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Abstract

In Ad-hoc network, Packet reorder is effect of many causes like congestion loss, packet loss due to corruption, multi-path
routing and node’s mobility. Transmission Control Protocol (TCP) performs poorly over wireless links which misinterprets
the reordered packets as lost packets due to congestion. This has motivated researchers on developing TCP variants towards
packet reordering problem for enhancing TCP performance. Some researchers have found the opportunity to use existing
TCP variants like SACK, TCP-Westwood to address the reordering problem. TCP-DCR (TCP-Delayed Congestion Response)
and RR-TCP (Reordering Robust TCP) are the TCP variants to acknowledge the packet reordering at the end level. In the
existing investigations, the protocols were tested in a simulation environment with one or two causes (congestion or error)
atatime over a simple topology. In our experiments, the simulation study of TCP variants has been done with all reordering
causes simultaneously, over a large ad-hoc environment including mobility and multi-path routing. A performance analysis
had been done using reordering metric (percentage of reordering) which accounts for earlier and lately arriving reordered
packets and estimated using throughput and goodput metrics. From our analysis, it is observed that the Selective
acknowledgement option of SACK-TCP and the delayed congestion response of DCR help to achieve better performance
than other variants in presence of low reordering due to high congestion and low error. However, these variants were failed
to meet up their performance in case of high reordering (reordering greater than 50%) due to high congestion loss and
high channel error losses. This observation has given the research opportunity to incorporate a discrimination algorithm
in the existing reordering solutions to classify the packet error from packet reordering.
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1. Introduction

Transmission Control Protocol (TCP)' is a connec-
tion oriented protocol, for the development of internet
applications which is in usage for several decades, cur-
rently has many challenging problems like protecting the
users’ data and their services from attackers®. Similarly,
MANET also has many challenging problems like design-
ing efficient routing protocols and providing QoS'*#
over the dynamic network with limited power nodes.
The deployment of TCP based applications which are

*Author for correspondence

designed for wired network over wireless and ad-hoc net-
work has given a new research direction to the design of
customized protocol. As compared to wired environment,
wireless channel provides lossy and noisy transmission
due to attenuation, environment interferences and noise.
In addition to propagation effects of wireless medium, the
frequent path change due to mobility of Mobile Ad-hoc
Network (MANET) nodes affects the transmission. These
non-congestion events lead to random packet losses in
the wireless environment. In TCP, packet loss is detected
either by duplicate ACK or timeout. The loss is concluded
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as the indication of network overload (congestion), hence
it reduces its sending rate. Since the losses are mapped
into congestion, even for non-congestion events TCP
reacts by reducing its sending rate. The inability of TCP to
distinguish the packet loss due to non-congestion events
from congestion events leads to spurious retransmissions
and unnecessary reduction in the sending rate.

The congestion and non-congestion losses constitute
the dominant cause for packets to arrive in an out of order
sequence by packet retransmission. In addition, Multi-
path routing and behavior of underlying protocol also
contribute to arrival of packets in out of order sequence.
For example, LLRTX*’ Link-Layer Retransmissions
mechanism retransmits the packets upon loss detection.
This retransmission causes the packets to arrive later
which leads to sequence discontinuity. In common, reor-
dering of packets simply means the earlier sent packets
(or segments) by sender arrives at the destination later
and vice versa. In** Packet reordering is defined as “net-
work behavior where the relative order of some packets
in the same flow is altered, when these packets are elated
in the network”. This packet reordering problem degrades
the performance of TCP by unnecessary reduction in
TCP’s sent rate.

Many TCP variants are recommended by research-
ers towards the packet reordering problem for improving
the performance of TCP. In** authors have stated that
the variants endeavor against packet reordering either by
postponing the congestion response over time period or
by revoking past congestion response.

The rest of the paper is structured as follows. Section
2 describes the motivation behind the detailed study.
Section 3 details the causes and impacts of packet reor-
dering on TCP over MANET. In Section 4, the existing
solutions are summarized. Section 5 details the simulation
environment and a performance study of the protocols
under investigation. Section 6 concludes and discusses
some possible directions for the improvement of TCP.

2. Motivation for Packet
Reordering Study over MANET

Based on the following motivations, we have done our
study on packet reordering over MANET.
o In the existing analysis on packet reordering’,
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general causes for packet reordering and its effects are
discussed.

