
International Journal of Computer Science and Telecommunications [Volume 7, Issue 3, March 2016]                                     18 

Journal Homepage: www.ijcst.org 

 
 

Chaya Devi R.,
1
 and T. G. Basavaraju

2 

1
Department of CSE, Govt. SKSJTI, Bangalore, India 

2
Computer Science and Engineering Department, Govt. SKSTI, Bangalore, India 

 

 

 

 
Abstract—Due to rapid growth of the wireless based 

application services is increasing the demand for wireless 

communication techniques that use bandwidth more efficiently. 

WMNs have been adopted as back haul to connect various 

networks such as Wi-Fi, WiMax etc to the Internet. Wireless 

mesh networks are multihop networks, self organized networks 

which can provide last mile connectivity, high transfer speed, 

and cover large area with low deployment cost. The existing 

systems proposed so far suffer in utilizing the channel efficiently 

and induce high collision due to mobility. To address this in this 

work, the author propose the cross layer based mobility aware 

transmission optimization technique by designing a routing 

strategy which considers the link quality parameters from 

various layers and use some of these parameters to reduce 

packet loss and throughput and to improve the QoS parameters 

of the network. The experimental result obtained shows that the 

proposed approach improves the throughput efficiency 

considering mobility to existing approaches. 
 

Index Terms—Wireless Network, TDMA, Network Layer,   

Radio Channel Measurement and Scheduling 
 

I. INTRODUCTION 

current era wireless network gain much attention; 

research is ongoing day-by-day to improve more and 

more wireless technologies. WMN a part of this 

technologies growth. The IEEE 802.11s MAC is the standard 

for mesh communication in Wi-Fi network. WMN  has a 

quality of dynamically self-organized and it can self-configure 

which make it more popular than other wireless network.  

Multi-hop transmission is one more characteristic of WMN. A 

wireless Mesh network is very attractive area for researchers 

in current time due to its flexibility. WMN has flexible 

infrastructure, it provide end to end communication between 

the nodes which is far away. WMN has improved from one 

hop to multi-hop connectivity between the communications 

ends. High service availability is provided by the WMN 

through multiple route, if one point or one route is dead or fail 

to communicate in that case other route is available.  High 

demand of this WMN due to its flexible architecture to 

support this many mesh standards are given [1]-[3]. 

In upcoming wireless technologies mesh network play a 

very important role it has new generation of wireless 

architecture. Mesh client and mesh router is two important 

parts of Wireless mesh networks. User can interact with 

wireless mesh multistep Internet through mesh router, which 

is connected to the wired network. IEEE 802.11a/ b/g/n 

standard for wireless network mesh network can be based on 

any of the standard.  Mesh network also has many restriction 

or issues in terms of number of user in specific location, 

movement or speed, transmission rate for a given QOS, data 

packet retransmission etc. using only above standard is some 

time seems like inefficient, and it require some alternative or 

some changes, for particular task [5]. Large community of 

user needs large bandwidth better QoS, wireless mesh 

networks (WMNs) are hope emerging technologies which 

give a hope to researcher to full feel the need of people. 

WMNs has capability to scale their capacity, WMNs has 

multi-channel, multi-radio capability. WMNs consist of three 

things stationary or mobile nodes, Mesh routers, Internet 

Gateway (IGW). 

Using WMN IEEE 802.11S standard for wireless 

communications traffic has the following issue the need to be 

addressed as in [4], [23], [24] such as Distance: it is used for 

communications over short distances of several hundred 

meters. Together with this limitation there is a necessity in a 

large number of access points/roadside stations (remote 

control) to cover the entire route. Usually it transmits a 

plurality of control frames and messages for the association 

and/or network authentication before transmitting useful 

information. Handover is also difficult to implement due to 

the high speed of wireless mobile devices in network, where 

the handoff occurs very frequently between the remote control 

for the entire route. Difficulties in predicting the amount of 

traffic generated by nodes, hence the total system capacity. 

