VBR video source model can be found in {9]. We are interested
in the discrete time batch Markovian arrival process (DBMAP), which had been introduced to model VBR video traffic [2].
The paper is organized as follows. In Section 2 we introduce the marked DBMAP process as real-time video traffic source
model. In Section 3, based on a hidden Markov modeled (HMM) wireless channel, we show that the transmission time of
an arbitrary RLC date burst follows a discrete PH-type distribution, and we propose a priority based scheduling algorithm
with ARQ control for video data transmission. In Section 4, a DBMAP / PH / 1 priority queueing model is formulated for
the video transmission buffer. Finally we introduce the simulation mode! for the DBMAP / PH /1 priority queue and provide
simulation results in Section 5.

2 Video Source Model: Marked DBMAP with Priorities

Consider the transmission procedure of a video packet over time-slotted 3G network, generally, the video packet is first cut
into data link layer segments. At the medium access control (MAC) layer, these link layer segments are further segmented
into fixed size RLC bursts. These RLC bursts are then fed into the wireless transmission buffer. The video packet can have
variable size, as a result, each video packet corresponds to a random-sized batch of RLC bursts. Further, arrival patterns of
video sources are often correlated, which can be captured by a Markov chain. These features naturaily lead to a discrete time
batch Markovian arrival process (DBMAP) modeled video source {1,2]. The DBMAP process, however, can only describe
single class or priority of arrivals. To extend the DBMAP process to more than one class or priority of arrivals, we take the
approach as the Markovian arrival process with marked transition [5].

Consider an n-state DBMAP arrival process with 2 types of arrivals, one type belongs tb the high priority and the other belongs
to low priority. In most applications, the maximum allowable arrival batch size is often bounded. For example, a video packet

only contains finite bytes of data. Let the maximum batch size for high priority arrival and low priority arrival be b, and b, ,
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respectively. The parameter matrices for the marked DBMAPare {Dyg, Do;,A , Dy, } allare n x n matrices. Suppose that
attimet,¢ > 0, the underlying Markov chain of the DBMAP process is in state j,1 < j < n; then at time epochz + 1, with
conditional probability Dy (J,J"),i; 20,i, 20, thereis a transition to state j',1 < j' < n, with a batch of i, high priority
arrivals and a batch of i, low priority arrivals, simultaneously. Here i, , i, could be 0. The transition probability matrix of the

underlying Markov chainis D = Z;T:o Zz:o D;; ,and the initial vector is @, with & = @D . The arrival rates for the high

iy
and low priority queue are given by
Ay = ”(Z;;l Z::l iDy,)e, 4 = ”(ZZL] ZZ;: iaD;; de.
We shall refer the above priority arrival model as a marked DBMAP process with 2 priority levels.

3 Wireless Channel and Service Model

Due to the presence of multi-path fading effects, movement of mobile terminals and interference caused by high-bandwidth
transmissions, wireless data communication channel exhibits correlated errors. To capture the error correlation characteristic
of the wireless channel, a hidden Markov based channel model (HMM) had been proposedin [11]. Consider a binary wireless
channel that is time slotted and one date burst can be transmitted in each time slot. Assume the error process be modeled
by a stationary HMM process which is defined by 2 m x m transition probability matrices P, £ = 0,1 . Suppose at time ¢,

the channel is in statei,1 < i < m ; then attime ¢ + 1, the channel evolves from state i to state j, with a correct transmission
probabilities of Py (i, j) and error transmission probabilities of P, (i, ;) . Fyand F, are called transition probability matrices
foracorrectreceptionanderrorreception, respectively. The wireless channel evolves following a Markov chain withtransition
probability matrix £ + £ . Assume the channel process is stationary, the steady state probability vector is & such that

6Py +P)=6,6=1.

