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Abstract—In this paper, we consider CCL-N (Cooperative Cross 

Layer Network) topology based on the cross layer (both centralized 
and distributed) environment to form network communities. Various 
performance metrics related to the IEEE 802.16 networks are 
discussed to design CCL-N Topology. In CCL-N topology, nodes are 
classified as master nodes (Master Base Station [MBS]) and serving 
nodes (Relay Station [RS]). Nodes communities are organized based 
on the networking terminologies. Based on CCL-N Topology, 
various simulation analyses for both transparent and non-transparent 
relays are tabulated and throughput efficiency is calculated. Weighted 
load balancing problem plays a challenging role in IEEE 802.16 
network. CoTS (Concurrent Transmission Scheduling) Scheme is 
formulated in terms of three aspects – transmission mechanism based 
on identical communities, different communities and identical node 
communities. CoTS scheme helps in identifying the weighted load 
balancing problem. Based on the analytical results, modularity value 
is inversely proportional to that of the error value. The modularity 
value plays a key role in solving the CoTS problem based on hop 
count. The transmission mechanism for identical node community 
has no impact since modularity value is same for all the network 
groups. In this paper three aspects of communities based on the 
modularity value which helps in solving the problem of weighted 
load balancing and CoTS are discussed.  

 
Keywords—Cross layer network topology, concurrent 

scheduling, modularity value, network communities and weighted 
load balancing.  

I. INTRODUCTION 

F late, IEEE 802.16 standard has been developing 
drastically in wireless network. Several research studies 

[1]-[4] are carried out in the field of networking related to 
broadband wireless networks. The main studies are focused on 
the technological perspective to develop an efficient 
networking mechanism. It provides efficient user satisfaction 
based on high data rate and error free information exchange. 
Based on the recent research focus on IEEE 802.16 WiMAX 
(Worldwide interoperability for Microwave Access) in Fig. 1, 
[1] discusses the interference analysis in mesh network. The 
authors direct the future work towards the design of network 
problem discovery and topology update mechanism. Basically, 
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broadband wireless networks classify the network topologies 
into two types, Point to MultiPoint (PMP) and Mesh network 
topologies [2]. In PMP, a single node acts as the central node 
through which all data transmission exchange occurs and PMP 
acts as a tree classification structure. In Mesh network, multi-
hop communication concept is deployed in which intermediate 
node between the source and destination act as a relay to 
provide data exchange without data loss. Basic comparisons of 
PMP and mesh topology based on the network coverage are 
clearly explained in [2].    

Based on the multi-hop communication concept, PMP 
topology is overcome by mesh topology. References [3] and 
[4] discuss the survey on mesh networks in broadband 
wireless networks. In IEEE 802.16 network, QoS, scheduling 
and security operations are performed based on the network 
topology in which scheduling plays a vital role to transmit 
packets from source to destination. 

Interference aware algorithm [2] helps in improving the 
transmission path and capacity gain. The new interference 
aware algorithm focuses on the RS location planning in IEEE 
802.16 MMR network. The process like transparent mode, 
path selection, cell throughput and planning algorithms are 
discussed. During the path selection process, link efficiency 
between the nodes are measured based on the weight of the 
particular node. Time slot allocation algorithm [5] is based on 
the hop count in IEEE 802.16j relay multi-hop network. In 
IEEE 802.16j, downlink and uplink are considered based on 
the link weight and time slot assignment calculation is based 
on the average link weight and number of relay nodes.  

Proposed CL-N topology has three phases: master network 
selection, network grouping and formation, and distributed 
master connection. Group splitting concept is same as macro/ 
micro concept in which the large problem can be split into 
sub-problems. It is same as the large network is split into more 
number of smaller networks and it is easy to improve the 
overall network performance. First, we select MBS based on 
various performance metrics like node degree, transmission 
range, BS Node lifetime and fuzzy membership function. 
Second, various MBSs are classified as groups which contain 
serving RS based on Min/Max hop count. Third, MBSs are 
connected based on the distributed environment. Based on 
this, three network phases as listed above include fuzzy 
membership function parameter which helps in reducing 
network interference based on the network fragmentation 
index in large network area. Reference [6] uses the concept of 
Cluster Head Relay (CHR) station concept through DSRC 
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III. COOPERATIVE CROSS-LAYER NETWORK (CCL-N) 

TOPOLOGY 

Several existing algorithms based on cooperative network 
topology are discussed in [9]. It consists of three phases, 
A. Master network selection  
B. Network grouping and formation 
C. Distributed master connection  

Mainly, network deals with creating topology based on 
multi hop concept in wide-area environment. In the first phase, 
selection of master node is based on the several performance 
terminologies. First the nodes are reordered in a table to select 
the MBS based on metrics values. In the second phase, each 
MBS forms network group which contains several RS using 
both group splitting and multi hop concept with interfering 
index. Interference index reduces the packet loss and delay 
time. In the third phase, MBS are connected distributively to 
improve the network performance and avoid several other 
problems related to it.  

