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Abstract—Wireless networks applications enabled the people to communicate, from any where in the globe. Performance of   
reliable transmission control protocol (TCP) degrades in wireless networks due to its inability to detect and recover losses 
due to unreliable nature of wireless network such as signal fading, low bandwidth, bit error rate etc. This results in low 
utilization of available bandwidth, unnecessary retransmission and low throughput. We propose sender oriented loss 
recovery technique (SOLRT) to detect and recover packets lost in network due to congestion and link error.  Link error is 
detected using timeout. SOLRT reduces congestion occurrence, retransmission and recovery time in chosen path by 
predicting next transmission rate. To test the performance, we have simulated and analyzed the parameters retransmitted 
packets, delay and recovery time. The performance of SOLRT is better as compared to explicit loss notification (ELN) even 
under heavy traffic. 
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I. INTRODCUTION 
  
As a result of the advancement of wireless technology 
and the proliferation of hand held wireless terminals, 
recent years have witnessed an ever-increasing 
popularity of wireless networks [1].  TCP has been 
designed and tuned to perform well in traditional 
wired networks [2]. It suffers significant performance 
degradation in wireless networks due to their 
different characteristics, such as high bit-error rate 
(BER), large and variable delay, and bursty traffic [3]. 
If packet loss is detected, TCP recognizes the 
congestion occurrence of the network and performs 
congestion control by throttling the congestion 
window. Therefore, it is well known that the packet 
losses due to the transmission errors cause 
unexpected degradation of TCP throughput in a 
wireless cellular network environment [4].  
  
A  Related Work 
Many new schemes have been proposed to improve 
the efficiency of TCP over wireless network and are 
as follows: TCP for non-congestive loss (TCP-NCL) 
introduces two new serialized timer, first one for 
retransmission and second for congestion response. 
The expirations of two serialized timers are employed 
for triggering a packet retransmission and a 
congestion response.  By introducing congestion 
response decision timer, TCP sender gets some extra 
time to determine whether it should go ahead with the 
congestion control measures or not [5]. To improve 
the loss differentiation accuracy, 802.11 MIB 
attributes that record the wireless transmission on the 
MAC layer are used in [6]. The congestion window 
was reduced less frequently, because the wireless loss 
from congestion loss is differentiated more precisely 
than the other schemes and reduces the window only 
when congestion has occurred [6]. In Informed 
marking scheme, each receiver signals the sender  

 
whenever it cannot decode a packet due to a missing 
packet from its cache.  The receiver sends a control 
packet with the hash of the missing packet and the 
sender blacklists the corresponding packet in its own 
cache, in future encoding, the sender ignores repeated 
content matched to any blacklisted packet [7]. A 
packet lost due congestion or link error is detected by 
comparing the current round trip delay with the 
calculated delay threshold. If the current value is less 
than the calculated threshold value, then it is a non-
congestion loss otherwise as a congestion loss. For 
congestion loss, sender calculates the new delay 
threshold and triggers fast retransmission and 
congestion avoidance. If the non-congestion packet 
loss occurs frequently, TCP sender reduces the 
segment size to reduce the retransmission overhead 
and corruption probability [8]. Adaptive 
retransmission scheme recovers the video packet 
losses in content centric wireless networks, by 
applying the sequential hypothesis testing, which 
efficiently detects the round trip time (RTT) variation 
and tunes the timeout value. With taking into account 
the reasons for packet losses, adaptively adjusts the 
retransmission window [9].  
              
B. Our Contributions 
In this work, we designed new methodology to detect 
and to differentiate the losses occurred in wireless 
networks due to congestion and link error based on 
timeout and acknowledgment. Recovery of lost 
packet is done using fast retransmission, without 
reducing the transmission rate. By predicting the 
congestion occurrence in the chosen path, the 
congestion loss percentage is reduced. The 
performance of our scheme (SOLRT) is compared 
with explicit loss notification (ELN).The rest of the 
paper is organized as follows. Section II explains 
proposed work for loss recovery in wireless 
networks. Section III describes the implementation of 
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our approach using simulation. Section IV concludes 
our paper. 
 