We adopt ARQ based protocol for error recovery during wireless video transmission. We ignore the feedback delay for the
acknowledgementsuchthatretransmission canbeinvokedimmediatelyinthenexttimeslotwhenerroroccurs. Sincereal-time
videois considered, when the wireless channel quality becomes bad, the serving RLC databurstshouldnotoccupy the channel
for prolonged period of time and thus block the buffering of video data. Therefore, we set an overdue time for each RLC
burst such that once the overdue time is exceeded, further (re)transmission attempt for the serving RL.C bursts of a video
packet will stop, and the overdue RLC burst will be dropped. To better serve the video through an unreliable network, like
wireless network, various video standards had proposed to transmit the video data in layered format [10], such that the lower
layerdatawhenreceivedbytheclientwillallowsafaithfulreconstructionofthevideo.Iftheclientfurtherreceivestheenhancement
layer data, higher quality video can be reconstructed. Considering this, we proposed to prioritize the incoming video packets
into 2 levels - say, a MPEG-4 [-frame packet has higher transmission priority than a P-frame packet. Higher priority packets
arealwaystransmitted ahead ofthe bufferedlowerprioritypackets. Supposethatsufficientbandwidthisallocatedtoareal-time
video session. When the wireless channel quality if good, almost all the queueing RLC data bursts can be served in time and
the highest video quality can be achieved. When the quality of wireless channel decreases, the ARQ protocol will request
for more RLC burst retransmission. This results in a decrease of the buffer depletion rate. Since higher priority RLC bursts
gets served first, the burst overdue probability will be less than of the lower priority bursts. This simple service differentiation
canensure that higher priority packets have better chance of successful delivery. Thus faithful video quality can be maintained
in the receiver side even when the quality of the wireless channel becomes bad.

Assume the maximum tolerable transmission time for a RLC burstisd,d > 1, the service time or the channel occupation
timetill correctreceiptordrop duetooverduecanbederivedasfollowing. Definetheservicestate {(I, j),1 < [ < d,l < j <m},
which corresponds to the situation that the serving burst is in /-th (re)transmission and the channel phase is in . The channel
itselfevolvesaccordingtostochasticmatrix P = B, + P, asdcﬁnedabove.Whenthechannelevolvesaccordingtosub-stochastic
matrix Fy, the transmission is successful and the service process will terminate, with transition probability vector of Fye .
When the channel evolves according to sub-stochastic matrix 7, , the transmission is failing, / will change to /+/ andj will
changeaccordingly. Thus thetransition probability matrix of the service processis givenby Sasbelow,where Py, P, arem x m
size sub-stochastic matrices and S is (dm + 1) x (dm + 1) size stochastic matrix. Let £ = [1,0,0,A ], let S’ be the left-upper

sub-matrix of S with the last row and last column deleted, resulting in a dm x dm size sub-stochastic matrix. It is obvious the
service time for an arbitrary RLC burst follows a discrete PH-type distribution [3] with representation (4, S') .
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4 DBMAP | PH /1 priority queueing model

Let the arrival process parameters are given by {Dy, Dy, A , Db‘b2 ,&, D} , and the service processes for the high and low

priority databurstsaregivenby {(4,, S, ), (4,, S, )} . Thedimensionfor D, S,, S, are n x n,m; x m; ,m, x m, ,respectively.

Assume the service discipline is preemptive priority,a DBMAP / PH /1 priority queueing model can be formulated with the
following state space:

A, ={(0,0, ), j =12,.n}

A, ={(0,4,, j,ky) iy 217 =12,..mk, =1,2,..m,}

Ay = {0y, J, k)0 2 i, 20; j=1,2,..nk) =1,2,..m,}.
InA, (0,0, j) represents the case when the server is idle with the arrival process in phasej.InA, ,(0,i,, j, k,) represents the
casethereareonly i, (i, 2 1) low priority bursts in the system, with the arrival process in phase j and service process in phase
k, .InA;,(i,,i,, j, k) represents the case when there are atlease 7, (i; = 1) high priority bursts in the system and there are
i, (i, 2 0)lowpriority burstsinthesystem, thearrival processisinphasej, andtheservice processisinphase k, . Thequeueing

systemcanbe describedbya M / G / 1 type [4] Markov chain withstate space A = A; U A, U A, . Thetransition probability
matrix P of the Markov chain is’