A. Master Network Selection 

Let us consider various numbers of nodes in a densely 
populated area that are interconnected based on the mesh 
structure environment. Nodes are classified as a coverage 
transmitter MBS and RS based on several networking 
parameters such as distance between the two stations (D) and 
transmission range (Tx). 

In this topology, a node has several performance metrics to 
select the MBS from the multiple nodes in the network. The 
performance metrics are,   

a. Grade Value (Gv) 

The Grade value is to rank the performance level of a node 
based on the integration of Node degree (NFD) and 
Interference value (ISV).  

b. Node degree (FDx) 

௫ሺ݊ሻܦܨ ൌ 	 ቄ∑
ൣ஽൫ூሺ௡ሻ൯൧

்ೣ௜,௡	Є ቅ ∗ 	μ஺ሺݔሻ            (4) 

 
Using (5), let us consider D(i(n)) 	ܦሾ	ܫሺ݊, ܽሻ ൅ ,ሺ݊ܫ	 ܾሻ ൅

,ሺ݊ܫ	 ܿሻሿ. D(i(n)) represents sum of the interference value of 
connected neighboring nodes of ‘i’ and it is denoted in (5). 
Fuzzy membership function and Transmission range are 
discussed in Section II.            

      
 ∑ ሺ݊ሻ൯൧ܫ൫ܦൣ ൌ 	∑ ,ሺ݊ܫሾܦ ܽሻ ൅ ,ሺ݊ܫ ܾሻ ൅ ,ሺ݊ܫ ܿሻሿ௜,௡Єே௜,௡Є	ே   (5) 

 
where, I (n,a) represents the number of nodes connected to 
node ‘a’ using hop count.  

Based on the existing research in various fields like, ad hoc 
networks, sensor networks, etc. Reference [10] discusses 
about the proposed design of Connected Dominating Set 
(CDS) protocol for both single initiator and multi initiator in 
ad hoc networks. While considering the initiator phase, 
numbers of nodes are based on the minimum hop count in 
distributive environment. 

 
 

c. Interference Sum Value (ISV) 

Interference value can be calculated based on the 
combination of edges and links of the neighboring nodes 
connected to the node ‘i'. Debalina Ghosh et al. [11] discuss 
about the challenges of multiple link interference related to 
scheduling and QoS in WiMAX network. Heuristics algorithm 
based on centralized scheduling with NP-Complete problem is 
proposed. Interference can be reduced by selecting non-
interfering links at time ‘t’ to guarantee bandwidth and delay.  
Interference sum value (ISV) is calculated as,  
 

	ௌ௏ܫ ൌ 	ට∑ ݉ே
௜ୀ଴                (6)                   

 
where m  Summation of interference value with connected 
neighboring nodes of node ‘i’.  

Based on the performance metrics, each individual node 
table is created and reordered in terms of high order priority 
and represented in Table II. Fig. 2 explains the algorithm for 
master selection MBS. In this algorithm, pre header selection 
is calculated for each node in a network. Based on the 
performance metrics values, ‘Masters’ are elected and 
reordered in a table based on the Timer ‘ti’. Master nodes are 
checked periodically based on the updated table of MBS [12].  

Based on the performance metrics in Section III, values are 
calculated for the individual nodes and represented in Table II.  

 
TABLE II 

COMPARISON BETWEEN TRANSPARENT AND NON TRANSPARENT RELAY 

MODE [14] 

 Without RS 
With RS 

Transparent Non-Transparent 
Average throughput 

(Mbps) 
3.234 6.444 6.442 

Efficiency 62.83% 98.62% 98.60% 

 
TABLE III 

INFORMATION TABLE FOR SERVING METRICS 

No FR (Membership function) Interference Metric Degree 

1 0.7 5 17 

2 0.3 7 17 

3 0.3 6 24 

4 0.6 9 22 

5 0.6 8 22 

6 0.1 3 11 

7 0.5 7 20 

8 0.6 9 44 

9 0.7 8 17 

10 0.3 9 22 

B. Network Grouping and Formation 

Based on the performance metrics of a node, nodes are 
ranked and ordered based on the hop count value to form an 
RS network grouping. Maximum hop count MBS are given 
high priority to occupy several serving nodes to form a 
network group. Minimum hop count MBS nodes are given 
low priority to occupy remaining serving nodes to form a 
network group. Selects the multiple MBS based on the 
network area it utilizes for the process and network groups are 
created. Based on the updated MBS in Table III, minimum 
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2. To construct CDS from initiators by utilizing timer with 
minimum localized information 