The wireless channel is stochastic and time-varying according 

to different parameters. Speed of mobile devices. Physical and 

transport levels of WMN  developed for fixed stations, where 

high speed can lead to large and rapid changes in channel 

conditions, which in turn increases the probability of frame 

error (FER). This occurrence is due to the Rayleigh fading 

channel [12]. When designing a Mesh network appear the 
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following difficulties such as it is difficult to predict the 

number of subscribers on the network at different intervals. 

WMNs has dynamically self-configurable in nature, as per 

need WMNs changes their approach.  Mesh router are 

connected through wireless link and it generally static in 

nature. Stationary or mobile node access internet through 

IGW, which is act as central point for these nodes in mesh 

network. Most of mobile or stationary node request of 

accessing internet is directed to the Gateway node which may 

lead to the congestion in network. Large number of user 

presence in WMNs  increases the chances of network 

congestion. Providing QoS in transmission of multimedia in 

WMNs  has an issue because high interference in radio in 

mesh network. To provide better QoS researchers are working 

on it for fine grain transmission in multimedia. Selection of 

path for transmission of data and rate adaption is very 

important for QoS. 

Routing metric is a process of creation of routing table or 

routing decision by which transmission of data path is 

selected.  Routing metrics create route table by capturing the 

network quality, it also takes the various parameter from 

network and MAC  layer which helps to estimate a better 

path. Cross layer approach is used to exchange the parameter 

between various layers. Various cross layer approaches are 

purposed in literature such as Expected transmission time 

(ETT) [17], Expected Transmission count etc. Here author 

approach to overcome the drawback of these routing metric 

by considering the delay and using single interference.  

Network interference is used by cross-layer approach in MAC  

layer. At network layer delay and interference is computed. 

Rate of data transmission is plays a very important role in 

estimation of link quality in mesh network. So the author 

extends their work by choosing rate adaption parameter in 

routing metric.  Packet loss or Signal to noise ratio (SNR) is 

generally used for computation of rate adaption. 

Traditional WMNs support constant-bit-rate connections 

for simple voice service. Under these circumstances, fixed 

bandwidth or data rate allocation structures such as TDMA, 

CSMA/CD [21] and FDMA have been effectively used to 

multiplex multiple users’ scenario while providing protection 

from multiuser interference however for future scenario these 

techniques should support a high throughput multimedia 

based application service. In [11] wireless mesh network high 

throughput need a TDMA  based approach.TDMA support 

multichannel transmission, schedule dissemination and 

routing integration. TDMA based on routing metrics and 

stability of routing metrics. Experiment shows that it controls 

the network overhead and it not affected by external 

interference. It is not useful for large network. In [10] TDMA  

each frame is associated with some slot, and non –conflicting 

link is transmitted through these slots. Iterative procedure is 

used to find the nearest feasible schedule by exchanging the 

link information between nodes. 

Author raise the following points like what is best routing 

path, traffic demands, placement of wireless node, network 

scheduling and capacity assignment for network which can 

reduce the delay of packet transmission in the network. To 

overcome or find the answer of these question we design a 

cross-layer optimization model, it involves  MAC, network 

and physical layer.  Our designed model is useful for capacity 

management, take routing decision and scheduling. Poisson 

process is used for packet arrival process in data transmission. 

TDMA system [6] is used for result of average packet delay, 

it allow the multiple slot assignment in a network which is 

useful to determine the delay in network. In this paper also 

considering the interference effect in wireless network for 

scheduling constraints into the model. 

 It is obvious that such static rate implementation will be 

unable to adapt to time varying wireless link conditions [7]. 

The proposed novel cross-layer adaptation MAC scheme is 

expected to take full advantage of network friendly optimized 

rate implementation, considering OFDMA to handle 

frequency selective fading and provide enhanced transmission 

performance considering mobility for WMNs. 

The paper organization is as follows: The literature survey 

is presented in section two. The proposed models are 

presented in Section two. The results and the experimental 

study are presented in the section three. The concluding 

remark is discussed in the last section. 

