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ABSTRACT

Currently, wired and wireless intemnetworking is increasingly used for data
communication. The transmission control protocol (TCP) is one of the traditional protocols
utilized to control the reliability of data transmission. This protocol is mainly designed for wired
networks. Nevertheless, it can be applied to wireless networks, but its performance will be
decreased because of duplicated packets. The duplicated packets are obstacle and are occurred
when transmission time from base station to mobile host is greater than TCP’s timeout.

In order to improve the TCP’s performance over wireless networks, we propose TCP
timeout resetting approach to reduce the duplicated packets. In this way, the status of error rate of
wireless networks is firstly checked. If the error rate is greater than the presetting value, then the
TCP timeout parameter is reset. The presetting value is significant for deciding the status of
wireless network. In this paper, the queueing model is analyzed and implemented to the base
station to obtain the suitable presetting value.

Finally, the simulation results by using OPNET simulation program are evident that

duplicated packets are greatly reduced. This means that the TCP’s performance is improved.
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) Wswaluaaofmes

“tepomgr_sv_init ();
~ltcp_notification_log_init ();

/* If not already done, define the tcp2 event pooled memory :
if (ev_defined == OPC_FALSE)
{

ev_defined = OPC_TRUE; |
ev_pmh = op_prg_pmo_define (“tcp2 event", sizeof (TcpT.i
} ]

ev_ptr = (TcpT_Event*) op_prg_pmo_alloc (ev_pmh);
/* Without memory to hold the event, this model ml‘l be di:
i k(ev_ptr == OPC_NIL)

op_prg_log_entry_write (11_loghndl,
“Unable to create event structure.");

op_sim_end (“Please check simulation log for simulation
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ﬂWl?l 4.8 state variable

/' get a hand‘le on pu:l(gt at head of subqueue 0 */
'|/* (this does not remove the packet) A
ipkptr = op_subq_pk_access (0, OPC_QPOS_HEAD);

/* determine the packets length (in bits) LY/
pk_len = op_pk_total_size_get (pkptr);

/* determine the time reguired to complete ~f
/* service of the packet .y
pk_svc_time = pk_len / service_rate;

/* schedule an interrupt for this process wy/
/* at the time where service ends. ./ e
op_intrpt_schedule_self (op_sim_time () + pk_svc_time, 0);

/* the server is now busy. 74
server_busy = 1;

M 4.9 Tsunsuniold sve-start
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Abstract - When a TCP ’s message was sent to a mobile host
in wireless network, it had to be transmitted via a base
station. If the environment in wireless network at that
moment is not good, i.e., error rate is too high, then the
time to transfer this message to reach its destination mobile
host successfully may longer than TCP ’s timeout. Under
this circumstance, TCP will retransmit same message,
hence, duplicated message will occur and system
performance will decrease.

This paper proposes a mechanism to avoid this problem
and also to improve the system performance by defining
bad and good states in according to error rate of wireless
environment. If wireless network is in bad state at any
moment, TCP network will be informed by base station to
extend timeout of that message, i.e., to reset timeout. The
definition of bad and good states is analyzed in term of
error rate and queueing model of base station Iis
introduced. Numerical results show very good performance
on our mechanism.
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I. INTRODUCTION

Transmission Control Protocol (TCP) is a reliable
transmission protocol. It is designed to be suitable for
wire network. TCP detects message losses by using
timer at TCP sender. If TCP does not receive any
response from destination before timeout will occur, it
assumes that the message has lost and retransmits same
message again. When the TCP ’s message is sent to a
mobile host (MH) via wireless links, the message loss
mainly occurs due to the density of error rate of wireless
channel. Normally, the time to transmit a message from
base station (BS) to a MH and response to TCP sender
under good circumstance, i.e., error is low, should be
shorter than TCP °’s timeout. However, in a bad
circumstance, i.e., error is too high, this time will be
longer than TCP ’s timeout. Therefore, if the time that
BS still try to transmit a message in according to data
recovery procedure in data link layer is longer than TCP
‘s timeout, then TCP retransmit the same message again
to BS, and this will cause duplicated message. This
problem will degrade the TCP performance.