Since the characteristics of MANET are different from
other types of networks like  wired network, wireless
infrastructure based network, an in depth study on packet
reordering specific to MANET is required.

o Even though many causes are mentioned in3,
only route fluttering (out of many causes) is considered
for the analysis. Actually route fluttering is an effect of
many causes like frequent change in link cost. They simu-
lated the route fluttering effect by changing the path delay.

For in depth analysis, simulation study should be per-
formed with all possible causes for reordering.

. In®,

the comparisons of TCP variants over
packet reordering by varying the Link layer retransmis-
sion limit are done over multi-hop network and wireless
infrastructure network. And the simulations were done
by varying the packet error rates over wireless networks.
A simple wireless network with one base station and two
end users was simulated. Also a chain topology with five
nodes without base station was also simulated.

For in depth analysis, a larger size ad-hoc network
should be considered.

o In*" the analysis was performed only with
throughput and goodput. These metrics help only to mea-
sure the achieved performance. High throughput or high
goodput may be achieved in the absence of reordering.

Hence, in depth analysis should be based on the level
of reordering that is analyzing the behavior of TCP vari-
ants for the various levels of reordering.

The main aim of this work is to analyze the behavior
of TCP variants over large size Mobile Ad-hoc Network
with all possible packet reordering causes using a metric
to measure the level of reordering.

3. Packet Reordering over MANET

3.1 Causes of Packet Reordering

Packet reordering phenomena mainly affects the perfor-
mance of Transport layer protocols. The receipt of out of
sequence packets occurs due to congestion and non-con-
gestion events. In’ the general causes for packet reordering
were listed. Among the general causes, we have listed the
events that cause the packets to reorder at the end level
over an MANET environment. Figure 1 depicts the vari-
ous packet reordering causes.
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Figure 1. Depiction of various packet reordering causes.

3.1.1 Packet Retransmission due to Congestion
Loss

The self-clocking principle of TCP says that the increase
in receiving rate of ACK will yield higher sending rate.
After some number of cycles, the network may reach its
congestion level. This network congestion is a common
event in the packet switching network. To recover the lost
packets, senders follow the retransmission procedure.
Since the receiver is receiving latest packets earlier and
earlier packets later, the received packets are in an out of
sequence at the receiver side.

3.1.2 Packet Retransmission due to Channel
Error

Unlike wired, wireless links are more error-prone. A
packet transmitted over wireless is lost due to channel
errors and hence it will not reach the destination in time.
There retransmission comes into effect and causes further
packets to reorder at the end-to-end level (receiver).

3.1.3 Route Fluttering due to Mobility

MANET nodes have the flexibility to change their
positions, without any manual procedure for physical
disconnection. This mobility results the path instability,
where the available path to a destination may utter. The
frequent changes in available routes may cause the pack-
ets to reach the destination in a sequence disorder.
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3.1.4 Packet-Level Multi-path Routing

For tackling the congestion in the network, routing the
packets in multiple paths is endorsed. This Multi-path10
routing balances the traffic load over wired/wireless links
than single path routing and enhances the performance
of Transport protocols. This will increase the bandwidth
utilization and capacity over links. This packet level multi-
path routing allows packets to be forwarded over multiple
paths simultaneously of same traffic for achieving load
balance in the network. These packets arrive at the des-
tination later or earlier depending upon their dissimilar
path delays. These packets arrive in an out of sequence at
the destination.

4. Impacts of Packet Reordering
in the TCP End-To-End
Performance

Packet reordering is a cumulative effect of many causes
which are discussed in previous section. Unlike packet
loss due to congestion or bit corruption, the reordered
packets will reach the destination successfully and hence
loss recovery and CWND (Congestion Window) reduc-
tion are unnecessary. However, receiving the packets in
out of order will have more impacts on the performance
of TCP. These impacts over MANET are discussed below.
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4.1 Spurious Segment Retransmission

The reordered packets trigger the receiver to send dupli-
cate ACK by misinterpreting the reordered packets as
lost packets. The source initiates the congestion response
by receiving more than three duplicate ACKs and the
inferred loss packets are retransmitted. This spurious
retransmission generates additional yet unnecessary traf-
fic load which leads to further decrease in the sending
rate thereby performance of TCP slows down.

