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4.3.1 Introduction

We have previously proposed a congestion con-
trol method called Sender Initiated Congestion
Control (SICC) that is intended to provide TCP
Fairness, Fast Congestion Avoidance and Intra
Session Fairness for applications based on Small
Group Multicast (SGM). SGM is a suitable
method to transmit a packet to a group containing
from 10 to 100 participants.

In SGM, the sender specifies receivers’ addresses
in a packet explicitly. XCAST6 is the most typi-
cal mechanism based on SGM in IPv6 network.
The XCAST aware router copies and forwards
packets using the unicast routing table thus that
no control packet is needed to exchange multi-
cast routing entries. In addition, XCAST6 has
a tunneling mechanism which can be used to pro-

vide connectivity between XCAST aware nodes

XCASTE/SICCH Fx
IPveFyk I —ohi35

— g>

Dummynet
it 3Mbps
iBIE : 50msec

XCASTE/SICC _
J—K2 TCPZO—&IE TCP7O—iE{E

HTTP/TCP
— XCAST/UDP

0 4.2. XCAST6/SICCOOODO
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(i.e., router or receiver) and to pass over the non-
XCAST aware routers. As a result, it is possible
to gradually deploy XCAST6 over the Internet.
Since XCAST6 allows packets to be forwarded
among receivers even if there is no XCAST aware
router along the forwarding path, the performance
of mechanisms based on XCAST6 are significantly
affected by the arrangement of XCAST aware
router on the networks.

We evaluate the performance of SICC, which
is currently integrated into XCASTG6, using the

network simulator ns-2.

4.4 SICC Protocol

4.4.1 Target Application
The target Application of SICC is real-time
streaming which consists of a selectable sequence

of frames (e.g. Motion-JPEG and DV).

4.4.2 SICC feature
SICC integrates the following functions into
SGM.
e TCP Fairness and Fast Congestion
Control
In the Internet, it is important to avoid con-
gestion and maintain fairness with other com-
peting best-effort traffic. A transport proto-
col should avoid any congestion which arises
on the path from a sender to receivers.
When we design such a transport protocol,
it is sufficient to consider fairness of the TCP
traffic (TCP Fairness) which is the major traf-
fic in the current Internet. Because a large
number of group communication sessions will
be held simultaneously competing with other
best-effort traffic, TCP Fairness and Conges-
tion Control are very important functions.

Intra Session Fairness

It is preferable that a sender can transmit
to each receiver in various environments at
the allowed maximum transmitting rate in
the multicast group communication. This
is called Intra Session Fairness which is

a requirement specific to multicast transport

W I D E

protocol. We should consider the Intra Ses-
sion Fairness in designing a multicast conges-

tion control method.

4.4.3 Protocol Overview

—SICC CLASS and Transmitting SGM
Packet
The SICC sender has several CLASSes which
transmits packets at a constant bit rate.
The sender classifies receivers into the suit-
able CLASS based on estimation of accept-
able sending rate, and each CLASS transmits
SGM packet that specifies the addresses of
the classified receivers.
The number of CLASSes is statically fixed,
that is, the user of SICC configures the num-
ber of CLASSes when he opens the SICC
socket at the sender node.
Figure 4.3 shows an example of the above
mentioned CLASS (e.g., C1, C2, C3). The
transmitting rate of each CLASS is defined
as one-half of its upper CLASS. This can be
achieved by thinning out or sampling picture
elements by the SICC stack. The sender first
classifies the receivers (R1, R2, R3, R4) into
the corresponding CLASSes based on their
acceptable sending rates, and then transmits
SGM packets to the receivers in each CLASS.

— Receiver Feedback
Each receiver regularly feeds back a report to
the sender. The interval of feedback is differ-
ent in each CLASS, and uses the maximum
RTT in the receivers in each CLASS. Addi-
tionally, when a receiver detects the packet
drop indicating competition with other traf-
fic or congestion, the receiver feeds back
a report immediately to the sender. After-
wards, the sender estimates the acceptable
sending rate of the receiver based on the feed-
back, and classifies the receiver into the suit-
able CLASS. As a result, the transmitting
rate to the receiver is changed to be the best
of acceptable ones.

This is the reason why SICC achieves fast
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Fig. 4.3. SICC CLASS

congestion avoidance and the Intra Session
Fairness.

— Classification based on TFRC Equation
To estimate the rate that each receiver
can accept, SICC adopted the TCP-friendly
Rate Control protocol (TFRC) approach.
TFRC is an equation base congestion con-
trol method for unicast applications which
provides smooth rate control while maintain-
ing fairness with other TCP traffic competing
with the flow.

SICC sender estimates the acceptable sending
rate of receivers based on the Equation (1)
with the feedback from each receivers. In
the Equation (1), s [byte] is the packet size,
R [sec] is the estimated RTT tempered with
past history by weighted average, p is the
loss event rate and ¢t_RTO [sec] is the TCP
retransmission timeout value (usually 4 *R).
After the estimation, the SICC sender clas-
sifies receivers into the suitable CLASS. In
SICC, the sender has several CLASSes: Ci
which transmits packets to accommodated
receivers using SGM at constant bit rate
Bi [bps]. The sender classifies the receiver to
the CLASS: Cz so that the following Equa-
tion (2) is satisfied.
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Therefore, SICC can control the rate while
maintaining fairness with the TCP traffic in

the routes to the receivers.