In this paper, we propose a mechanism to avoid this
problem and also to improve the system performance by
defining bad and good states in according to error rate of
wireless environment. If wireless network is in bad state
at any moment, TCP network will be informed by

concemed BS to extend timeout of that message, i.e., to
reset timeout. The definition of bad and good states is
analyzed in term of error rate and queueing model of BS
is introduced. Numerical results show very good
performance on our mechanism.

II. SOME OTHER RELATED WORKS

There are some other related works to our approach
[1,2,3,4]). Paper [1,2] proposed an approach to split the
connection between a fixed host in TCP network and
MH in wireless network into two sections. The first
section is the connection between TCP ’s fixed host and
BS over wired medium. The second section is the
connection between BS and MH over wireless medium.
This approach improves TCP performance by separating
the flow control and congestion control of the wireless
link from the TCP network. However, it violates the
semantics of end-to-end reliability. Because it is not
the end-to-end control mechanism. Therefore, the
acknowledgement from BS can arrive at the source (a
fixed host) before the message actually reaches the
intended destination MH. Furthermore, this approach
requires a lot of state maintenance at the BS.

Normally, the message size on typical wireless

-network is smaller than the message size on wired

network. Paper [3] presented a simulation study on the
suitable message size that should send from wired to
wireless network. The maximum message size was
changed in order to prevent excessive transmission error.
However, this approach increases transmission overhead
because the total message of fixed host has to be
segmented into individual blocks within defined
maximum message size before transmission to wireless
network.

Paper [4] proposed a snoop agent at the BS to act on
behalf of sending source. Snoop agent will perform local
retransmission inside wireless network whenever it
received an acknowledge of message loss from MH, or
when the local timeout occurred. However, the sending
source will not be informed the situation during the
snoop agent perform this procedure. Therefore, the
duplicated message problem can occur in both [3] and
[41.

In order to avoid above-mentioned problems, we
have considered on the end-to-end control from fixed
host (sending source) in TCP network to destination MH



in wireless network. The sending source will be
informed by BS about situation during the local
transmission in wireless network. Whenever the bad
transmission environment in wireless network is detected
by BS, that BS will inform sending source in TCP
network and ask it to restart the TCP ’s timeout.

III. BAD AND GOOD STATES IN WIRELESS
NETWORKS

The bad and good states in wireless network will be
defined in according to the time that spent for a message
at BS. And this time varies with the error rate occurred
in wireless links. Let us assume that the message sent
from TCP network to BS has a rate A m/s, and it is
Poisson distribution. We also assume that BS can service
p m/s and the time of service each message is
exponential distribution. Then, the model of BS is
M/M/1 queueing system as shown in Figurel.

........ ..JBase.Station........,
TCP A, '%d;ssv MH
Network e server | link
I Mobile Host
”l x -
£ >

Figure 1. M/M/1 queueing model of BS.

As shown in Figure 1, let T be the total system time
for a message that has to spent in a wireless network
before arriving its destination MH, then according to [5],
it will be given by

1/u
T=—£

where p = 2 < 1 isautilization factor of BS.

Now, let X be an average service time of BS under
no error condition, including transmission time from BS
to MH and response time from MH to TCP sender. Then
from (1), system time in wireless network for a message
under no error environment can be obtained as below.

X @)

t=—

l-p
Here, p is a constant (0<p<1) and X = 1/p. under no error

environment. Now, let £ be a probability of current error
that may occur in wireless link. It is clear that as much as
error occur, the time that a message has to spent in BS
will increase related with t. Hence, we have to modify
the value of T from (1) in term of t from (2) under the
error environment as follow.

T=a+t
= (&t €))
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Finally, it can be obtained

T =(s+1)1—x; 4)

Here, £= 0, means no error in wireless link, then T =1t.
Now, let us define 1 to be TCP ‘s timeout. The definition
of bad and good states of wireless link is determined as
follow.

(a) IfT <, itis a good state. This condition means,
that the message transmission between TCP
sender and MH can complete within a TCP ‘s
timeout.

