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Abstract — Multipath Routing in 802.16 WiMax 

Networks approach consists of a multipath routing 

protocol and congestion control. End-to-End Packet 

Scatter (EPS), alleviates long term congestion by 

splitting the flow at the source, and performing rate 

control. EPS selects the paths dynamically, and uses a 

less aggressive congestion control mechanism on non-

greedy paths to improve energy efficiency fairness and 

increase throughput in wireless networks with location 

information. 

 

I. INTRODUCTION 

 

WiMAX (Worldwide interoperability for Microwave 

access) or IEEE 802.16 is regarded as a standard for 

metropolitan area networks (MANs) It is one among the 

most reliable wireless access technologies for upcoming 

generation all-IP networks.IEEE 802.16[1].(Wimax) is 

“defacto” standard for broadband wireless 

communication. It is considered as the missing link for 

the”last mile” connection in Wireless Metropolitan Area 

Networks (WMAN). It represents a serious alternative to 

the wired network, such as DSL and cablemodem. 

Besides Quality of Service (QoS) support, the IEEE 

802.16 standard is currently offering a nominal data rate 

up to 100 Mega Bit Per Second (Mbps), and a covering 

area around 50 kilometers. Thus, a deployment of 

multimedia services such as Voice over IP (VoIP), Video 

on Demand (VoD) and video conferencing is now 

possible by this Wimax Networks[2].WiMAX is regarded 

as a disruptive wireless technology and has many 

potential applications. It is expected to support business 

applications, for which QoS support will be a 

necessity[3].In Wimax the nodes can communicate 

without having a direct connection with the base station. 

This improves coverage and data rates even on uneven 

terrain [4]. 

 

II. ROUTING IN MESH NETWORKS 

 

Mesh mode that only allows communication between the 

BS and SS, each station is able to create direct 

communication links to a number of other stations in the 

network instead of communicating only with a BS. 

However, in typical network deployments, there will still 

be certain nodes that provide the BS function of 

connecting the Mesh network to the backbone networks. 

When using Mesh centralized scheduling to be describe 

below, these BS nodes perform much of the same basic 

functions as the BSs do in mesh mode. Communication in 

all these links in the network are controlled by a 

centralized algorithm (either by the BS or decentralized 

by all nodes periodically), scheduled in a distributed 

manner within each node's extended neighborhood, or 

scheduled using a combination of these. The stations that 

have direct links are called neighbors and forms a 

neighborhood. A nodes neighbor is considered to be one 

hop away from the node. A two-hop extended 

neighborhood contains, additionally, all the neighbors of 

the neighborhood. Our solution reduces the variance of 

throughput across all flows by 35%, reduction which is 

mainly achieved by increasing throughput of long-range 

flows with around 70%. Furthermore, overall network 

throughput increases by approximately 10%. 

 

There are two basic mechanisms for routing in the IEEE 

802.16 mesh network 

 

A. Centralized Routing 

 

In mesh mode the concept BS (Base Station) refers to the 

station that has directed connection to the backhaul 

services outside the Mesh Network. All the others 

Stations are termed SSs (Subscriber Stations). Within the 

Mesh Networks there are no downlink or uplink concepts. 

Nevertheless a Mesh Network can perform similar as 

PMP, with the difference that not all the SSs must be 

directly connected with the BS. The resources are granted 

by the Mesh BS. This option is termed centralized 

routing. 

 

B. Distributed Routing 

 

In distributed routing each node receives some 

information about the network from its adjacent nodes. 

This information is used to determine the way each router 

forwards its traffic. When using distributed routing, there 

is no clearly defined BS in the network [5] 

 

In this paper, we present a solution that seeks to utilize 

idle or under-loaded nodes to reduce the effects of 

throughput. 

  

24 | Page  September 2014, Volume-1, Special Issue-1



III. PROBLEM MODELING  

 

In this section we first discuss about the EPS. End-to-End 

Multipath Packet Scatter. 

 

EPS successfully support the aggregate traffic (i.e. Avoid 

congestion), it will only scatter packets to a wider area 

Potentially amplifying the effects of congestion collapse 

due to its longer paths (a larger number of contending 

nodes lead to a larger probability of loss). In such cases a 

closed loop mechanism is required to regulate the source 

rates. EPS is applied at the endpoints of the flows, and 

regulates the number of paths the flow is scattered on and 

the rate corresponding to each path. The source requires 

constant feedback from the destination regarding network 

conditions, making this mechanism more expensive than 

its local counterpart. The idea behind EPS is to 

dynamically search and use free resources available in the 

network in order to avoid congestion. When the greedy 

path becomes congested, EPS starts sending packets on 

two additional side paths obtained with BGR, searching 

for free resources. 