II. LITERATURE SURVEY 

There are several scheduling approaches that have adopted 

MAC basedslot selection for use with multi-hop networks, 

including WMNs  and ad-hoc networks has been developed in 

recent times in order to reduce the collision and latency and 

provide QoS  to its end user which are surveyed below. 

  MAC  provides the actual benefit of mesh network. MAC  

layer protocol by default chooses the minimum available 

transmission rate and it does not protect from error.  Mesh 

network based on CSMA/CA  MAC  protocol which has 

single hop transmission characteristics, cannot provide the 

quality of service for the application which is streaming in 

real time like skype based multimedia services, etc. 

CSMA/CA  has some limitation due to which we need 

develop a new MAC  protocol which gives better throughput, 

capacity and reduce delay. To achieve better QoS it is needed 

to use the Time division multiple access (TDMA) based 

approach in MAC  layer. Total channel (frequency channel or 

single band) is split into time-frame slot in TDMA  

scheduling and assignment of transmitting slot to the node is 

done. Power drop, collision, data overhead is prevented by 

every time slot [13].  TDMA with distributed approach 

consist of two different methodologies. In first approach 

nearest feasible schedule is used to analyze the global feasible 

schedule and it inform the availability of a new schedule to 

the entire node. In second approach it based on Bellman ford 

algorithm [10], each node find a nearest feasible link, which 

are taken from two-hop routing information updated by 

neighbor node.  

Number of MAC -layer multicast mechanism was proposed 

for WMN to overcome the inefficiency of the network. Hop-

by-hop recovery on loss of packet is provided by researchers 

in various ways. Here [14] author gives the analysis of 

maximized output for a wireless mesh network over 

CSMA/CA in MAC layer protocol. Random access is not 

accounted in CSMA due to which collision overhead is 

increased. New development for optimal capacity analysis of 

network done in CSMA/CA  with multi commodity flow 
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(MCF), author analyze throughput based on upper and lower 

bound of the network capacity over CSMA/CA. the drawback 

of CSMA/CA  is that it is not suitable for real time data 

transfer like video calling. In [15] if physical rate is increases 

efficiency of the MAC  layer is decreases. More efficient 

MAC layer protocol in terms of scalability still has issues. 

Proposed scheme by author is MAC  protocol based on dual 

channel token called (DT – MAC). This protocol is suitable 

for large number of user in terms of scalability and efficiency. 

Token management is extra overhead for network and it is not 

suitable for upper layer. 

It is understood that in the setting of WMNs, an arbitrary 

access based MAC convention, for example, CSMA/CA 

cannot give QoS to applications, for example, streaming of 

real-time multimedia content [16]. A TDMA -based 

methodology is important for low jitter and delay and to 

achieve good throughput. 

In [11] wireless mesh network high throughput need a 

TDMA  based approach. TDMA  support multichannel 

transmission, schedule dissemination and routing integration. 

TDMA  is based on routing metrics and stability of routing 

metrics. Experiment shows that it controls the network 

overhead and it not affected by external interference. It is not 

useful for large network. In [10] TDMA each frame is 

associated with some slot, and non –conflicting link is 

transmitted through these slots. Iterative procedure is used to 

find the nearest feasible schedule by exchanging the link 

information between nodes. Another part is work on wave 

based termination which is used to detect the scheduled 

nearest node and if any new node is scheduled which is 

activated. Spatial – TDMA [18] used for reduced the energy 

consumption and improve the throughput author formulate 

offline energy –throughput by the tradeoff curve. Physical 

interference involved where node used for controlling the 

power. Author work is based on single channel or single 

node; it is not feasible for multi-channel or multiple node 

scenarios. 

Here [17] author works for high throughput and reliable 

mesh network in multi-hop transmission. Reduce network 

bandwidth in multicast tree. Author presents a distributed and 

centralized algorithm for tackle the problem of multicasting. 

Obtained result from expected multicast transmission count 

(EMTX) method, shows the effectiveness it reduces the 

number of hop-by-hop transmission per packet, but it not 

considerable for real life or realistic scenario. 