II. PROPOSED SCHEME 
 
Proposed scheme detects and distinguishes different 
types of losses such as congestion loss and link loss. 
Loss detection mechanism is based on 
acknowledgments sent by receiver and timeout. The 
proposed model is divided into three main phases: 
sender, intermediate, and receiver phases. These 
phases and network model are discussed in this 
section. 
 
A. Network model  
Wireless cellular network scenario is as shown in fig 
1. It consists of cellular mobile nodes V={ v1,v2,v3, 
.....vn} and base station BS as access point. Each 
mobile node has transmission range Tr. Every node vi 
in the network associated with its position (xi , yi).  
Node vi's transmission range (Tr) is calculated using 
Euclid's distance formula given in equation 1. 
 
D=√ ((xi- xj) 2 + (yi- yj)2)  (1) 
 
 In the above formula (xi , yi) is the position of node vi 
and (xj , yj) is the position of  node vj.  D denotes the 
Tr of vi with respective to vj. Similarly to find  Tr of vi 
for other nodes, above formula is applied to all 
remaining nodes with respective  to vi .  

 
Fig 1. Wireless Cellular Network Scenario 

 
Sender phase is shown in fig 2 consists of 3 modules 
i) Packet Router ii) Loss Detection and Recovery iii) 
Acknowledgment Receiver. 

 
Fig 2. Block diagram of SOLRT 

 
i) Packet Router module 
Packet router module is responsible for generating 
and sending packets. Packet transmission is initially 
started with slow start mechanism which uses packet 
transmission Prate=1. Next transmission rate is 

calculated using equation 2.  
 
Prate = Prate x  2  (2) 
 
If probability of congestion occurrence is detected, 
the transmission rate is reduced to half of current 
transmission rate as given in equation 3.  
Prate = Prate/2  (3) 
 
The rate doubling and reduction is nothing but a 
proper utilization of bandwidth. Packet router dose 
not generates the next group of packets until the 
previous packets are successfully reach the 
destination. Packet router forwards the packets by 
using source and destination node information stored 
in the packet header and by setting the time required 
for transmission Time_in using below equation 4.  
 
Time_in=Ptran_s_time + Atran_s_time (4) 
 
Ptran_s_time is time set to transmit packets from 
source node to destination node and Atran_s_time is 
time set to transmit acknowledgment form destination 
to source. 
 
ii) Loss detection and Recovery module 
Loss detection module is responsible for detecting 
congestion and link loss. It is new flow control 
scheme for wireless cellular networks. Its main 
objective is to improve the throughput performance in 
wireless cellular networks. Loss detection mechanism 
is based on acknowledgment received through 
receiver. On receiving negative acknowledgments 
(NACK) within the Time_in, loss is determined as 
congestion loss. Recovery module retransmits the lost 
packets with Prate=1 by using the packet numbers of 
recently sent packets, which is maintained by sender 
node. Sender does not transmit next packets until 
acknowledgment is received for retransmitted 
packets. When packets are sent, sender waits for 
acknowledgment till Time_in. Time_in specifies the 
time within which the sender has to receive the 
acknowledgments for transmitted packets,  if the 
acknowledgment is not received within Time_in then 
sender interprets it as Time_out. Loss detection 
module detects that the packets are lost due to link 
error. Sender calls recovery module in order to 
recover lost packets. Recovery module retransmits 
the whole group of packets with same transmission 
rate Prate= Prate.  Loss detection and recovery module 
improves the TCP performance by differentiating the 
congestion loss and link error. Fast retransmit reduces 
the recovery time even under heavy traffic. This new 
methodology increases the throughput of system. 
 
iii) Acknowledgment Receiver module 
  This module is responsible for receiving 
acknowledgments sent by the receiver phase. Loss 
detection and recovery module does the loss detection 
and recovery by monitoring the acknowledgments are 
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received within the time or not. Acknowledgment is 
received within the time only when the following 
condition given in equation 5 is satisfied. Where 
T_delay is total time taken for payload transmission 
from source node to destination node. 
If (T_delay<= Time_in) then next transmission 
otherwise Time_out  (5)                    
                
If congestion occurrence information is contained in 
the acknowledgment then packet router reduce the 
transmission rate as given in equation 3. 
 
