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Abstract 

In this paper, we investigate MPEG video transmission over Avail- 
able Bit Rate (ABR) service. It requires small cell delay variation 
and non-trivial Minimum Cell Rate (MCR) to guarantee qual- 
ity of service (QoS). Existing ABR congestion control schemes 
cannot meet the requirements since they are designed for data 
applications. We propose a closed-loop rate-based congestion 
control scheme called Explicit Rate Indication Scheme for MPEG 
(ERISM). ERISM maintains the queue length minimal, and allo- 
cates cell rates to connections with non-trivial MCR. Simulation 
results show that ERISM provides a good transmission capability 
for MPEG video. 
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1 Introduction 

For the efficient use of network resources, the ATM Forum defines 
five service categories according to QoS and traffic characteristics 
[I]. These service categories are classified into real-time ser- 
vices and non-real-time services. Constant Bit Rate (CBR) and 
Real-Time Variable Bit Rate (rt-VBR) are real-time services and 
Non-Real-Time Variable Bit Rate (nrt-VBR), Available Bit Rate 
(ABR) and Unspecified Bit Rate (UBR) are non-real-time services. 
ABR service is motivated to increase bandwidth utilization by al- 
locating residual bandwidth (after allocation to CBRNBR) fairly 
among data applications. Although ABR is best-effort service, 
the ATM Forum defines Minimum Cell Rate (MCR) to guaran- 
tee continuous services for ABR connections. Unlike audiolvideo 
transmission, data transmission must retransmit the entire packet 
which includes lost cells due to congestion. Hence, congestion 
control becomes the most important part of ABR to fully utilize 
the available bandwidth without causing congestions [2] .  The 
ATM Forum has adopted fate-based approach as the framework 
of ABR congestion control because it has high flexibility and low 
hardware complexity [ l ,  31. 

The international standards organizations about MPEG over 
ATM' has adopted the MPEG-2 Transport Stream Format as the 

'ATM Forum SAA (Service Aspects and Applications) Working Group, 
ISO/IEC Moving Pictures Experts Group (MPEG), ITU-T Study Group- 15 

base-line of multimedia transmission. However, it is very difficult 
to maintain both low Cell Delay Variation (CDV) and high band- 
width utilization since MPEG traffic exhibits highly bursty and 
nonstationary properties [4]. The ATM Forum Service Aspects and 
Applications (SAA) Working Group has already accepted CBR for 
MPEG-2 transmission over ATM and is also investigating other 
service categories [ 5 ] .  All service categories have their own ad- 
vantageddisadvantages with regards to MPEG-2 transmission over 
ATM. MPEG-2 transmission over CBR guarantees smallest cell 
delay variation, but has very low bandwidth utilization. Hence, 
CBR is appropriate when the highest QoS is desired. Recently, 
MPEG-2 transmission over VBR has been studied extensively, but 
the maximum bandwidth utilization of MPEG-2 transmission over 
VBR is still less than 30%-40% [6]. 

MPEG-2 transmission over ABR [6 ,7 ]  is a new approach. This 
approach can achieve high bandwidth utilization of 85%-95% and 
guarantee continuous MPEG-2 transmission by setting MCR to 
the bit rate under maximum compression rativ of encoder [6]. 
Therefore, with low prices, MPEG-2 transmission over ABR can 
support applications like video phone which does not require strict 
QoS. However, encoders need to be adaptive to control coding rates 
according to feedbacks from the network [5,  61. We investigate 
MPEG-2 transmission over ABR service. 

There are some problems in the implementation of MPEG video 
transmission over ABR: First, it needs a congestion control scheme 
which robustly allocates cell rates among connections having non- 
trivial MCR. In most congestion control schemes, the default value 
of MCR is 0 and supported value of MCR is restricted to the order 
of 10 Kbps. However, the bit rate under maximum compression 
ratio of MPEG-2 encoder is about 2-4 Mbps [6]. Second, although 
MPEG video transmission is sensitive to CDV, ABR provides no 
guarantee for it. CDV of ABR connection is mainly dependent 
on queueing delays in ATM switches, and queue length increases 
critically when total cell rate of ABR connections becomes larger 
than the bandwidth for ABR service[8]. 

In this paper, we propose a closed-loop rate-based congestion 
control scheme called ERISM (Explicit Rate Indication Scheme 
for MPEG). ERISM has two distinct features: allocating cell rate 
to connections with non-trivial MCR and maintaining queue length 
minimal. The rate allocation algorithm of ERISM is based on the 
modified MIT scheme [9] and effectively supports connections 
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with non-trivial MCR by adding a new connection state, critically 
bottlenecked to existing connection states, bottlenecked and satis- 
jied. Also, ERISM prevents a rapid increase in queue length due 
to over-allocation by improving the rate allocation algorithm. It 
needs the definition of a new field called Available Rate (AR) in 
Resource Management (RM) cell. 