 

To avoid disrupting other flows, the side paths perform 

more aggressive multiplicative rate decrease when 

congested.EPS dynamically adjusts to changing 

conditions and selects the best paths to send the packets 

without causing oscillations. The way we achieve this is 

by doing independent congestion control on each path. If 

the total available throughput on the three paths is larger 

than the sender’s packet rate, the shortest path is preferred 

(this means that edge paths will send at a rate smaller 

than their capacity). On the other hand, if the shortest 

path and one of the side paths are congested but one other 

side path has unused capacity, our algorithm will 

naturally send almost all the traffic on the latter path to 

increase throughput. 

 

IV. SYSTEM MODELING 

 

A. Congestion Signaling 

 

Choosing an appropriate closed loop feedback 

mechanism impacts the performance of EPS. Unlike 

WTCP[6] which monitors packet inter-arrival times or 

CODA[7] which does 100 local congestion measurements 

at the destination, we use a more accurate yet lightweight 

mechanism, similar to Explicit Congestion Notification 

[8]. Nodes set a congestion bit in each packet they 

forward when congestion is detected. In our 

implementation, the receiver sends state messages to the 

sender to indicate the state of the flow. State messages are 

triggered by the receipt of a predefined number of 

messages, as in CODA.The number of packets 

acknowledged by one feedback message is a parameter of 

the algorithm, which creates a tradeoff between high 

overhead and accurate congestion signaling (e.g., each 

packet is acknowledged) and less expensive but also less 

accurate signaling. The destination maintains two 

counters for each path of each incoming flow: packets 

counts the number of packets received on the path, while 

congested counts the number of packets that have been 

lost or received and have the congested bit set to 1. When 

packets reaches a threshold value (given by a parameter 

called messages_per_ack), the destination creates a 

feedback message and sends it to the source. The 

feedback is negative if at least half of the packets 

received by the destination have the congestion bit set, or 

positive otherwise. As suggested in the ECN paper[8]. 

This effectively implements a low pass filter to avoid 

signaling transient congestions, and has the positive effect 

that congestion will not be signaled if it can be quickly. 

 

B. RTT estimation 

 

When the sender starts the flow, it starts a timer equal to: 

messages_per_ack / packet rate + 2·hopcount·hop_time. 

 

We estimate hop count using the expected inter-node 

distance;hop_time is chosen as an upper bound for the 

time taken by a packet to travel one hop. Timer expiration 

is treated as negative feedback. A more accurate timer 

might be implemented by embedding timestamps in the 

packets (such as WTCP,TCP) but we avoid that due to 

energy efficiency considerations. However, most times 

the ECN mechanism should trigger the end-to-end 

mechanism, limiting the use of timeouts to the cases 

when acknowledgements are lost. 

 

A. Rate control  

 

When congestion persists even after the flow has been 

split at the source, we use congestion control (AIMD) on 

each individual path to alleviate congestion. When 

negative feedback is received, multiplicative decrease is 

performed on the corresponding path’s rate. We use 

differentiated multiplicative decrease that is more 

aggressive on exterior paths than on the greedy path, to 

increase energy efficiency; effectively, this prioritizes 

greedy traffic when competing with split traffic. Additive 

increase is uniform for all paths; when the aggregate rate 

of the paths exceeds the maximum rate, we favor the 

greedy path to increase energy efficiency. More 

specifically, if the additive increase is on the shortest 

(central) path, exterior paths are penalized proportionally 

to their sending rate; otherwise, the rate of side path is 

increased only up to the overall desired rate. 

 

D. Discussion 

 

EPS is suited for long lived flows and adapts to a wider 

range of traffic characteristics, relieving persistent or 

wide-spread congestion when it appears. The paths 

created by this technique are more symmetric and thus 

further away from each other, resulting in less-

interference. The mechanism requires each end-node 

maintain state information for its incoming and outgoing 

flows of packets, including number of paths, as well as 

spread angle and send rate for each path. The price of 

source splitting is represented by the periodic signaling 
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messages. If reliable message transfer is required, this 

cost is amortized as congestion information can be 

piggybacked in the acknowledgement messages. 