In [11] here they presented an application of LiT – MAC   

that adopted a transmission based on multi-hop TDMA MAC  

by adopting Wi-Fi  platforms. The conducted their evaluation 

by means of application level performance as well as micro 

benchmarks for both indoor and outdoor scenarios. They also 

presented an integration of their proposed work with 

numerous routing metrics and evaluated and compared with 

ROMA [19] and SLIQ [20]. There outcomes shows that the 

slot time of TDMA  is as low as 2ms and has better time 

synchronization through varied hops thus reducing the control 

overhead of network. The conducted simulation sturdy for 

over several days and used 9 devices by considering the 

outdoor scenario and the result shows that their proposed 

approach is robust even in the occurrence of external 

interference but drawback of this approach is they did not 

consider special reuse due to this it underutilize to enhance 

the network capacity of WMNs. 

In [10] proposed a pairwise synchronization methodology 

which is alike a  LiT – MAC, and this methodology estimate 

the clock difference among corresponding device by 

considering propagation delay among the devices. It makes 

utilization of a guard band to represent handling delays 

experienced while data transmission, and keeps out 

estimations to exactly descant the estimation of the guard 

band. In view of the estimations completed on an indoor 

scenario, it reports synchronization exactness of the request of 

microseconds at three hops. 

It is seen from literature that the existing mobility based 

MAC scheduling methodology for mesh network suffers from 

high collision due to mobility and improper utilization of 

channel slots. The proposed model is one effective technique 

that helps in utilizing the channel slot efficiently. To 

overcome the short coming here the author propose an 

efficient cross layer based sub-channel selection to improve 

the QoS  of mobility aware WMNs  by reducing collision thus 

improving the throughput efficiency. 

III. LIST  OF SYMBOLS USED 

 
Table 1: Partial List of Symbol Used 

 

Notation  Description 

  Group of the devices 

  Mesh Point 

  Collision devices 

      Decision Groups 

   Decision for collision 

      Transmitted data by device   

  
  Power of transmitted data 

symbols 

      Channel Noise 

       Rayleigh Distribution 

       TDMA Channel Coefficient 

      Transmitted signal by source 

device 

    Pseudo inverse of channel 

coefficient 

   Mean packet 

   Collided Packet 

   Mean Likelihood 

 

 

IV. PROPOSED  MODEL   

Here the author adopts a TDMA based channel for wireless 

mesh network where a group of devices i.e.,              

and communicates with the mesh point (MP) i.e.  and 

    and also considers that the devices operates with full 

duplex mode and are fortified with multi radio. The author 
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also considers that it requires one slot time per data or packet 

transmission and all packet that are transmitted have same 

length. In order to get packet loss due to improper 

transmission here the author consider infinite buffer for each 

user. 

To optimize the transmission strategy for packet collision 

avoidance here the author considers that at  slotlet   devices 

collides. When the occurrence of packet collision arises the 

   then predicts the collision in order to obtain the number 

of active devices and the collision order and through control 

channel it notifies its decisions to all its devices in the mesh 

network. 

Now the author consider that let       represent decision of 

group of active device      and Let    represent the decision 

of collision order of  .  The system enters the optimization 

transmission stage       in order to get the collided signal 

and the     length is obtained as    -1 which are fixed. 

Now let consider in a period of slot               

one device arbitrarily chosen as a non- regenerative 

intermediate device and retransmit its collision period slot 

signal.The     is stopped or terminated after the slot      
 . In the proposed scheme let consider the data transmitted by 

device   is represented as: 

 

                              
 

that has   number of signal queues and the obtained signal 

queues power is   
 . Therefore the signal obtained by all the 

idle devices and by the destination devices is obtained by 

following equation 

 

                        

      

  

                                                                (1) 

 

 

Where             and        represent the      

channel coefficient among     source devices and     

receiving devices,       represent the collection of idle 

devices,                represent the collection of source 

collides and      represent the communication channel noise.  