3. CDS protocol maintains the changes in the network 
topology. 

In a wide area network, interference plays a major role and 
[29] dealt with it. Reference [23] proposed interference aware 
election algorithm with time complexity of O(nlogn) and 
main contribution of this paper deals with leader selection 
problem in fully distributed systems. Virtual backbone 
construction method uses bipartite and tri-partite graph. 
Reference [27] mainly focused on the scheduling concept in 
PMP mode based on fast and simple round robin scheduling. 
Based on these various scheduling algorithms such as, First in 
First Out (FIFO) and Last In First Out (LIFO), CoTS plays a 
vital role in a networking topology. “Interference-Aware, 
Fully-Distributed Virtual Backbone Construction and its 
Application in Multi-Hop Wireless Networks [28]” discuss 
about the directional slotted aloha with random topologies 
which lead to packet loss due to the coordination failure. For 
the interference problem, Friss transmission equation is 
discussed to calculate the power signal in receiver side. 

Reference [21] discussed the components in QoS 
architecture and scheduling problem in the network that is 
capable of allocating slots based on the QoS requirements 
bandwidth in IEEE 802.16 network systems. They have 
various complex schedulers such as Earliest Deadline First 
(EDF) and Weighted Fair Queuing (WFQ) and scheduler in 
802.16 to achieve accurate fair resource allocation. Reference 
[11] focused on the topological network changes and design 
algorithm for SS and achieve concurrent transmission for 
both uplink/downlink scheduling. Designed algorithm mainly 
provides simple, less cost efficient network setup and 
scheduling schemes in mesh network. Reference [14] utilized 
the concurrent transmission strategy for multi-hop wireless 
mesh network. Newly designed scheduling algorithm 
improves the throughput in multicast network and 
interference reduction based on the emission-group 
construction method. Based on the proposed cross layer 
topological network structure, it definitely helps in mitigating 
the problem of concurrent transmission in multi-hop wireless 
mesh network and improves throughput and system 
performance of the network.  

Reference [29] proposed an algorithm to measure the 
quality of the community structure in which a number of 
communities can be formed. “Fast algorithm for detecting 
community structure in networks” proposed an algorithm in 
detecting the network community. Reference [30] discussed 
complex network topology in various scenarios like 
resolution time and topological scales and multiple resolution 
time. Modularity (quality function) formula is discussed to 
find the quality measure of a grouping network into modules.   

VIII. CONCLUSION AND FUTURE WORK 

In this paper, we have used a CoTS scheme in the CCL-N 
Topology in IEEE 802.16 network. Taking various 
performance metrics, we have designed CCL-N Topology 
and CoTS Scheme has been classified into three aspects. 

Based on the CCL-N Topology, system improved can be 
based on the classification on the nodes as MBS and RS. 
Based on this CCL-N Topology, we have designed a CoTS 
scheme to formulate the CoTS process. CoTS scheme has 
three phases namely, Same Network Community, Different 
Network Communities and Identical Node Community. The 
group formation phases can be used in CCL-N Topology 
which results in three cases of formulation in CoTS scheme. 
In this paper, we have used modularity factor analysis which 
results in the quality function which is inversely proportional 
to the error possibilities and quality function based on the hop 
count has been analyzed. Various results are measured in 
terms modularity metrics for the purpose of concurrent 
transmission process and relate the generated values to load 
balancing concept. Future research can contribute towards 
updating the network topology to perform various scheduling 
scheme. 

ACKNOWLEDGMENT 

 Gunasekaran Raja gratefully acknowledges support from 
DST Fast Track for Young Scientists in Engineering Sciences 
F.No. SERC/ETA-0110/2011. 

Ramkumar Jayaraman gratefully acknowledges the support 
from NGNLabs, Department of Computer Technology, Anna 
University, Chennai, India. 

REFERENCES 
[1] Sumit Singh, Raghuraman Mudumbai and Upamanyu Madhow, 

“Interference Analysis for Highly Directional 60-GHz Mesh Networks: 
The Case of Rethinking Medium Access Control,” IEEE/ACM 
Transaction on Networking, Vol. 19, No. 5, pp. 1531-1527, Oct. 2011. 