The rest of this paper is organized as follows. In Section 2,  
issues in MPEG transmission over ABR is reviewed. In Section 
3, ERISM is described in detail. In Section 4, the performance of 
ERISM is evaluated and conclusions are presented in Section 5. 

3 ERISM (Explicit Rate Indication Scheme 
for MPEG) 

This section describes rate allocation criterion, rate allocation al- 
gorithm, source/destination end-system behavior and congestion 
detection mechanism of ERISM. 

3.1 Rate Allocation Criteria for Non-Trivial MCR 

2 Issues in MPEG Video Transmission over 

An overview of MPEG video transmission over ABR is presented 
in Fig. 1. Trafic Anticipation Unit (TAU) estimates the bandwidth 
needed to transmit the next frame based on traffic models. Traffic 
anticipation schemes have been studied extensively in the area of 
dynamic bandwidth allocation schemes for VBR video transmis- 
sion [4]. MPEG encoder generates two streams of MPEG frames: 
one compressed under quantization level determined by TAU and 
the other compressed under maximum compression ratio. ABR 
Service Znte~ace Unit (ASIU) transmits generated MPEG frames 
at the cell rate allocated by ATM networks. If TAU does a wrong 
traffic prediction or there occurs an abrupt change in the network, 
ASIU transmits frames compressed under maximum compression 
ratio. In ATM Networks, MPEG frames are delivered to the des- 
tination by ABR service. If there occurs a congestion, it results 
in cell loss or large cell delay variation. Therefore, the quality of 
decoded video is determined by congestion control scheme. In 
this paper, we focus on the congestion control scheme for MPEG 
video transmission over ABR. 

Traffic Anticipation Unit 
(TAU) 

adjust quantization level & 
currently available bandwidth 

MPEG decoder 

ABR Service Interface Unit 
(ASIU, Source End System) 

Figure 1: MPEG video transmission over ABR 

For data transmission, the most important factor of rate allo- 
cation criteria is to guarantee fairness. So, cell rate is allocated 
irrespective of non-trivial MCR and over-allocation. The modified 
MIT scheme [9] reaches steady state fast upon bandwidth changes 
and keeps low queue length in steady state at the cost of more com- 
plex calculation. However, it still cannot avoid over-allocation and 
uses a rate allocation criterion handling only trivial MCR. Several 
congestion control schemes [ 8, 101 explicitly avoid over-allocation 
by delaying rate increase at source or switches, but it is difficult to 
determine this delay. 

In most ABR congestion control schemes, max-min fairness is 
used as rate allocation criterion and leads to the maximization of 
total throughput if all MCRs are 0. For non-trivial MCR, there 
is no dominating criterion and reasonable amount of flexibility is 
left to ABR service providers[l, 21. The ATM Forum describes 
two example criteria for non-trivial MCR [I]. One is allocating 
the maximum of MCR and fairshare, and the other is allocating 
rate proportional to MCR. MCR is determined by QoS require- 
ments of users and the cell rate of a MPEG encoder is entirely 
dependent on motion characteristics of video. Hence, rate alloca- 
tion proportional to MCR has little meaning about MPEG video 
transmission. 

_ _ _ _ _ _ _ _ _ _ _ _ -  

satisfied normally critically 
bottlenecked bottlenecked 

Figure 2: Three states of ABR connections 

ERISM allocates the maximum of MCR and fairshare. Fig.2 
represents three states of ABR connections based on ERISM’s 
rate allocation criterion. Each connection belongs to one of three 
states: satisjied in which rate request of a connection is fully 
satisfied, critically bottlenecked in which allocated rate is equal to 
MCR which is greater than fairshare, and normally bottlenecked in 
which allocated rate is same as the maximum rate of others except 
the connections in critically bottlenecked. 

3.2 RM Cell for the Avoidance of Over-Allocation 

Using Explicit Rate (ER) field in RM cell, most ER congestion 
control schemes fairly allocate rates to ABR connections. If a con- 
nection of satisjied state requests more bandwidth, ER congestion 
control schemes increase rate of the connection to the fairshare of 
bottleneck switch. In such a case, the bottleneck switch should de- 
crease rates of other connections to maintain the target rate. Target 
rate represents cell rate through a link at the maximum utilization 
determined by switches and is about 85%-95% of residual band- 
width. However, cells transmitted at new cell rates may not reach 
the bottleneck switch at the same time since transmission delays 
from the bottleneck switch to the sources may be different. This 
results in a over-allocation and Fig.3 shows an example of such 
over-allocation. 
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T both RM cells start 
T,!T, RM cell returns to ~ o u r c e l ~  
T,/T, RM cell in VCIE arrives at sw 