Here the author consider a mobility based wireless mesh 

network, since these devices are wireless in nature they are 

prone to noisy nature of wireless medium which affects the 

data transmission and handover efficiency. To overcome this 

here the author adopt Rayleigh fast fading channel for 

communication among devices and it is represented by 

following equation 

                                                                   (2) 

Where        is the Rayleigh distribution considering the 

variance    
 ,        is evenly distributed in        and they 

are identical and uncorrelated considering the Gaussian 

variance and the signal strength received by the receiver 

devices in the period of slot     is denoted by following 

equation 

                                    

                                                                       (3) 

Where        represent the      channel coefficient among 

    intermediate devices and the correspondent devices, 

       represent the signal scaling constant,         

represent the noise parameter of channel and      
              represent the collection of intermediate devices. 

If an intermediate device selected is other than the source 

i.e.if       , 

                          
    

     
         (4) 

If        then 

                                    (5) 

Here considering the equation (4) and (5) the collection of 

active devices and collision order can be established. For the 

case let      and           represent the signal obtained 

by corresponding devices in overall slots which can be 

represented by following equation 

     
       

            
                   (6) 

Where             which represent the signal transmitted 

by source devices which is obtained by following equation  

      
        

          
     

 
          (7) 

The signal obtained by the corresponding node can be 

obtained by the following matrix 

                      (8) 

Where   represents the matrix of noise,   represent the 

matrix of channel coefficient among source devices and 

corresponding device and the original packet are recovered by 

following matrix equation 

                       (9) 

Where     represent the pseudoinverse of  . 

Here the authors consider throughput achieved per slot and 

packet loss likelihood as its performance metric. Now let 

evaluate the likelihood of packet loss considering a setup that 

each incorrect decision by    will results in the loss of all 

packet that are involved in the    , Let   represent the mean 

packet that are lost, Likelihood of packet loss (   ) is 

represented as follows: 

    
  

 
                (10) 

The mean packet collided is represented as follows: 

                  
          (11) 

The mean number of packet loss likelihood is obtained by 

following equation by considering   is equal to 1 and    is 

equal to 0.   
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                                                (12) 

Now the author consider to evaluate the likelihood of 

throughput achieved per channel slot, let   represent the 

mean length of    ,   represent the mean packets recovered 

positively therefore the throughput achieved ( ) is evaluated 

as follows 

  
 

 
                (13) 

So the sum of packet recovered is influenced by decision 

making by the   , noise parameter and network transmission 

channel condition. Therefore it is an difficult task to predict 

sum of packet recovered, so here the author evaluate the 

likelihood of throughput at the collision slot to evaluate the 

network performance of    . Let considering    as the mean 

likelihood packet recoverable which is represented as follows 

   
  

 
 

                        (14) 

Now the    represent the likelihood of devices buffer is 

been vacant or null at the commencement of    . The 

likelihood of   devices collides at collision slot is evaluated 

by binomial expression which is shown below 

      
 

 
                                          

                                                                                  (15) 

The likelihood of negative prediction considering Rayleigh 

fading channel is represented as follows: 

    
 

  
 
        

             
   

 

 

 

                                                                                (16) 

Now to predict the likelihood of    is represented as follows: 

    
 

  
    

 
          

    
   

 

 

    

                      
    

    

                                                        (17) 

The likelihood of     source are lost in prediction and   

idle devices have done negative prediction which is 

formulated by following equation: 

           
 

 
                 

 
   

 
                  

              

                                                        (18) 

     Is the congruently obtained collision order   . Therefor 

the     length is equated as follows: 

        

  
                       

         
  

                      (19)  

                                                            

The mean length of     when   source collides is 

represented as follows 

                         

   

   

 

   

            

                  

                                                                              (20) 

The mean     length is represented by following equation  

             

 

   

                   
                          

                                                                               (21) 

To evaluate    the author consider that likelihood of correct 

detection by   . That is the exact prediction of active device 

    and no idle device are negatively predicted    , 

which is represented as follows 

            
           

                                                            (22) 

Only   packets can be obtained precisely for a 

particular    . The mean likelihood recoverable packet is 

obtained by following equation 

                                          
   

                                                               (23) 

The    is evaluated considering when    ,       and 

      (signal to noise ratio) 

Therefore the                           

   
     

 
                        (24) 

Based on the evaluation of equation (14) and (24) the 

likelihood of packet loss and throughput is estimated and 

based these transmission is optimized to retransmit the 

collided packet.  In the next section the simulation outcome of 

proposed method is evaluated with existing methodology. 