4.2 Unnecessary Reduction in TCP Sending
Rate

Multipath routing was designed for dynamic network like
Ad-Hoc network to utilize all possible paths to reach the
destination. Node’s mobility causes frequent path change.
Both Multi-path routing and Node’s mobility yield per-
sistent reordering i.e. probability for packet reordering is
high. This persistent reordering triggers the congestion
response by receiving more duplicate ACKs or timeout at
the source. The frequent reduction in CWND leads to low
sending rate. Hence the utilization of available bandwidth
will be very low.

4.3 Underestimation of RTT and RTO

Karn’s algorithm™ says that the measured RTT samples
of retransmitted packets should not be considered for
RTO estimation. The principle helps the sender to avoid
RTT calculation using false RTT samples in the case of
reordering and early timeout. However, in the case of
persistent reordering, all measured RTT samples will be
discarded and hence sender fails to reflect RTT variation
in the RTO estimation.

5. Related Solutions and it’s
Investigations

To improve TCP performance, researchers have con-
tributed, by proposing a modification to the basic TCP
congestion control procedure. In’, authors specified
few TCP Variants and they classified the variants based
on its nature. In'"* authors have suggested that band-
width estimation procedure of TCP-W and Selective
Acknowledgement procedure of TCP-SACK may help the
sender to maintain its CWND in presence of reordering
which reported as loss. These algorithms are summarized
in this section.
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5.1 Eifel Algorithm

This algorithm® inserts the Timestamp option in the
header of the segment for detecting spurious retransmis-
sion. When the sender determines the last retransmission
as spurious it revokes congestion response by restoring
the congestion window. This algorithm fails if the trans-
mitted packet and the retransmitted packet get reordered.

5.2 RR-TCP

Reordering Robust TCP (RR-TCP)”%, by Zhang which
reduces dupthresh (duplicate threshold) dynamically
depending on fast false retransmit ratio (FA ratio) and
send additional one ACK clocked CWND data. This
improves the connection throughput whereas RR-TCP
maintains the reordering histogram for every reordered
segment, which is an additional overhead.

5.3 Leung-Ma Algorithm

Like RR-TCP, Leung-Ma Algorithm makes use of dup-
thresh to avoid spurious retransmission but includes the
mean deviation length of reordering segments. A mecha-
nism® for reducing the dupthresh while retransmission
timer expires is also included. It helps in improving con-
nection throughput and works similar to RR-TCP but
incurs less overhead.

5.4 TCP-DCR

TCP-Delayed Congestion Response (TCP-DCR)' by
Bhandarkar and Reddy focuses on delaying the congestion
response over a time period. This can be done by timer
based delay (waiting over one RTT) or by ACK based
delay. Delaying the congestion response avoids spurious
retransmission meanwhile receiver sends the cumulative
ACK for the received packets. TCP-DCR sends one new
segment while receiving duplicate ACK and postponing
response helps for maintaining larger congestion window.
This improves the connection throughput and helps in
avoiding spurious retransmissions.

5.5 TCP Westwood (TCPW)

TCP-Westwood', a TCP variant decouples the conges-
tion loss and random packet loss over the lossy wireless
links. Upon the receipt of ACK, TCPW sender estimates
the available bandwidth, and then adjusts the congestion
window for further transmission. Using this estimation,
upon congestion loss, it selects the ss thresh at the time of
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congestion response, without blindly halving down con-
gestion window. Duplicate ACK is also included in the
bandwidth estimation. This bandwidth estimation helps
by being friendly when compared to other variants over
wireless links.

5.6 SACK-TCP

SACK-TCP (Selective Acknowledgement is a TCP
variant which helps in reporting the lost packets during
multiple losses in single congestion window). This SACK
option avoids spurious retransmission of successfully
arrived packets and enhances TCP performance3 suggests
that the temporal approach like TCP-DCR helps in reduc-
ing the spurious retransmissions due to reordering which
keeps the congestion window as large and sustaining a
higher connection throughput. Even though algorithms
like Eifel, Leung-Ma and RR-TCP attempt in enhancing
TCP performance, they failed to resolve the potential
loss due to packet reordering. Hence theses algorithms
are excluded from our analysis. In this paper we compare
TCP-DCR with other variants (TCPW, SACK-TCP, and
TCP-New Reno) in presence of persistent reordering by
simulating all reordering causes instantaneously over
wireless Mobile Ad-hoc Network.