C. Intermediate phase  
This phase shown in fig 2 contains the congestion 
avoidance module which is new methodology 
implemented in this paper. Each mobile nodes in the 
network maintains buffers and current size of buffers 
is Bcsize. To each buffers threshold value Tshld is 
assigned. The congestion avoidance module checks 
the probability of congestion occurrence during next 
transmission in the chosen path at intermediate node 
as given in below equation 6. 
 
if ( (Tshld- Bcsize)<  (Prate  x  2) )  then Cf=1    
            Otherwise Cf=0.  (6) 
Congestion occurrence information Cf is forwarded 
to destination node. This information is sent to sender 
node through the acknowledgment generated for the 
received packets by the acknowledgment-generating 
module. Congestion information Cf = 1 denotes 
probability of congestion during the transmission. 
Using this mechanism certain percentage of 
occurrence of congestion can be reduced in the 
chosen path.     
 
D. Receiver phase 
Receiver phase shown in fig 2 consists of three 
modules i) Packet Receiver ii) Acknowledgment 
Generator and Router 
 
i) Packet Receiver module 
Packet receiver module is responsible for receiving 
the packets transmitted by sender module. Receiver 
node also receives the congestion occurrence 
information Cf sent by the intermediate node. 
 
ii) Acknowledgment Generator and Router module 
Acknowledgment generator generates the 
acknowledgments at both intermediate node and 
destination node. Acknowledgment generator 
generates the acknowledgment at destination node 
when packets are received successfully by setting 
checksum error bit Chk_sbit=0 and congestion 
occurrence information Cf=0. On receiving 
congestion occurrence information acknowledgments 
are generated by setting Cf =1. During the 
transmission, packets may be lost due to congestion if 
the condition Prate > Bcsize  is satisfied. Then NACK are 
generated by setting checksum error bit Chk_sbit=1. 
NACK are generated at those nodes where congestion 

occurs. These NACK are routed to source node. If 
(Prate >Bcsize) detection and recovery of lost packets is 
done at sender phase. Receiver phase receives 
transmitted packets and generates the NACK and 
acknowledgment (ACK) with error bit to indicate 
congestion occurrence during current and next 
transmission respectively. 
The figure 3 shows the interaction diagram of 
SOLRT. Sender node initially transmits the packet 
(PK1) with slow start by setting the time Time_in. On 
receiving the acknowledgment (ACK1) with 
Chk_sbit =0 and Cf =0 within Time_in, the next 
group of packets PK2, PK3 are transmitted by 
doubling transmission rate. Packets are transmitted 
with increased rate till ACK's are received for all the 
transmitted packets.  
 

 
Fig 3.Interaction diagram of SOLRT 

 
On receiving ACK's with Cf=1 within Time_in, next 
group of packets are transmitted with reduced 
transmission rate Prate/2. This predicts the 
occurrence of congestion during next transmission. 
On receiving ACK's with Chk_sbit =1 within 
Time_in denotes NACK and indicating congestion 
occurrence. So lost PK's are retransmitted with 
reduced transmission rate Prate=1. When no ACK's are 
received then PK's are lost due to link loss. Lost PK's 
are retransmitted without reducing the transmission 
rate. Thus efficient bandwidth utilization is done. 
SOLRT increases system throughput even under 
heavy traffic. Using fast recovery scheme reduces 
recovery time for lost packets. Lost rate is reduced in 
the chosen path due to congestion avoidance module 
proposed in this paper. 
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III. SIMULATION 
 
The proposed scheme SOLRT is simulated in 
network scenario using C programming language to 
verify the performance of TCP in wireless cellular 
networks.  In this section we describe the simulation 
model and simulation procedure. 
 