Terminologies 

s ( t )  
s3 ( t )  
Sh(t) 

Figure 3: Example of over-allocation 

Explanation 
set of VCs sharing an output link at time t 
set of satisfied VCs at t 
set of normallv bottlenecked VCs at t 

ERISM switch keeps allocated bandwidth of each connectic 
So, ERISM switch knows total bandwidth allocated to other con- 
nections when it allocates more bandwidth to a connection. Unlike 
most ER switches, ERISM switch allocates rate less than the fair- 
share if sum of newly calculated fairshare and total bandwidth of 
other connections exceeds the target rate. In such a case, sum of 
allocated rate and total bandwidth of other connections becomes 
equal to the target rate. However, such a rate allocation may de- 
liver wrong feedback to the source and may result in long transient 
time. To solve this problem, we take an approach as introducing 
a new field Available Rate (AR) in RM cell. The value of AR 
field indicates rate allocated by ERISM switch and may be less 
than fairshare. Detailed use of AR field is discussed in Section 
3.3. After setup of a Virtual Circuit (VC), AR field in forward 
RM cells is initialized by Initial Cell Rate (ICR). On receiving a 
backward RM cell, source adjusts its Allowed Cell Rate (ACR) to 
AR field and AR field of the next forward RM cell is set to the ER 
field. 

- v \  I 

SC(t) 

N b ( t )  
Br ( t )  

SU(t) 

3.3 Rate Allocation Algorithm 
Rate allocation algorithm of ERISM is based on the modified MIT 
scheme [9]. Table 1 lists terminologies for description of the rate 
allocation algorithm. 

In the rate allocation algorithm of ERISM, basic calculation of 
fairshare A,,, ( t )  is done as follows: 

set of critically bottlenecked VCs at t 

number of VCs in sb ( t )  
target rate at t 

Ss(t) U SC(t) 

Since BT(t) is determined by congestion detection mechanism, 
the calculation of Eq.( 1) needs calculations of Bu(t+) and Nb(t). 
Using Bu(t) ,  Ri(t+) and Statei(t+) stored in the switch, it 
determines Bu(t+) and Nb(t) by 0 ( 1 )  calculations as shown in 
Fig.4. Therefore, fairshare calculation of Eq.(l) can be done in 
O( 1) calculations. 

Upon receiving backward RM cells, ERISM switch calculates 
fairshare and updates EWAR fields in RM cell. If a backward RM 
cell of VCj in Sb(t) arrives at tl , fairshare is calculated as follows: 

AR: (t) 
ERi ( t )  
MCR.; ( t )  

The detailed pseudocode of fairshare calculation and update of 
EWAR fields are given in Fig.4. New value of ER field, ERj (tl+) 
is the minimum of previous ER value and fairshare. Next state 

AR field of RM cell in VCi arrived at t 
ER field of RM cell in VCi arrived at t 
MCR field of RM cell in VC; arrived at t 

Table 1 : Terminologies in rate allocation algorithm of ERISM 

of the connection State,(tl+) is determined according to Fig.2. 
New value of AR field AR, (tl+) is calculated as follows: 

min(AR,( t i ) ,  &(ti) - B A ( ~ I ) )  if ss(ti+) 
AR,(tl+) = min(A,,~(ti) ,  &(ti) - B A ( ~ I ) )  if S b ( t i + )  

Total allocated bandwidth, BA (tl+) may be larger than the target 
rate if State,(tl+) = Crztically Bottlenecked. In such a case, 
the congestion detection mechanism of ERISM decreases the target 
rate to decreaserates of other connections. If AR, (tit-) < R, ( t l ) ,  
ERISM switch does not decrease R,(tl+) to AR,(tl+) imme- 
diately for other connections not to use the difference. R,(tl) 
decreases when a forward RM cell with CCR, ( t )  = AR, (tl+) 
arrives at the switch. If ATM networks reach a steady state,ERISM 
switch satisfies CCR,(t) = R,(t) for all VC,. 

If a backward RM cell of VC, in S,(t) or S,(t) arrives at a 
switch at t l ,  ERISM switch calculates fairshare as follows: 

{ MCR,(tl+) if S C ( t I + )  

The detailed pseudocode for fairshare calculation, update of RM 
cell and update of the stored information in switch is nearly same 
as Fig.4. 