6. Performance Analyses

6.1 Simulation Design
NS2 Simulator (NS 2.35) has been chosen to conduct the

simulation experiments. The following parameters (Table
1.) are configured to simulate the dynamics of a real ad-
hoc network.

Since our focus is on analyzing the performance of
packet reordering in worst case scenario, a random set
of nodes, which are 400m apart have been configured as
sources and destinations at runtime. Simulations were
conducted with varying number of flows, and variable
queue size of mobile nodes to invoke the congestion loss
inside the network. The experiments with varying chan-
nel error rate (Bit Error Rate - BER) help to simulate the
packet loss due to bit corruption. Mobility of the nodes
and multi-path routing will invoke the route fluctuations.
Gauss-Markov mobility model is a temporal dependency
model'® which closely maps the model into real world i.e.
the future location and velocity of a mobile node are cor-
related with its past location and velocity'. To incorporate
this mobility model with our simulation environment,
we have used BonnMotion-1.7 tool”, a predominant
Java software tool used for generating and analyzing the
mobility models and for multi-path routing, MP-OLSR
(Multi-Path Optimized Link State Routing) protocol has
been used. MP-OLSR" is a fault tolerant and load bal-
ancing multipath routing protocol, used for simulating
multiple paths routing simultaneously. In all simulations,
FTP is configured as traffic source with the maximum
packet size of 1500 bytes. The topology which was con-
sidered for our experiments is depicted in Figure 2. The
simulations are grouped into cases as detailed in Table 2.

Table 1. Simulation Parameters
Simulation area 800m x 800m
Simulation time 1000 sec
Number of mobile nodes 50
Number of TCP Flows 5,10, 15,20

Mobility Model

Gauss-Markov Mobility Model

Queue size 20,100
Error Model Uniform Error Model
Error rate (BER) 0, 0.0001, 0.001

Routing Protocol

MP-OLSR (Multi-path Optimized Link State Routing)

Transport level protocols

TCP-DCR/TCPW/SACK-TCP/TCP-New Reno
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Table 2. Simulation Cases
Queue size Channel Error . . .
Cases (No. of Packets)|  Rate (BER) Mobility Model Multipath Routing
1. Low Congestion and No error 100 0
2. High Congestion and No error 20 0
3. Low Congestion and Low error 100 0.0001 MP-OLSR
Gauss — Markov . o
s Multipath - Optimized
Mobility Model Link State Routi
4. Low Congestion and High error 100 0.001 tnicotate Bouting
5. High Congestion and Low error 20 0.0001
6. High Congestion and High error 20 0.001

Figure 2. A Topology with 50 nodes.

(The multiple paths between one source-destination
pair are highlighted).

6.2 Methodology for Analysis

Since we have designed our experiments to map the real
world scenario with simulation, the flows are distributed
by the congestion loss, error loss, path unavailability and
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failure to access the channel. Hence we followed a meth-
odology (discussed below) for our analysis.

For the purpose of classification of flows, the reorder
ing ratio and MAC level Channel access probability are
used. The flows which are not finding any path during the
simulation time are excluded from the analysis and the
remaining flows are classified based on the measured reor-
dering ratio. Some flows are affected by high congestion;
high channel error rate and multi-path, hence achieve
low end-to-end performance. Some of them will achieve
high end to end performance due to less congestion, low
channel error rate and low multipath packet reordering.
The high congestion, high channel error rate and the
transmission of packets through multiple paths will con-
tribute to severe packet reordering in the network. After
consolidating the reordering ratio of all the flows for all
possible scenarios, we found that the maximum reorder-
ing ratio is 60% and low reordering ratio is 0%. Therefore,
the flows which are having reordering ratio between 0%
and 20% are grouped into low reordering level, the flows
which are having reordering ratio between 21% and 40%
are grouped into medium reordering level and the flows
which are having reordering ratio between 41% and 60%
are grouped into high reordering level. The flows which
are closer to the higher boundary of a level are moved to
next higher level. For example, a flow with 39% of reor-
dering ratio is moved to high reordering level.
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6.2.1 Packet-Reordering Ratio

In presence of reordering, it is desirable to affirm the

degree of reordered packets, with respect to other pack-

ets. The packet reordering ratio metric is defined™ as,

Count of packets with Type - p - reordered = True (1)
L

Where, L is the number of arrived packets at the des-
tination and “count of packets with Type-p-reordered =
True” represents the number of reordered packets. This is
can be expressed as percentage by multiplying 100 to it.
Duplicate packets are excluded from calculation.