By By By A By,
By 4y A4 A Ay, A
P= Ay 4y A Ay, A, 4 ,
Ay N Ay A, Ay 4,
O O 0] O O O
with the following sub-matrices:
00
Boo =Dy
B® BY BEZ A By Bog =D ® By,iy =0)l,...b,
BY BY% Bk A By BX B -p ®s°
B = -1 5o b2 byl b, 00 = Poo @9,
00 By Boy A By w B ; i 0
By A BY? Bg(z)‘z B2 B Bgy =Dy, @S, + Dy(iury ® 5,5,
O o o o o0 o iy =0,,.,b, — 1
b -1 0
Bog = Doy, ® 55,809 = Doy @S, 5,5
0b. 0i, .
By, Bo B A By BY: =Dy, ® f,i; = 0,l,...b,
el by-1 b
B = Bo;': B(())il B(l)i, A By By, B! =D.,®5%4
0, = 0 o b2 by-1 b 04y 70 2771
By, By, A By 0i, 0i, o 50 ® =0l b -1
0 0 0 0 o of Bi=Digw®S2h+Dy, @580 =0L..b,-
b
i, =0l,.,b, By, = D;,, ®S,e8,,
Agl All AE] A AEzl )
A= PLALR N R , A% =Dy, ® S} f,i; =0,l,....5,.

250



B =Dy, ® S’

0
BY By B A By o o
B - BIOO BIIO A Blbg_l B]bé BlO = Dm-2 ® Sl ﬂz,lz =0,l,..., b2
0= B A BE? pghl gh ’ i 05 .
10 10 10 10 B = Dor; ® S, 4,,i, =0,1,.,b,
O O 0O O o _ o
p, satisfies £ = (S, +8,/,)and fle =1,
' i 0 '
4 4 4 A A,.I:2 : 4} =Dy, S, 5+ Dy, ®S,,
4, = A,? A,-'1 A A,.ll’z_] Afl’z ; i, =0l..,b -1i, =0]1,.,b,

A2 =D, ®S,,i, =0,l,.,b,,

Note that the above DBMAP / PH / 1 priority queue is a natural extension of the DMAP / PH /1 priority queue in [1'2]. Itis
clear that the underlying Markov chain of the DBMAP / PH / 1 priority queue is of M / G /1 type [4]. Thus it is possible to
computesomeperformancemeasuresforthequeueingmodel withmatrix analyticmethods. Anumericalsolutiontothe problem
is presented in a subsequent paper [6].

5 Simulation Model and Results

We make extension on the simulation model for single class DBMAP process in [ 7], and develop a simulation model for the
marked DBMAP process with priorities. Let the parameters of the DBMAP process are { Dy, Dy, , A , Db, by 2 %> D} ,letJ(t)
be the state of the Markov chainimmediately after time¢,let Y, (¢) and ¥, (t)_ére the numbers of arrivals for high priority queue

and low priority queue at the #-th transition, we simulate the random variable sequence {J(¢), Y; (¢), Y, (¢)} for fup to Twith
the following numerical method:

Arrival process initialization
Generate the initial state J(0) according to a multinomial trail with density @, sett = 0,Y,(#) = 0,Y,(#) = 0.

Arrival process state machine evolution
while(z < T)

Choose the state J (¢ + 1) as a multinomial variate with density
(DJ(r),lDJ(r),z A DJ(:),n ) .

SetY | (t+1) = {———— J ,Y,(¢+1) =imod (b2 +1), where the index i is generated according to a multinomial trail with the

by +1
following density
[DOO]J(:),J(:+|) [DOI]J(i),J(HI) A [D bb, ].l(r),.l(t+1)

> >

Dywyaasy  Drwsa Djaqy
Enqueue abatch of ¥, (¢ + 1) high priority bursts and a batch of ¥, (¢ + 1) low priority bursts. Note that ¥; (¢ + 1) and ¥, (t + 1)
might be 0.

Sett=t+1.

}
As aresult, the state machine for the arrival process is totally driven by {D,,, Dy, A , Dblbz ,a,D}.The 'queueing behavior

is thus simulated with the following arrival and service settings:
00 02 0.0

$,=8,={00 00 02

0.0 0.0 0.0

B, = fy=[1.0,00,0.01"
'SP = 53 =[0.8,0.8,1.0]"°
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Figure 1: Queue Length Dynamics
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The above arrival setting is similar with that in [ 18], except that 20% of the arrivals are distributed to the high priority queue
and the rest 80% to the low priority queue. The service setting corresponds to the case when each RLC block has at most
3 transmission attempts including ARQ, and successful transmission probability is 0.8.