[2] Miray Kas, Burcu Yargicoglu, Ibrahim Korpeoglu, and Ezhan Karasan, 
“A Survey on Scheduling in IEEE 802.16 Mesh mode.” IEEE 
Communications Surveys & Tutorials, Vol. 12, No. 2, Second Quarters, 
pp. 205 – 22, 2010. 

[3] Bo Han, Weijia Jia and Lidong Lin, “Performance evaluation of  
scheduling in IEEE 802.16 based wireless mesh networks,” Computer 
Communications, Elsevier Publications, Vol. 30, pp. 782–792, 2007.  

[4] Yang Yu, Sean Murphy and Liam Murphy, “Interference aware relay 
station location planning for IEEE 802.16j mobile multi-hop relay 
network,” in proc. of the 4th ACM workshop on Performance 
monitoring and measurement of heterogeneous wireless and wired 
network, PM2HW2N, pp. 201-208, 2009. 

[5] Ridha Soua and Pascale Minet, “Multichannel assignment protocols in 
wireless sensor networks: A comprehensive survey,” Pervasive and 
Mobile Computing, Elsevier Publication, Vol. 16, Part A, pp. 2 – 21, 
Jan. 2015.  

[6] Nabih Jaber, Nicholas C Doyle and Kernel E Tepe, “New combined 
WiMAX/DRSC Infrastructure for Efficient Vehicular networking,” 
EURASIP Journal on Wireless Communications and Networking, Aug. 
2012.  

[7] Tarek Bchini, Nabil Tabbane, Sami Tabbane, Emmanuel Chaput and 
André-Luc Beylot, “Fuzzy logic based layers 2 and 3 handovers in 
IEEE 802.16e network,” Journal of Computer Communication,” Vol. 
33, pp. 2224 – 2245, July 2010.  

[8] Wei Lia, Flávia C. Delicato, Paulo F. Pires, Young Choon Lee, Albert 
Y. Zomaya, Claudio Miceli and Luci Pirmez, Efficient allocation of 
resources in multiple heterogeneous Wireless Sensor Networks,” 
Journal of Parallel and Distributed Computing, Elsevier Publications, 
Vol. 74, Issue. 1, pp. 1775 – 1788, Jan. 2014. 

[9] Juan J. Gálvez and Pedro M. Ruiz, “Joint link rate allocation, routing 
and channel assignment in multi-rate multi-channel wireless networks,” 
Ad hoc Networks, Elsevier Publications, Vol. 29, pp. 78 – 98, June. 
2015.  



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942

Vol:10, No:6, 2016

1019

[10] Ghosh, D., Gupta, A., Mohapatra, P., “Admission Control and 
Interference-Aware Scheduling in Multi-hop WiMAX Networks,” in 
Proc. of IEEE International Conference on Mobile Ad hoc and Sensor 
Systems, pp.8-11, Oct. 2011.  

[11] Behnam Dezfoulia, Marjan Radia, Kamin Whitehouse, Shukor Abd 
Razak and Tan Hwee-Pink, “DICSA: Distributed and concurrent link 
scheduling algorithm for data gathering in wireless sensor networks,” 
Ad hoc Networks, Elsevier publications, Vol. 25, Part A, pp. 54 – 71, 
Feb. 2015.  

[12] Kazuya Sakai, Scott C.-H. Huang, Wei-Shinn Ku, Min-Te Sun and 
Xiuzhen Cheng, “Timer-Based CDS Construction in Wireless Ad Hoc 
Networks,” IEEE Transactions on Mobile Computing, Vol.10, No.10, 
pp.1388-1402, Oct 2011.  

[13] Ghosh, D., Gupta, A., Mohapatra, P., “Admission Control and 
Interference-Aware Scheduling in Multi-hop WiMAX Networks,” in 
proc. of IEEE International Conference on Mobile Ad hoc and Sensor 
Systems, pp. 8-11, Oct. 2011. 

[14] Jian Qiao, Lin X. Cai, Xuemin (Sherman) Shen and Jon W. Mark, 
“Enabling Multi-Hop Concurrent Transmissions in 60 GHz Wireless 
Personal Area Networks,” IEEE Transactions on Wireless 
Communications, Vol. 10, No.11, pp. 3824-3833, Nov. 2011. 

[15] Yuliang Tang, Yan Yao and Xinrong Lin, “A joint centralized 
scheduling and channel assignment scheme in WiMax mesh networks,” 
in Proc. Of International Conference on Wireless Communications and 
Mobile Computing: Connecting the World Wirelessly, pp. 552-556, 
NY, USA, 2009.  