The variable Type-p-reordered is a flag to designate
the reordered packets. The RFC 4737% has given a proce-
dure to designate the incoming packets using the variable
“Type-p-reordered” recommend incorporating both
lateness and earliness packets for packet reordering ratio
calculation. As per the recommendation of RFC 5236
the procedure has been modified as follows (modifica-
tions is highlighted),

If s = NextExp then /* s is in-order */

NextExp =s + 1;

Type-P-Reordered = False;

Else if s < NextExp or s > NextExp /* s is in out-of-
order (lateness and earliness)

Type-P-Reordered = True.

Reorder Ratio =

6.2.2 Channel Access Probability

While routing the packets towards the destination, the
abrupt path disconnection of mobile nodes leads to
packet drop. Frequent path disconnection lowers the pro-
tocol performance. The flows with high packet drop rate
due to route unavailability are eliminated from perfor-
mance analysis.

Count of packets dropped due to route

ChannelAccess = failure and MAC level failure 2)

Probability

Count of packets sent by source

6.3 Simulation Results and Analysis

The simulation observations are summarized below.
Case 1: Experiments with low congestion loss and no

error (queue size = 100, BER = 0, Gauss-Markov Mobility
Model and Multi-path routing using MP- OLSR).
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Figure 3. Performance of the connections with medium
reordering with BER = 0 and Queue size = 100 packets. (a)
Mean Throughput. (b) Mean Goodput.
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Mean Goodput at BER = 0 and queuesize = 100

New-Reno —e&—

TCP-DCR —5—
TCPW —m—

SACIC-TCP 1

Per Connection Average Goodput (kbps)
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Number of Flows
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Figure 4. Performance of the connections withhigh
reordering at BER = 0 and Queue size = 100 packets. (a)
Mean Throughput. (b) Mean Goodput.

By setting queue size = 100 and BER = 0, the loss
probability due to congestion and error becomes very
less. In this experiment, we observed congestion prob-
ability of 0.5%, error loss probability of 0% out of total
loss probability of 20%. In the remaining loss of 19.5 %,
loss due to mobility and multi-path routing is 10%, which
may contribute to reordering. Other 9.5% losses are due
to the events like collision and exceeding retry count at
MAC level.

Performance metrics of the connections with medium
reordering and high reordering are plotted in Figure 3

Mean Throughput at BER = O and queuesize = 20

"New-Reno —e—
TCP-DCR — o
TCPW —m—
200 | SACKTCP —&—

50

Per Connection Average Throughput (kbps)
o
=]

5 10 15 20
Number of Flows

(a)

and Figure 4. At medium reordering (maximum of 33%),
TCP-DCR and SACK-TCP outperform than others. The
high reordering threshold of TCP-DCR (i.e. number of
duplicate ACKs > 3) and non-contiguous block reporting
mechanism of SACK-TCP protect the sender to maintain
the sending rate at same level or with less reduction in
CWND. However, in high reordering (maximum of 55%),
the late arrival of out-of-order packets triggers frequent
timeout events in TCP-DCR and repeated unnecessary
retransmissions in SACK. Hence both schemes fail to
achieve the desired end-to-end performance.

A small variation of 10kbps among the solutions is
also observed. While increasing the number of flows as
large as 20, all TCP variants failed to meet up their per-
formance due to over network traffic (bottleneck link) at
nodes and due to frequent path disconnection and route
fluctuations.

Case 2: Experiments with high congestion loss and no
error (queue size = 20, BER = 0, Gauss-Markov Mobility
Model, Multi-path routing using MP-OLSR).

In this experiment, by setting the queue size of nodes
as 20, the congestion loss probability increases to 10%
out of total loss probability 20%. Even in the presence of
congestion, the TCP-DCR performs well than others in
medium reordering (reordering ratio maximum of 38%)
shown in Figure 5 (a). The delayed congestion avoidance
invocation procedure, the fast recovery procedure and the

Mean Goodput at BER = 0 and queuesize = 20
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TCP-DCR ——

100 TCPW —m— |
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Per Connection Average Goodput (kbps)
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Number of Flows
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Figure 5. Performance of the connections with medium reordering at BER = 0 and Queue size = 20 packets. (a) Mean

Throughput. (b) Mean Goodput.
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Mean Throughput at BER = 0 and queuesize = 20
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Figure 6. Performance of the connections with high reordering at BER = 0 and Queue size = 20 packets. (a) Mean Throughput.