A. Simulation model 
A wireless cellular networks simulation model 
contains N number of mobile nodes within the area of 
AXB m2. Mobile nodes are placed randomly in the 
area. Each mobile node has transmission range Tr. 
Every node contains buffer with maximum threshold 
value Tshld. Current size of buffer is denoted as 
Bcsize. Various parameters used for simulation are 
listed in table 1. 
 
B. Simulation Procedure 
Simulation procedure for SOLRT is as follows. 
1) N number of wireless mobile nodes are generated 
and placed randomly in the given area. 
2) Each node transmission range is calculated using 
shortest distance formula. 
3) Select source and destination node.  
4) From source node to destination node shortest 
transmission path is calculated. 
5) Generate payload (packets) to be transmitted from   
source to destination node. 
6) Packets are generated with different transmission 
rate and invoke packet router procedure by setting the 
clock. 
7) Arrival of acknowledgment with in time having 
Cf=1 reduces the next transmission rate.    
 
Table I. Simulation Parameters  

 

8) Packet loss is generated assuming Gaussian     
distribution. 
9) Arrival of negative acknowledgments with in time 
invokes a recovery module to recover lost packets 
due to congestion. 
10) No acknowledgment arrived with in time  
indicates loss due link error and invokes a  recovery 
module. 
11) Compute the performance parameters of the 
proposed scheme SOLRT. 
The following parameters are observed to evaluate 
the performance of SOLRT. 
Retransmitted Packets: Total number of packets 
retransmitted due to packet loss. 
Recovery Time: Total time required to retransmit the 
lost packets. It is considered in terms of 
microseconds. 
Delay: Total time required to transmit the packets 
from source to destination. It is considered in terms 
of milliseconds. 
Throughput: Total number of packets transmitted 
without loss. 
 
C. Results 
In this section, we discuss various results obtained 
through simulation procedure. The result includes 
retransmitted packets, throughput, delay and recovery 
time. Our scheme SOLRT is compared with ELN. 
Fig 4 depicts retransmitted packets by varying the 
payload. In simulation procedure loss is generated 
assuming a Gaussian distribution. Hence as load 
increases the retransmission rate also increases in 
both SOLRT and ELN. Where as RP rate is less in 
SOLRT because it predicts the occurrence of 
congestion well in advance using congestion 
avoidance module.  

 
Fig 4.Load versus retransmitted packets 

 
Figure 5 depicts the throughput of the SOLRT and 
ELN scheme with varying number of nodes and hops. 
Performance declaims as number of nodes and hopes 
increases in both the scheme. But the performance of 
the SOLRT system is better as it is able to detect and 
differentiate losses due to congestion and link loss. 
Fig 6 depicts the total time taken for packet 
transmission from source to destination node. Delay 
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increases as load and number of hops increases in 
both SOLRT and ELN scheme. SOLRT performs 
better as packets lost due to link loss are transmitted 
without reducing transmission rate in SOLRT.  
Recovery time is more when packet-dropping rate is 
more in both SOLRT and ELN. But due to fast 
recovery module used in SOLRT scheme it is less 
compared to ELN as depicted in fig 7. 

 
Fig  5. Load versus Throughput 

  

 
Fig 6. Load versus Delay 

 
CONCLUSIONS 
 
In this paper a new loss recovery techniques based on 
acknowledgments is proposed. Congestion avoidance 
module reduces loss rate in the chosen path. 
Recovery time is less due to fast recovery of lost 
packets.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The system throughput is better compared to explicit 
loss notification (ELN) under heavy load condition as 
Gaussian distribution is considered for packet loss. 
Future work includes detecting and recovering 
packets lost due to other characteristics of wireless 
nature such as hands off, signal fading etc. 
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