 

Pseudocode for a simplified version of EPS 
 

//For simplicity, we assume a single destination and three 
paths MaxPaths = 3;  
bias={ 0, 45o,-45o}; reduce_rate= {0.85, 0.7, 0.7}; 
//sender side pseudo code  
receive Feedback (int path, bool flowCongested) { if 

(!EPS_Split) //not already split  
if(flowCongested) splitSinglePath();  

else sendingRates[0]+=increase_rate; //additive 

increase  
else //we have already split the flow into 

multiple paths  
if(flowCongested)sendingRates[path]*= 

reduce_rate[path]; else { // no congestion, we 

increase the path 
sending rate  

if(path == 0) { // main path sendingRates[0] += 

increase_rate; //additive increase totalAvailableRate 

= sum(sendingRates);  
if(totalAvailRate > 1) {//we can transmit more 

than we want  
diff = 1 – totalAvailableRate; for(int i = 

1; i < MaxPaths; i++)  
sendingRates[i] – = diff*sendingRates[i]/ ( 

totalAvailableRate - sendingRates[0]); 
}  

}  
else sendingRates[path] += min(increase_rate, 1-

sum(sendingRates)) 
}  

}  
splitSinglePath(){  

for(int i = 0; i < MaxPaths; i++) sendingRates[i] = 1 / 

MaxPaths; 
EPS_Split = true;  

}  
sendPacketTimerFired(){  

path_choice = LotteryScheduling(sendingRates); Packet 
p = Buffer.getNext(); //orthogonal buffer policy  

p.split = EPS_Split; // if we split or not p.bias 
= bias[path_choice];  
next = chooseBGRNextHop(p); …//other 

variables sendLinkLayerPacket(next,p); 
}  
// receiver side pseudocode receive 

Packet(Packet p){ 
receivedPackets[p.source][p.path]++;  
if(p.congested)congestedPackets[p.source]  

[p.path]++; 

if(receivedPackets[p.source][p.path] > 
messagesPerAck) { boolean 

isCongested = congestedPackets  
[p.source][p.path] > 

packets[p.source][p.path]/2);  
sendFeedback(p.source, isCongested); 

…//reinitialize state variables 
} 

} 

 

When congestion is widespread and long-lived, splitting 

might make things worse since paths are longer and the 

entire network is already congested. However, as we 

show in the Evaluation section, this only happens when 

the individual flow throughput gets dramatically small 

(10% of the normal value) and when the costs of path 

splitting – in terms of loss in throughput – are 

insignificant. Also, if paths interfere severely, splitting 

traffic might make things worse due to media access 

collisions, as more nodes are transmitting. This is not to 

say that we can only use completely non-interfering 

paths. In fact, as we show in Section our approach 

exploits the tradeoff between contention (when nodes 

hear each other and contend for media) and interference 

nodes do not hear each other but their packets collide) 

throughput is more affected by high contention than by 

interference. 

 

V.  IMPLEMENTATION 

 

In this section we present simulation results obtained 

through ns2 simulations [9]. We use two main metrics for 

our measurements: throughput increase and fairness 

among flows. We ran tests on a network of 400 nodes, 

distributed uniformly on a grid in a square area of 6000m 

x 6000m. We assume events occur uniformly at random 

in the geographical area; the node closest to the event 

triggers a communication burst to a uniformly selected 

destination. To emulate this model we select a set of 

random source-destination pairs and run 20-second 

synchronous communications among all pairs. The data 

we present is averaged over hundreds of such iterations. 

The parameters are summarized in Table 1.An important 

parameter of our solution is the number of paths a flow 

should be split into and their corresponding biases. 

Simulation measurements show that the number of no 

interfering paths between a source and a destination is 

usually quite small (more paths would only make sense 

on very large networks). Therefore we choose to split a 

flow exactly once into 3 sub-flows if congestion is 

detected. We prefer this to splitting in two flows for 

energy efficiency considerations (the cheaper, greedy 

path is also used). We have experimentally chosen the 

biases to be +/-45 degrees for EPS. 
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TABLE 1. SUMMARY OF PARAMETERS 

 

Parameter Value Parameter Value 
    

Number of 

Nodes 
 Link Layer  

 400 
Transmission 

Rate 
2Mbps 

    

Area size 6000m x   

 6000m RTS0CTS No 

    

  Retransmission  

MAC 802.11 Count(ARQ) 4 

    

Radio Range 250m Interface queue 4 

    

Contention 

Range 
   

 550m Packet size 100B 

    

Average Node  
Packet of 

frequency 
80/s 

Degree 8   

    

 

 
Figure 1 Throughput vs Transmission 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Received vs Transmission 

 

VI. RESULTS 

 

As expected, our solution works well for flows where the 

distance between the source and the destination is large 

enough to allow the use of non-interfering multiple paths. 