(b) Mean Goodput.

multiple decrease procedure of basic TCP in the case of
high congestion provide an adaptive nature to the TCP-
DCR. Since SACK is maintaining sender in congestion
avoidance, it acts as aggressive mechanism in the high
congestion.

Even though TCP-DCR provides a high end-to-end
performance in high congestion and medium reordering,
it achieves low performance like other TCP variants in
high reordering (reordering ratio maximum of 55%).

Mean Throughput at BER = 0.0001 and queuesize = 100
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Case 3: Experiments with low channel error loss and
low error (queue size = 100, BER = 0.0001, Gauss-Markov
Mobility Model, Multi-path routing using MP-OLSR).

Over wireless medium, channel errors results in fre-
quent random packet losses in the network. In presence
of low channel error loss, most of connections get affected
by reordering. Hence, the medium reordering, the ratio
is increased to 45% (compared to 33% in Casel). In high
reordering, the ratio remains same.

Mean Goodput at BER = 0.0001 and queuesize = 100
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Figure 7. Performance of the connections with medium reordering at BER = 0.0001 and Queue size = 100 packets. (a) Mean

Throughput. (b) Mean Goodput.
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Mean Throughput at BER = 0.0001 and queuesize = 100
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Mean Goodput at BER = 0.0001 and queuesize = 100
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Figure 8. Performance of the connections with high reordering at BER = 0.0001 and Queue size = 100 packets. (a) Mean

Throughput. (b) Mean Goodput.

In medium reordering (Figure 7.), SACK-TCP yields
high performance compared to other variants and sustains
up to number of flows equals to 15. When the number of
flows equals to 20, all variants are yielding very low per-
formance. In contrast, TCP-DCR and TCP-W yields very
high performance only in less number of flows. In high
reordering (Figure 8.), all TCP variants behave similar
and yields high performance loss.

Case 4: Experiments with low congestion and high
channel error loss (queue size = 100, Channel error rate =

Mean Throughput at BER = 0.001 and queuesize = 100

Per Connection Average Throughput (kbps)

5 10 5 0
Number of Flows

(a)

0.001, Gauss-Markov Mobility Model, Multi-path routing
using MP-OLSR).

In the presence of high channel error loss, in case of
medium reordering the ratio maximum of 33% (in case
2) has been increased to 48%. Figure 9 shows that in
medium reordering, compared to other variants SACK-
TCP has higher achieved throughput and goodput.
However, numerically it yields negligible performance i.e.
the variation between SACK-TCP and other variants are
very less. Similarly, Figure 10 shows that DCR has higher

Mean Goodput at BER = 0.001 and queuesize = 100

Per Connection Average Goodput (kbps)

5 10 5 0
Number of Flows

(b)

Figure 9. Performance of the connections with medium reordering at BER = 0.001 and Queue size = 100 packets. (a) Mean

Throughput. (b) Mean Goodput.
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Figure 10. Performance of the connections with high reordering at BER = 0.001 and Queue size = 100 packets. (a) Mean

Throughput. (b) Mean Goodput.

throughput and, goodput and they yield negligible per-
formance i.e. the variation between TCP-DCR and other
variants are very less.

The high transmission error leads to heavy packet
reordering and engender more duplicate packets by spu-
rious retransmission frequently. Frequent congestion
response leads to performance degradation in all variants.

Case 5: Experiments with high congestion and low
channel error loss (queue size = 20, Channel error rate =
0.0001, Gauss-Markov Mobility Model, Multi-path routing

Mean Throughput at BER = 0.0001 and queuesize = 20
300

"New-Reno —g—
TCP-DCR —F—
250 | TCPW —m— |
SACKTCP —&—

Per Connection Average Throughput (kbps)

5 10 15 20
Number of Flows

(a)

using MP-OLSR).

When comparing all variants in the presence of low
error rate (BER = 0.0001) and high congestion, in the case
of medium reordering, TCP-DCR and SACK-TCP per-
form better than TCP-New-Reno and TCPW. The packet
loss is the effect of high congestion and low error and as a
result, it invokes congestion action unnecessarily. Hence
in high reordering, all TCP variants (TCP-SACK, TCPW,
and TCP-New Reno) yield poor performance.