Xcal
- ™ 1)
R(\/2p/3+t_RTO /3p/8xpx (14 32p?))
Bz+1 < By < Xcal < Bz—1 (2)

4.4.4 Confirming Basic Protocol Feature
We have evaluated TCP Fairness and Intra Ses-

sion Fairness which are the main characteristics of

SICC. This section shows the results of our eval-

uation using the network simulator (ns-2).

4.45 TCP Fairness

To achieve TCP Fairness, SICC adopts TFRC
approach while estimating the sending rate. We
confirm whether SICC applied on XCAST6 is able
to share the bandwidth with the TCP flows fairly
on the bottleneck link.

First of all, we use the well known single-
bottleneck link topology (Figure 4.4) to evaluate
whether each flow maintains fairness with other
flows when both the SICC flows and TCP flows
increase synchronously.

Figure 4.5 and Figure 4.6 show the throughput
of a SICC flow and a TCP (Reno) flow competing



Sender Receiver

Bottleneck Link

Fig. 4.4. Single-bottleneck topology
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Fig. 4.6. SICC and TCP throughput (RED)

with SICC. In this simulation, the number of
CLASSes is five, and the transmitting rate of
each CLASS is {C1: 1Mbps, C2: 512kbps, C3:
256 kbps, C4: 128 kbps, C5: 64kbps}. In the bot-
tleneck link, bandwidth is 1 Mbps, delay is 64 ms,
and DropTail or RED queue. These results show
that SICC can perform rate control keeping fair-
ness with TCP flows.

We introduce the index: F' that shows whether
SICC and co-existing TCP flows can fairly share
the bandwidth on the bottleneck (3). In this equa-
tion, linkbw [bps] is the bandwidth of bottleneck
link, 4 is the number of flows on the bottleneck
link, thput_avg [bps| is the average throughput of
each flow. F' becomes 1 when the flow fairly shares

bandwidth of the link.

W I D E

4 8 16 32 64 128
delay [msec]

Fig. 4.7. TCP Fairness with n SICC and n TCP

flows

Sender Receiver

Bottleneck Link

Fig. 4.8. Single-bottleneck topology?2

thput _avg
F= linkbw 3)

Figure 4.7 illustrates the fairness of each flow,
when n is changed 1, 2, 4, 8, 16, 32, 64, 128 on the
simulator. The simulation time is 600 seconds, the
delay is 64 ms, the queue is RED, bandwidth and
queue length of the bottleneck link are increased
in proportion to the number of flows. The CLASS
transmitting rate of SICC is same as Figure 4.5
and 4.6.

It shows the fairness (F) of each SICC flow indi-
cates the value of about 0.75 to 1, the one of
each TCP flow indicate the value from 0.9 to 1.2.
According to the above results, even if the number
of both flows increases, the average throughput of
all the competing flows is within twice in each
other. Therefore it is confirmed each SICC flow
can share the bandwidth with other SICC flows
and TCP flows fairly on a bottleneck link.

Next, we evaluate whether a SICC flow and
a TCP flow maintains fairness with each other on
a bottleneck link when the SICC sender transmits
XCAST6 packets to ten receivers in the topology
shown in Figure 4.8.

Figure 4.9 illustrates the fairness of each flow,
when delay is changed 4, 8, 16, 32, 64, 128 on the

simulator. The simulation time is 600 seconds, the
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Fig. 4.9. TCP Fairness with SICC multicast
and TCP

bandwidth is 1 Mbps. The CLASS transmitting
rate of SICC is same as Figure 4.5 and 4.6.

It shows the fairness (F') of a SICC flow indi-
cates the value of about 0.9 to 1.1, the one of
a TCP flow indicate the value from 0.8 to 0.9.
Therefore it is confirmed multicast communica-
tion on SICC can share the bandwidth with TCP

flow fairly on a bottleneck link.

4.4.6 Intra Session Fairness

To confirm Intra Session Fairness of SICC, we
conduct an evaluation using a simple multicast
topology as shown in Figure 4.10, where there are

ten receivers and one sender. The bandwidth of

Receiver 1

0.9 *>
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Fig. 4.11. Bandwidth Using Rate
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the link between the router and each receiver is
generated randomly from a uniform distribution
between 64 kbps to 1 Mbps, and the link delay is
generated randomly from a uniform distribution
between 4ms to 128 ms. In addition, we set the
number of the CLASSes is five, the transmitting
rate of each CLASS is {C1: 1 Mbps, C2: 512kbps,
C3: 256 kbps, C4: 128 kbps, C5: 64kbps} and the
simulation time is 600 seconds.

Figure 4.11 shows the relative bandwidth
utilization of each receiver to various types of
available uplink bandwidths.  We observe in
Figure 4.11 that each receiver is capable of receiv-
ing packets at the rate corresponding to available
uplink bandwidth. This shows that SICC achieves
its objective of Intra Session Fairness.

More detail information can be extract from
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