The EPS combination increases long-range flow 

throughputs with around 70% as compared to single path 

transmission (both with and without AIMD). For short-

range flows, where multiple paths cannot be used, the 

throughput obtained by our solution is smaller with at 

most 14%, as the short-range flows interfere with split 

flows of long-range communications. However,by 

increasing long-range flows’ throughput we improve 

fairness among the different flows achieving a lower 

throughput variance across flows with different lengths 

by 35% compared to a single path with AIMD. Moreover, 

the overall throughput is increased with around 10% for a 

moderate level of load (e.g. 3-6 concurrent 

transmissions).Finally, we show that our algorithm EPS 

does not increase the number of losses compared to 

AIMD. 
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A.  Throughput and Transmission 

 

Fig. 1 presents how the number of transmissions in the 

network affects the average flow throughput. Throughput 

drastically decreases as the network becomes congested 

regardless of the mechanism used. For moderate number 

of transmissions (3-5) the combination EPS increases the 

overall throughput by around 10%.However, it is not 

using rate control and a lot of the sent packets are lost, 

leading to inefficiency. 

 

B.Impact of factor rate 

 

Fig. 2a shows that the combination EPS has a similar 

packet loss rate to “AIMD”. 

 

Fig. 2b displays the overall throughput for different 

transmission rates. As we can see the throughput flattens 

as congestion builds in the network but the (small) overall 

increase remains approximately steady. 

 

C.Received and Transmission 

 

Fig. 3 shows this is also true when the transmission rate 

varies. This is important on two counts: first, for energy 

efficiency reasons, and second, to implement reliable 

transmission. 

 

VII. CONCLUSION 

 

In this paper, we have presented a solution that increases 

fairness and throughput in dense wireless networks. Our 

solution achieves its goals by using multipath geographic 

routing to find available resources in the network. 

 

EPS (end-to-end packet scatter), that split a flow into 

multiple paths when it is experiencing congestion. EPS is 

activated. EPS performs rate control to minimize losses 

while maintaining high throughput. It uses a less 

aggressive congestion response for the non-greedy paths 

to gracefully capture resources available in the network. 

 

REFERENCES 

 

[1]. Murali Prasad, Dr.P. Satish Kumar “An Adaptive 

Power Efficient Packet Scheduling Algorithm for 

Wimax Networks” (IJCSIS) International Journal of 

Computer Science and Information Security, Vol. 8, 

No. 1, April 2010.  

 

[2]. Adlen Ksentini “IPv6 over IEEE 802.16 (WiMAX) 

networks: Facts and challenges” Journal of 

Communications, Vol. 3, No. 3, July 2008. 

 

[3]. Jianhua Hey, Xiaoming Fuz, Jie Xiangx, Yan Zhangx, 

Zuoyin Tang “Routing and Scheduling for WiMAX 

Mesh Networks” in WiMAX Network Planning and 

Optimization, edited by Y. Zhang, CRC Press, USA, 

2009.  

 

[4]. Vinod Sharma, A. Anil Kumar, S. R. Sandeep, M. 

Siddhartha Sankaran “Providing QoS to Real and 

Data Applications in WiMAX Mesh Networks” In 

Proc. WCNC, 2008.  

 

[5]. Yaaqob A.A. Qassem, A. Al-Hemyari, Chee Kyun 

Ng, N.K. Noordin and M.F.A. Rasid “Review of 

Network Routing in IEEE 802.16 WiMAX Mesh 

Networks”, Australian Journal of Basic and Applied 

Sciences, 3(4): 3980-3996, 2009.  

 

[6]. Sinha P. Nandagopal T., Venkitaraman N., 

Sivakumar R., Bhargavan V., "A Reliable Transport 

Protocol for Wireless Wide-Area Networks.", in 

Proc. of Mobihoc, 2003.  

 

[7]. Wan C.Y. Eisenman S.B., Campbell A.T., "CODA: 

Congestion Detection and Avoidance in Sensor 

Networks," in Proc. of SenSys, 2003.  

 

[8]. Ramakrishnan K.K. Jain R., "A Binary Feedback 

Scheme for Congestion Avoidance in Computer 

Networks," in Transactions on Computer Systems, 

vol. 8, 1990.  

 

[9]. NS2 simulator, http://www.isi.edu/nsnam/ns/.  

 

28 | Page  September 2014, Volume-1, Special Issue-1