3.4 Other Components of ERISM 
ERISM switch detects congestions by observing queue length and 
queue length differential whenever a fixed number of cells ar- 
rive. The mechanism using thresholds on queue length differen- 
tial detects congestions more correctly, but the mechanism using 
thresholds on queue length is needed to detect slow increase in 
queue length. ERISM end-system behavior is similar to ATM Fo- 
rum end-system behavior. There is only one difference: ERISM 
source increases the cell rate directly to AR value in returned RM 
cell, but source according to ATM Forum specification increases 
cell rate incrementally. 
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4 Simulation Results 

In this section, we evaluate the performance of ERISM and illus- 
trate advantages over ATM Forum specification [ 13 and modified 
MIT scheme [9]. Switch behavior of ATM Forum specification i s  
the same as that of EPRCA. We have modified NlST ATM Simu- 
lator to emulate ERISM and modified MIT scheme. Fig.5 shows 
the network topolgy used in the simulation. abr sourcel, abr 
source2 and abr source3 are persistent (i.e., greedy) sources and 
batch source is a bursty one. The link capacity is 155 Mbps and 
the length of BB link is 100 Km. The length of link1 is 5 Km 
except for avoidance of over-allocation where the length is 100 
Km. Other links have length of 0.2 Km. 

Figure 5:  Network configuration for simulations 

4.1 Avoidance of Over-Allocation 
To investigate the effect of over-allocation, the network is con- 
figured to have difference in the cell delay from the bottleneck 

switch switchl to abr sourcel (or abr source2) and the one 
from switchl to abr source3. abr sourcel and abr source2 
start to transmit cells at 0 ms and abr source3 at 20 ms. 

80 
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Figure 6: Over-allocation: (a) rate increase process of VC3 (b) 
queue length of switchl 

Fig. 6(a) shows cell rate of VC3 through link2. From 20 ms to 
steady state, modified MIT scheme and ATM Forum specification 
keep to increase VC3's rate incrementally while ERISM does not 
increase it. Incremental rate increase causes an over-allocation and 
abruptly increases the queue length of switch1 as shown in Fig. 
6(b). However, ERISM maintains the queue length of switch1 at 
near 0. 

4.2 Guarantee of Non-Trivial MCR 

Fig. 7(a) represents cell rate of VC3 through link5 in a config- 
uration where VC3 has non-trivial MCR (60 Mbps) greater than 
fairshare (47.33 Mbps). ERISM and modified MIT scheme shows 
cell rate slightly vibrating near 60 Mbps, but ATM Forum specifi- 
cation shows cell rate less than MCR on some intervals. This may 
cause discontinuities in MPEG video transmission. 

ERISM allocates rates of 41 Mbps, 41 Mbps, 60 Mbps to V C I ,  
VC2, VC3 respectively. But modified MIT scheme and ATM 
Forum specification allocate 47.33 Mbps, 47.33 Mbps, 60 Mbps. 
This over-allocation causes an infinite oscillation of bandwidth 
utilization. Fig.7(b) represents the end-to-end delay of VC1 which 
is affected by non-trivial MCR of VC3. ATM Forum specification 
and modified MIT scheme show some variation in the end-to-end 
cell delay while ERISM shows nearly constant cell delay. 

4.3 Burst Transmission Capability 

In this section, we evaluate the burst transmission capability of 
ERISM. From 10 ms, batch source sends a burst of 200 cells at 
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Figure 7: MCR guarantee: (a) Guarantee of MCR (b) Cell delay 
of VCI 

every 20 ms. It starts to transmit a burst at cell rate of ICR and 
increases cell rate as RM cells return. 

Fig. 8(a) represents cell rate of VC4 through link1 0. ATM Fo- 
rum specification increases cell rate of Vc4 about 10 ms after the 
start of burst transmission. Also, the rate increase time is longer 
than that of other schemes. ERISM and modified MIT scheme in- 
crease cell rate of VC4 to fairshare within several msecs. Fig. 8(b) 
represents end-to-end cell delay of VC4 which transmits bursts. In 
ATM Forum specification, VC4 has large cell delay variation and 
long burst transmission time. In modified MIT scheme, VC4’s 
cell delay is increasing in a burst transmission. In ERISM; VC4 
has nearly constant cell delay and short burst transmission time 
enough to be useful in MPEG video transmission. 

5 Conclusion 
In this paper, we have proposed a rate-based closed-loop con- 
gestion control scheme called ERISM. It is designed for MPEG 
video transmission over ABR. ERISM supports non-trivial MCR 
(i.e., frame rate under maximum compression ratio) to guarantee 
continuous services and maintains the queue length minimal to 
guarantee low cell delay variation. 

Simulation results show that ERISM effectively avoids over- 
allocation and allocates rate to ABR connections which may have 
non-trivial MCR. They also show that ERISM provides cell de- 
lay variation smaller than those of ATM Forum specification and 
modified MIT scheme in burst transmission. This means that it is 
possible to transmit MPEG video using ABR service. 
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