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SCTP Performance Analysis based on ROHC

Byung-Cheol Shinn and Bai Feng, Member, KIMICS

Abstract—In this paper, an analysis has been done on
the performance of SCTP header compression by using
Robust Header Compression (ROHC) [1] method. And it
is assumed that the operating mode for ROHC is
unidirectional mode (U-Mode) and the possible states are
IR and SO states. The throughput of SCTP packets in
wireless link and the impact of size of W-LSB encoding
window on throughput are discussed.

Index Terms—SCTP, ROHC, performance analysis,
W_LSB, context.

1. INTRODUCTION

With the development of Internet technology, SCTP
(Stream Control Transmission Protocol) [2] is replaced
with existing transmission protocol TCP (Transport
Control Protocol) and UDP (User Datagram Protocol)
for a real-time multimedia application service. SCTP is a
new transmission protocol and is specified in RFC
(Request for Comments) 2960 of IETF (Internet Engin-
eering Task Force). In addition, it spreads the bound of
using application for various kinds of service.

However, the encapsulation process of SCTP/IP layers
produces packets whose payload size, for particular
services, is a little percentage of the whole packet size
and the header sizes are relatively a large percentage
(high overhead: services), so that, a significant part of
radio channel bandwidth (the most expensive and limited
resource of the whole wireless system) is used for header
transmission. For these reasons it is of primary impor-
tance the adoption of a header compression scheme can
be able to reduce the protocol overhead with the aim to
make economically feasible and physically realizable the
implementation of such high overhead-services.

The header compression work has been studied from
1984 and several header compression protocols such as
Thin-wire 1 and II, CTCP (Compressed TCP) [3], IPHC
(IP Header Compression) [4] and CRTP (Compressed
RTP) [5] have been proposed. However, none of them
can work well over the wireless link due to error
propagation. To solve the problem, the ROHC working
group in IETF proposed a new header compression
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framework, named as ROHC. The most significant
feature of the protocol is the robustness. ROHC success-
fully reduces the error propagation by a special encoding
mechanism, known as Windows-based Least Significant
Bits (W-LSB) encoding method.

The paper is organized as follows. Following the
introduction, in the section II, we will briefly describe
the SCTP and ROHC; in section III, the analysis model
is described; performance analysis results are presented
in section IV. Finally, we give a conclusion of the paper
in section V.

I1. SCTP AND ROHC

TCP [6] has performed immense service as the
primary means of reliable data transfer in IP networks.
As the number of application increases recently, it is
found that the role of TCP is limited and they have
incorporated their own reliable data transfer protocol on
top of UDP. Such a trend in application directly
motivated the development of SCTP.

A. SCTP

SCTP is a reliable transport protocol operating on top
of a connectionless packet network such as IP network. It
transfers a message with a function of multiple paths or
multiple streams between two nodes connected by
“SCTP association”.

As shown in Fig.1, we assume SCTP runs on top of IP.
The basic service offered by SCTP is the reliable transfer
of user messages between peer SCTP users. It performs
this service within the context of an association between
two SCTP endpoints.

SCTP User ‘ | SCTP User
Application Application
| — ey IS —
. SCTP Transport ‘ SCTP Transport
Service One or more One or more | Service
} — e IP address ) IP address L ]
! IP Network Appearances .. - Appearances IP Network
! Service 1 Service
SCTP Node A H Network service———» SCTP Node B
|

Fig. 1 An SCTP association.

The characteristics of SCTP are the transmission of
various kinds of application data over just one session.
When the session is initialized, the sender gives the
number of stream to the receiver. In transmission time,
ordering function is provided for each stream of in-
dependently. Data recovery and retransmission processes



306

Byung-Cheol Shinn and Bai Feng : SCTP Performance Analysis based on ROHC

are also performed on each stream ID. The SCTP packet
format is shown in Fig. 2. The SCTP packet format is
divided into a common header and several chunks, and
each chunk has its own independence as shown in Fig. 2.

Bits: 0 15 31
Source port ] Dst port Bits:0 15 31
C;::;n Verification Tag / Type I Flag L Length g:::;
Checksum TSN
Chunk-1 Stream ID | SSN
Chunk-2 \ Protocol ID
Churde-n \ User Data

Fig.2 SCTP packet format.