Mean Goodput at BER =0.0001 and queuesize = 20
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Figure 11. Performance of the connections with medium reordering at BER = 0.0001 and Queue size = 20 packets. (a) Mean

Throughput. (b) Mean Goodput.
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Mean Goodput at BER = 0.0001 and queuesize = 20
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Figure 12. Performance of the connections with high reordering at BER = 0.0001 and Queue size = 20 packets. (a) Mean

Throughput. (b) Mean Goodput.

Case 6: Experiments with high congestion and high
channel error loss (queue size = 20, Channel error rate =
0.001, Gauss-Markov Mobility Model, Multi-path routing
using MPOLSR).

In the presence of higher error rate and high con-
gestion, most of connections faced the severe packet
reordering i.e. most of the connections fall under high
reordering level and a very few flows fall under medium
reordering. At medium reordering, the SACK-TCP per-
forms better than others and its performance variation

Mean Throughput at BER = 0.001 and queuesize = 20

SACICTCP —2—

Per Connection Average Throughput (kbps)

* 5
5 10 15 20
Number of Flows

(a)

with others is negligible. In high reordering, all TCP vari-
ants yield low throughput Figure 13 (a) and low goodput
Figure 13 (b) within range 0 to 0.25kbps. In this case of
severe reordering due to congestion, high channel error
and multipath routing, all variants failed to meet up their
performance.

Figure 14. Performance of the connections with high
reordering at BER = 0.001 and Queue size = 20 packets.

From all our previous analysis, the variants are com-
pared in high and medium reordering separately. Hence
to visualize the performance of variants both in medium

Mean Goodput at BER = 0.001 and queuesize = 20
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(b)

Figure 13. Performance of the connections with medium reordering at BER = 0.001 and Queue size = 20 packets. (a) Mean

Throughput. (b) Mean Goodput.

B 2 | vos (16) | July 2015 | www.indjst.org

Indian Journal of Science and Technology



J. Govindarajan, N. Vibhurani and G. Kousalya

Mean Throughput at BER = 0.001 and queuesize = 20

0.3 !
- New-Reno —a—
£ TCP-DCR —F—
(<2 025 | TCPW —m— |
s ) SACKTCP —&—
£ i
S
é 0.2 t
% 015 | ]
o il
E I
E 0l t
3
E 0.05 |
@]
b}
a

0 Bt

5 10 15 20

Number of Flows

(a)

Mean Goodput at BER = 0.001 and queuesize = 20

0.14 ’
MNew-Reno —a—
7 TCP-DCR —F—
g o} W —m— |
= i ACKTCP —A—
=
501}
2
Q
° 0.08
? &
')
Z 006 | Ell
£ 3
S 004
L7
E
Q
o002}
&
0 Tt
5 10 15 20

Number of Flows

(b)

Figure 14. Performance of the connections with high reordering at BER = 0.001 and Queue size = 20 packets. (a) Mean

Throughput. (b) Mean Goodput.

and high reordering level, the results of case 5 and case
6 are summarized as shown in Figure 15 and Figure 16.
Since case 5 and case 6 are the worst case scenarios, other
cases are excluded in this summary. Following are the few
important observations from this summary.

o In high congestion and low channel error (case
5), the connections with medium reordering (20% to
39%) achieves high performance with the help of delay

Mean Throughput at high and medium reordering
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Figure 15. Performance of TCP variants in case 5.
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procedure in TCP-DCR and in high congestion and high
channel error (case 6), the connections with medium
reordering (20% to 39%) achieves high performance with
the help of Selective Acknowledgement procedure in
TCP-SACK.

o Both in case 5 and case 6, all variants fail to yield
high performance to the connections with high reorder-
ing (40% to 60%).
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Figure 16. Performance of TCP variants in case 6.

7. Conclusion

Packet reordering occurs implicitly due to frequent
retransmission of lost packets. The problem of receiving
out of sequence packets is inevitable over an ad-hoc net-
work. From our simulation we analysed the performance
trade-off between the TCP variants (TCP-DCR, SACK-
TCP, TCPW, and TCP-New Reno) over severe packet
reordering. In high reordering, the variants perceive the
packet reordering events as loss which invokes frequent
unnecessary congestion action. This leads to perfor-
mance degradation. In future TCP-DCR and SACK can
be extending with discrimination procedure to avoid the
false time out events.
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