(b) If T > 1, itis a bad state. This condition means
that the message transmission can not complete
within a TCP ‘s timeout and retransmission will
occur which may cause duplicating of message.

Figure 2 shows the relation of T and &. The value of T is
scaled in term of time X.

p=0.1 p=03 p=0.5

p=0.7

ot -
=
2

[]

]

& P
3X X

»

Figure 2. Relation of £and T with different p.

The value of € at T = 1 is a critical value to change the
state from bad to good, or good to bad. Let & be the
critical value of &, then from (4) when T = 1, we obtain

T =(e'+1)—-x—
l-p
(1 -p) o)
=" 1
and € X

For example, if T = 3X and p = 0.5 as shown in Figure 2,

then & = 0.5. So, if € is more than 0.5, then T is more
than 3X or T > 1, the wireless network is in bad state.



Therefore, in general, as shown in Figure 3, it is clear
that,

(a) when £< &', then T<r, the wireless network is in
good state, and

(b) when £> &/, then T>r, the wireless network is in
bad state.

Figure 3. Transition between bad and good states.

From the example shown in-Figure 2, when t = 3X and
£=0.5, we can define the range of current error £ into
two parts. Such as, 0 <£ < £”is the range of good state

and £<¢& <1 is the range of bad state. Therefore, 1-&”

will be a full range of value of £ that causes wireless

network fall into bad state. As & becomes bigger than &,
the failure rate of transmitting a massage via wireless
network will grow higher. Thus, we can yield the

unsuccessful transmission probability(Py) as follow.

L E> ¢ ©)

Let us define P; as a successful probability of
transmitting a message in wireless network when it is in
bad state. Then from (6), we can obtain

PS =1‘Pu
P. = &g’
§ |
- 1-c L E> & -7
1-&

IV. TCP 'S TIMEOUT RESETTING

As we have described in section III that when T > <

or £> £’ the wireless network is in bad state. Then our
approach is to extend the TCP ’s timeout or reset TCP ’s

timeout whenever it is found that £> &, In this paper we
will consider only the condition of wireless network in
the duration of two timeout. Let P; and P, be the value of
P, in the first and second timeout respectively. Then the
probability model of wireless network in normal TCP
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transmission and our approach transmission can be
described as shown in Figure 4 (a) and (b) respectively.

(1-P) A
I ” PPy A
A | P>
Py >
P

4 (a) Normal TCP transmission.

Py(1-Py) A
®

P

A Py

4 (b) Our approach transmission.

Figure 4. Probability model of wireless network
in bad state.

Let G = total message sent from TCP to wireless
network including retransmission.
S = total message that reached destination in
wireless network successfully(throughput).

From Figure 4 (a), we can obtain the following equations
for normal TCP transmission.

G=%+(1=P)\ ®)
S=P\+P,(l -P,)A ©)

- g USSy: § DS 10
goodput =& = ey (10)

And from Figure 4 (b), we can obtain the following
equations for our approach transmission.

G=12 (11)
S=PA+P,(1-P)A (12)

PA+P, (1-P)A

3
5 (13)

goodput =

Where P,,P, € P

V. NUMERICAL RESULTS

From the example in section III, let us assume €’=

0.5 and £ = 0.8, then from (7), P, = 0.4. In order to
compare the result between normal TCP and our
procedure, let us also assume that P; = P, = P, in this
numerical analysis as shown in Figure 5 and Figure 6.
The numerical results in Figure 5 and Figure 6
demonstrate that our approach obtains throughput higher
than normal TCP. This is because of the extension of



timeout when wireless network was in bad state. Then
the number of retransmission is reduced.

pi=p2=04
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Figure 5. S and G in normal TCP and our approach.
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Figure 6. Goodput in normal TCP and our approach.

VI. CONCLUSIONS

In this paper we proposed the TCP °’s timeout
resetting mechanism whenever the time to transmit a
message via wireless network will be longer than TCP 's
timeout. The base station of wireless network can
observe this bad situation by estimating the current error
rate and informs TCP network. By extending the TCP ’s
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timeout whenever the wireless network is in bad state,
the performance, in term of throughput, can be
improved.
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