V. SIMULATION RESULT AND ANNALYSIS 

The system environment used is windows 7 enterprises 64-

bit operating system with 8GB of RAM. We have used 

MATLAB tool. We have conducted simulation study on 

throughput considering mobility speed and varied number of 

user and compared our proposed model with existing 

algorithm [22] which adopted       channel width 

adaptation by adopting a greedy approach and conducted 

simulation study. 
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The simulation parameter for channel generation is shown 

in below Table 2. 

Table 2: Simulation parameter for channel generation 
 

Parameter                                   Value 

Speed of nodes                           1-5ms   

Doppler frequency                     2.4 GHz 

Data rate                                     312500 bps 

Total number of user                  32 

Packet length                             80,000 bytes 

 

The simulation parameter for throughput analysis is shown 

in below Table 3. 

Table 3: Simulation parameter for throughput analysis 

Parameter                                   Value 

Number of sub-channel               4 

Simulation slot                            500 

Number of user                           10,20,30 

Simulation range                         10  

Monte-Carlo iteration                  1 

 
In Fig. 2 the throughput performance is evaluated and 

computed for varied mobility speed of users for with control 

sub frames fixed to 20ms.  As the mobility speed of user 

increases the throughput of proposed method decreases. In 

Fig. 3 we can see the average throughput achieved is high 

when mobility speed is 1ms and the through put achieved is 

low when mobility speed is 4ms. 

In Fig. 4 the throughput performance for different sub 

channel is evaluated and computed for varied users with 

control sub frames fixed to 20ms.  As the user increases the 

throughput of proposed method decreases for all sub channels 

except sub channel 4. In Fig. 5 we can see the average 

throughput achieved for varied user. 
 

 
 

Fig.  2.  Throughput achieved per channel considering varied mobility speed 
 

 
 
Fig. 3.  Average Throughput achieved considering varied mobility speed 

 

 

 
 

Fig. 4.   Throughput achieved considering varied number of user 

 

 

 
 

 

Fig. 5.  Average Throughput achieved considering varied number of user 
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Fig. 6.  Speed and delay performance for varied speed 

 

Fig. 6 shows the performance of proposed model in terms 

of Average delay and speed. In this simulation study speed 

variation is considered as 2, 3, 4 and 5 and with respect to the 

speed variation average delay is computed for 10 users, 20 

users and 30 users. This can be concluded from the figure that 

when speed and number of users increases, overall delay also 

increases. 

 

 
 

Fig. 7.  Speed and throughput performance for varied speed 

 

Similarly we perform the throughput computation by 

considering the same scenario of the user and speed. Results 

of this are depicted in Fig. 7. In this case the average 

throughput by considering 10 users, 20 users and 30 users is 

achieved 1.19, 1.23 and 1.28 respectively. It can be concluded 

from the above figure that when the number of users are 

increasing, throughput also increasing by using proposed 

approach. 

VI. CONCLUSION 

WMNs have been adopted as back haul to connect various 

networks such as              etc. to the internet. 

Wireless mesh networks (    ) are multihop systems 

which can develop the scope of remote systems, with the 

benefits of fast and easy deployment, high transfer speed, 

simple establishment and upkeep, low front expense. The 

existing systems presented so far suffer from high collision 

and delay in data transmission due to improper mobility 

awareness scheduling and suffer to cater     to its end user. 

The paper presents a model that help in the design of 

     that meets the     necessities of the end user. Here 

in this work we have presented a model that improves the 

throughput performance in      due to the adopted 

mobility based cross layer optimization technique which 

consider data load density and radio signal strength based on 

which bandwidth are estimated and relay selection is done. 

The experimental result shows the impact of proposed model 

on throughput efficiency when compared to existing greedy 

model. In future we would consider developing a threshold 

selection methodology for better usage of channel. 
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