[16] Yusoff, R., Dani Baba, M.D., Abd Rahman, R., Ibrahim, M., and Mat 
Isa, N., “Performance analysis of transparent and non-transparent relays 
in MMR WiMAX networks,” in the proc. of IEEE symposium on 
Industrial Electronics and Applications (ISIEA), pp. 237-240, Sept. 
2011.   

[17] Lexi Xu, Yue Chen and Yue Gao, “Self-organizing Load Balancing for 
Relay Based Cellular Networks,” in the proc. of IEEE 10th International 
conference on Computer and Information Technology, pp. 791-796, 
July 2010.  

[18] D. Satishkumar and N. Nagarajan, “Relay technologies and technical 
issues in IEEE 802.16j Mobile Multi-hop Relay (MMR) networks,” 
Journal of Network and Computer Applications, Elsevier Publicaitons, 
Vol. 36, Issue 1, pp. 91 – 102, January 2013.   

[19] Hung-Yi Loo, Sieteng Soh and Kwan-Wu Chin, “On improving 
capacity and delay in multi Tx/Rx Wireless Mesh Networks with 
weighted links,” in proc. Of 19th pacific conference on communications 
(APCC), pp. 12 – 17, Aug. 2013.  

[20] Sheng-Shih Wang, Chan-Ying Lien, Wen-Hwa Liao and Kuei-Ping 
Shih, “LASER: A load-aware spectral-efficient routing metric for path 
selection in IEEE 802.16j multi-hop relay networks,” Journal of 
Computer and Electrical Engineering, Elsevier Publications,” Vol. 38, 
Issue. 4, pp. 953 – 962, July 2012.  

[21] Alexander Sayenko, Olli Alanen and Timo Hammalainen, “Scheduling 
solution for the IEEE 802.16 base Station,” International Journal of 
Computer Networks, Vol.52, Issue.1, pp.96-115, Jan.2008.  

[22]  Ibrahim A. Lawal, Abas Md Said, Abubakar Aminu Mu’azu and Peer 
Azmat Shah, “Performance Comparison of Centralized and Distributed 
Network Models to Support QoS in Fixed WiMAX,” in proc. Of 2nd 
International Conference on Innovation, Management and Technology 
Research, Vol. 129, pp. 441 – 452, May. 2014.  

[23] Huang, S.C.-H., Min-Te Sun, Qilian Liang, Peng-Jun Wan and 
Xianohua Jia, “Interference-aware, fully- Distributed Virtual Backbone 
Construction and its application in multi-hop wireless network,” IEEE 
Transactions on communications,” Vol. 58, Issue. 12, pp. 3350 – 3560, 
Dec. 2010.  

[24] Christophe Soares, Rui S. Moreiraa, Ricardo Morla, José Torres and 
Pedro Sobral, “A graph-based approach for interference free integration 
of commercial off-the-shelf elements in pervasive computing systems,” 
Special Issue on Ubiquitous Computing and Future Communication 
Systems, Future Generation Computer Systems, Elsevier Publications, 
Vol. 39, pp. 3 – 15, Oct. 2014. 

[25] Hector Gracia-Molina, “Election in a Distributed Computing System,” 
IEEE transaction on computer, Vol. C 31, No. 1, Jan. 1982.   

[26] Jinbao Li, Xiaohang Guo, Longjiang Guo, Shouling Ji, Meng Han and 
Zhipeng Cai, “Optimal routing with scheduling and channel assignment 
in multi-power multi-radio wireless sensor networks,” Ad hoc 
Networks, Elsevier publications, Vol. 31, pp. 45 – 62, Aug. 2015.  

[27] Jani Lakkakorpi, Alexander Sayenko and Jani Moilanen, “Comparison 
of different scheduling algorithms for WiMAX base station: Deficit 

Round Robin vs. Proportional Fair vs. Weighted Deficit Round Robin,” 
in Proc. of the IEEE wireless Communications and Networking 
Conference (WCNC 2008), Las Vegas, Nevada, USA, pp. 1991-1996, 
April. 2008.  

[28] Jian Lin, Haejoon Jung, Yong Jun Chang, Jin Woo Jung and Mary Ann 
Weitnauer, “On cooperative transmission range extension in multi-hop 
wireless ad-hoc and sensor networks: A review, Ad hoc Networks, 
Elsevier publications, Vol. 29, pp. 117 – 134, June. 2015.  

[29] A. Arenas, A, Fernandez and S Gomez, “Analysis of the Structure of 
complex network at different resolution levels, New journal of physics, 
Vol. 10, pp. 1-25, May 2008.  

[30] M.E.J. Newman, “Analysis of Weighted Network,” Journal of Physical 
Review E, Vol. 70, Issue. 5, pp. 1-9, July 2004. 