B. ROHC

ROHC is developed which is adaptable to the
characteristics of wireless links which can compress the
40 octets IPv4/UDP/RTP headers to 1-3 octets. And
SCTP/IP headers can also be processed on ROHC
platform [7].

Header compression with ROHC can be characterized
as an interaction between two state machines, one
compressor machine and one decompressor machine, each
of them instantiated once per context. The compressor
bases on the state machine in Fig. 3(a), and each state
represents different level of compression. Transition
conditions between the three states are defined by the
modes of operation.

The compressor starts from the initialization and
refresh (IR) state with the transmission of all static and
dynamic header fields allowing the decompressor the
correct context acquisition. In the first order (FO) state,
the compressor considers only the dynamic fields that
have been changed with respect to the header of the
previous packet and transmits only encoded variations of
these dynamic fields. In the second order (SO) state,
where we have the highest level of compression, the
compressor enters into it only when the stream becomes
regular.

Optimistic/ACK
Optimistic’/ACK ~ Optimistic/ACK

R statlil LF O state bo state“
Timeout/NACK  Timeout/NACK

Timeout/NACK
(a) State transition of compressor.

|

—

Success
No dynamic

No static Success

B

IHT LH ] [ |
t ks |

Need update Need update
(b)State transition of decompressor.

Fig. 3 State transition of ROHC protocol.

Success

The decompressor is based on the state machine in
Fig. 3(b), each state representing different level of
decompression according to context state. Initially, the
decompressor works in the no context (NC) state. Once
a packet has been decompressed correctly, the
decompressor transmits all the way to the full context
(FC) state. When the dynamic fields of context needs to
update, the decompressor transits back to the static
context (SC) state. Only when the static field of context
needs to update the decompressor will go all the way
back to the NC state. By updating context in step-by-step,
ROHC can further reduce the size of compressed headers
and the possibility of context out of sync between the
compressor and decompressor.

In addition, ROHC can get further compression gain
due to the synergy between the sophisticated encoding
methods and the wide availability of formats needed for
sending compressed header. ROHC derives from the
concept of the compression profiles.

IL THE ANALYSIS MODEL

In this section, we develop an analysis model for the
ROHC-SCTP profile based on [7] together with some
assumptions.

A. Assumptions
‘We make the following assumptions in our model:

1) Mode

The compressor and decompressor can work in three
modes. They are named as unidirectional (U),
optimization (O) and reliable (R) mode. In U-mode, the
communication between compressor and decompressor
is only proceeding in one direction. In O-mode and R-
mode, the communication between compressor and
decompressor is bidirectional.

In order to simplify the model, we assume the
compressor and decompressor only work in U- mode.

2) State

Assume the compressor only works in IR and
SO [1] states.

3) Packet types

Assume only two types of packet in our defined
packet stream: IR is for context refreshment and
compressed header (CH) is packet with
compressed header.

4) Channel

Assume the corruptions of packets are indepen-
dent of each other through the channel.

B. Analysis Model [13]

Table 1 shows the parameters which are used in our
analysis model. SCTP can divide data into a number of
streams, each stream can be transferred according to its
characteristics, and each stream can be handled without
any relation with other streams. So we define a SCTP
packet stream as shown in Fig. 4, and there are N packets
in the stream including IR and CH packets.
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Table 1 Parameters utilized in analysis model

N Number of packets in a stream

ir Index of Initializtion Refreshment packet in a
stream

ch Index of packet with Compressed Header in a
stream

plir) Probability of decompressing an IR packet

plch) Probability of decompressing an CH packet

c(ch) Possibility that the context is valid on i CH packet

1 Index of the /" IR packet in a stream

n; Index of the i packet in a stream

E Bandwidth Efficiency

T(N) Throughput for N IR or CH packet

w Size of W-LSB encoding window

e(ir) FBE probability of IR packet.

e(ch) FBE probability of CH packet.