First, a non-priority DBMAP / PH /1 queue is simulated to exam the burstiness of the queue. Figure 1(a) shows the queue
length dynamics against time. It can be seen the queue length is highly fluctuating. In this case, as no service differentiation
is allowed, more important packets such as MPEG-4 /-frames can suffer from the same fluctuation of wait time and drop
probability as that of the less important packets such as MPEG-4 P-frames. This can result in poor video quality when the
wireless channel error rate is high. Next, we examine the priority queueing case. Showing in Figure 1(b) and Figure 1(c) are
the queue length dynamics of the high and low priority queue, respectively. Observe from the figure, the queue fluctuation
for the high priority queue is much less than that of the low priority queue, and is also lower than that of the non-priority
case as shown in Figure 1(a). The low queue length fluctuation of the high priority queue suggests that a better service quality
isachieved forthehighpriority databursts, which demonstrates that the proposed priority queueing with ARQ control protocol
is effective to maintain a basic level of QoS for video delivery in HMM wireless channel. Showing in Figure 2(b) is the mean
queue lengths for the 2 priority queues. Observe from the figure, the mean queue length of the low and high priority queue
are asymptotic to /. and 0.1, respectively. The sum of the mean queue length is lower than that of the non-priority queueing
case, which is near /.38 as shown in Figure 2(2). This implies that the suggested priority queueing method can successfully
overcomethenetworkcongestionproblem. Thisisbecauseoftheeffectiveoverdueestimationinthesuggestedpriority queueing
ARQ methods. Note that the quality of the real-time video application is delay sensitive, as a result, a low end-to-end delay
should be maintained. Figure 2(c) and Figure 2(d) are the mean waiting time and mean service time of the priority queueing
ARQ method. Observed from the figure, the mean waiting time of the two queues are approaching 3 and I for the low and
high priority queue, respectively. The mean waiting time for the high priority queue is muchlower than that of the low priority
queue. This further confirms higher service quality is achieved for the high priority video data. As aresult, when the network
error rate is high, faithful quality video is expected when compared to the non-priority queueing case. As shown in Figure
2(d), the mean service time for the high and low priority queue are about /.24 and /.28, respectively. As observed, the mean
service times for the two queues are very close. Hence, we can conclude that prioritizing the arrival bursts will not introduce
noticeable extra delay in serving the data bursts after classification. Figure 2(e) and Figure 2(f) are the plots of the sample
arrivalsinthe highandlow priority queues, respectively. The arrival bursts in the two graphs are clustered into smaller clusters.
As aresult, we can conclude that the DBMAP process can grasp the bursty and correlation nature of the video traffic.

Fromthe simulationresults we can find that high priority RLC bursts can always get better service under an erroneous service
environment. The proposed scheduling and control protocol is work-conserving, thus when the wireless network is in good
condition, itcanachieve at least the same video quality as that of the non-priority queueing case. The protocol is simply, should
be easy to implement in resource (CPU, memory, power) limited wireless and mobile computing terminals. As a result, it
is applicable for next generation wireless/mobile video transmission system.

6. Conclusion and future work

Inthispaper weproposed aperformance model forreal-time wireless video. Wemodeled the videotrafficasa DBMAPprocess
with 2 priority levels. We proposed a priority based scheduling and ARQ overdue control protocol for video data transmission
over the uplink of the third generation (3G) wireless network. The transmission time for a RLC databurstina HMM wireless
channel is proved to follow a discrete PH-type distribution. A DBMAP / PH /1 priority queueing model is formulated.
Simulation results are presented to demonstrate the performance gain of the proposed

252



Figure 2: Mean Queue Length, Mean Waiting Time, Mean Service Time, and Sample Arrivals
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protocol, such that the high priority queue is shown to achieve a higher QoS evenunder severe network condition. As aresult,
if layered video is applied to the proposed protocol and models, faithful video playback could be obtained when network
quality is bad. The same video playback quality can be obtained when compared to non-priority queueing method with good
network condition. Itshouldbenotedthatthe proposed DBMAP / PH /1priorityqueuecanbeappliedtootherlayerednetwork
service in order to achieve higher QoS, when the network quality is varying. In a subsequent paper numerical solution to
the DBMAP / PH /1 priority queueing model will bereported [6]. We’ll also investigate the parameter identification problem
as suggested in [8] for the marked DBMAP model with real-time video traces.
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