L, The length of payload in each packet

L, The length of IR packet

Ly, the length of CH packet

Ly | the length of link layer header

b Bit error rate

MW
A e i

||
L

012 3 R R+M R+2M N
.
A
IR packet CH packet

Fig. 4 The SCTP packet stream.

As we know, the IR packet is larger than the CH packet
because the header of CH packet is compressed. So we
use the long line to represent the IR packet, and use the
short line to represent the CH packet as shown in Fig. 4.
We use a sequence number {; |n~=0,1,2, .... N}to index
the packets in the stream. And we use ir to index the IR
packet, ch to index the CH packet.

The compressor works from IR state, where the
context refreshment period exponentially increased. The
output packets are seldom compressed until reaches a
predefined value, R. Then the compressor goes to the SO
state, where the IR packet is transmitted at a fixed
interval of M packets. The relation of R and M can be
described as

R:|_10g2 MJ 1)

As we know, the packet stream includes two types of
packet, IR and CH packets. So we can represent the
index of IR packets in IR and SO state.

{2 +ir-1 IR state(<ir<R+1

" = )
\|(ir— R M+ 2% + R—1 SO stateR+1<ir<N

We can calculate the position of IR packet from above
equation. The result is shown in Table 2.

Table 2 Position of IR packets in the packet stream

1

2 5
3 10
4 19
5 36

As we defined previously, the SCTP packets stream
contains TR and CH packet. So, except IR packets, the
remaining positions are the index to CH packets, as
shown in Table 3.

Table 3 Position of CH packets in the packet stream

i |WiN—
N[

For a given compressed packet stream, we use ‘p( )’ to
represent the probability of decompressing a given
packet successfully. The successful decompression of a
packet depends on two conditions. First, the packet itself
should not contain any bit error that causes the
decompression failure. We use ‘e( )’ to represent the
probability of fatal bit error (FBE). Second, the context
should be valid. We use ‘c( )’ to represent the possibility
that the context is valid on CH packet. We use w to
represent the size of W-LSB encoding window.

1) For IR Packet

IR packet is independent from the context and can be
decompressed if no FBE happens. So we can get the
probability of decompressing an IR packet successfully
through Eq (3):

p(ir)= 1- e(ir) ire {nir} 3)

The throughput of IR packets can be calculated as in Eq
(4) and the unit is (packets).

nir)zgp(ir)zgl_e(ir)) ireln) @)

2) For CH Packet

The p not only depends on FBE, but also depends on
context. So the p of CH packet can be calculated as:

plch)=p(i” packet is not corrupted )*p(context is valid)

And we can get the equation as in Eq (5).

pleh)= (1-dch))xclch) — chen,} (5)
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The throughput of CH packets can be calculated as in Eq
(6) and the unit is (packets).

N N-1
T(ch= Hch=D1-dchjxdch  cheln,} (6)
0 ch=
where the c(ch) can be calculated as follows:

clcn)=1-

0,i-1
che\ng

}e(ch)-"‘f(pv)* ﬁew:)} o

Jj=0 ch=j+1

For a packet stream, the general equation for total
throughput T over N packets can be obtained as follows:

N-1

7(N)=2 pli) ®)

i=0

In order to represent the bandwidth efficiency, we derive
a parameter E, and it can be described as in Eq (9).

E= number of successful decompressing packets/number
of transmitted packets

=T(N)/N ©)

We employed a simple Bernouilli model for FBE of
IR and CH packets. We assume that the link layer drops
all the corrupted packets. With such a model, the packet
corruption is independent of each other and the e can be
calculated as:

e(ir) =1- (1 — b)(L"+LP L)
efch)=1— (1~ p)tarttrio)

where, L, is the length of payload in each packet. L, is
the length of IR packet header; L, is the length of CH
packet header; Ly, is the length of the link layer header.

We analyze the performance on SCTP agent. So we
set L, to 18 octets and L., to 2 octets from [7]. We
assume PPP protocol is used in link layer and thus L,y is
set to be 7 octets. The value of M will be assumed to be
64. And b is set to represent the bit error rate (BER). We
set the SCTP packet stream as 1000 packets per second.
Two nodes are connected through the wireless link. One
works as compressor and the other works as the
decompressor.

IV. PERFORMANCE ANALYSIS

In this section, we present some performance results
based on the analytical model specified by Eq (1) to (10).
And the performance results will be divided into three
parts: First, we analyze the relationship of the throughput
and bit error rate. Then we describe the impact between
bit error rate and bandwidth efficiency. Finally, we
present the throughput as a function of window size w.

A. Throughput vs BER

In order to get the numerical result, we define a SCTP
packet stream with 1000 packets. And it is composed of
IR packet and CH packet. So we will give the throughput
performance on the two types of packet respectively.

1) For IR packet

Fig. 5 shows a direct view of the throughput of IR
packet with the payload as a parameter result and can be
calculated from Eq. (4).

70 T T —T T

T LR R RS | H
il —6—Payload=80
\| —©&— Payload=40 |:

60 -4

|-t

N
[=1

w
a

_______

T(IR) {packets)

o[ SR

1° 10° 10* 10 10
BER

Fig. 5 Throughput of IR packet with different pay-
loads (when window size is w= 64).

With the increase of BER, the throughput decreases. It
is obvious that the throughput of IR packet is almost
same for the BER in the range of 1.0E-06 to 6.0E-06.
With the increase of BER, the throughput of IR packet
decreases for the BER above 6.0E-06.

In addition, it is also observed that the throughput of
IR packet increases as the payload increases.

2) For CH packet

We can get the numerical results for CH packets from
Eq (5) and they are shown in Fig. 6. The throughput of
CH packet has comparability with IR packet.

1000 TT IO

i[ ~—6— Payload=80 |:
—<— Payload=40 [T

i
i

q

900 -1+

800 }----
700 f----3--
800 f----i-- T WA

500

T(ch) (packets)

400 -

aoa|----

200

100

o H H HEH H HEH HH H =
10’ 10 10* 10 10°
BER
Fig. 6 Throughput of CH packet with different pay-

loads (when window size is w= 64).
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Fig.5 and Fig.6 show that the throughput of CH packet
is much higher than IR packet. It means that during a
transmission, most of the bandwidth is used to transmit
CH packet. As we know, CH is the packet with
compressed headers. So it is smaller than IR packet.

B. Bandwidth Efficiency vs BER and throughput vs

window size

Fig.7 presents the relationship between BER and
efficiency. The efficiency of IR and CH packets become
lower by increasing the BER. Under a high BER (1.00E-
01), the throughput of IR and CH packets can be
presented in Fig.8 with different values of w. With the
increasing of BER, the throughput of IR packet become
decreasing under the high BER period. But the de-

creasing tendency will be reduced by increasing the
value of w.

14

09}---
o7}
06}
05

04p--

Efficiency [T(in+T(ch)]

03}
024

0.1 f--4

BER
Fig. 7 Bandwidth Efficiency.

We use Eq (7) to get result as shown in Fig. 8. In order
to present this phenomenon directly, we fix the BER to
be a high value. So Fig. 8 gives a direct view about it.
The throughput of CH packet increases as the window
size w increases. The throughput of IR packet, however,
does not change as a function of window size w.

P
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9 : e
- 7 e T(CH)
2 ) 4
§ 7 — i TR)
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1
o = 4

1 2 4 8 16 32 64
Window Size w

Fig. 8 Throughput with different w values (where
BER=1.00E-01).

V. CONCLUSIONS

In this paper, we developed an analytical model to
analyze the performance of SCTP when ROHC header
compression is applied. The throughput of SCTP
packets in wireless link and the impact of window
size w of W-LSB encoding window scheme on
throughput in IR and SO states under U-mode is
discussed.

From this analysis, it is found that the throughput of
IR packet is almost same for the BER in the range of
1.0E-06 to 6.0E-06. With the increase of BER, the
throughput of IR packet decreases for the BER above
6.0E-06. And we also perform the impact of window
size for W-LSB encoding on ROHC robustness.

To simplify the analysis, the performance analysis in
IR and SO state under U-mode has been done in the
work. The complementary analysis under O-mode/R-
mode can be mentioned as the future work area.
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