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Abstract- IEEE 802.16 Broadband Wireless technology offers a high speed internet access for both the nomadic and mobile 
users. To satisfy the needs of the interactive users with low latency and greater throughput, an efficient and robust resource 
allocation scheme is required. The Medium Access Control (MAC) layer supports both centralized and decentralized 
scheduling. In this paper, distributed scheduling is taken into account for relaying the packets which are independent of the 
centralized Base station. The coordinated distributed scheduling incorporates the election algorithm to determine the 
competing node’s transmission slots and holdoff time algorithm to compute the node’s contention slots. We propose an 
Enhanced Coordinated Distributed Scheduling (E-CDS) algorithm which prioritize the transmission opportunities for the 
conflicting nodes and decides the holdoff time of a node using the number of active neighbours. The proposed scheme strive to 
achieve broader utilization of transmission slots and minimal time for establishing the data scheduling. Our simulation results 
proves that E-CDS algorithm provides a greater network utilization compared to the existing approaches. 
 
Keywords- IEEE 802.16, WiMAX, Medium Access Control (MAC), Wireless Mesh Networks, Distributed Scheduling, 
Holdoff time. 
 
 
I. INTRODUCTION 
 
The Inflation in the demand for Radio resources 
occurs due to the expeditious growth in the number of 
subscribers utilizing the services such as Voice over 
Internet Protocol (VoIP), Online gaming, Audio and 
Video on Demand (AVOD), Peer-to-Peer (P2P) 
sharing etc. The apportionment of limited radio 
spectrum among the expanse number of subscribers is 
a challenging task. Recently IEEE 802.16, also known 
as Worldwide interoperability for Microwave Access 
(WiMAX), is a wireless technology designed to 
achieve competent broadband access with minimal 
deployment and maintenance costs. The IEEE 802.16 
standard [1] provides the resource allocation based on 
two types of communication modes- 
Point-to-Multipoint (PMP) and Mesh mode. In PMP 
mode, the Base Station (BS) serves all the Subscriber 
Stations (SSs) and the communication is  
one-to-many. Whereas in Mesh mode, each SSs 
cooperates with each other in relaying the packets 
without the guidance of the BS. Here, the data packets 
are transmitted in a peer-to-peer fashion. Time 
Division Multiple Access (TDMA) is usedto manage 
the allocation of network resources in this mode. 
 
Apportionment of radio channels for the SSs are either 
performed through Centralized Scheduling (CS) or the 
Distributed Scheduling (DS). In Centralized, BS acts 
as a central coordinator in data transmission 
scheduling. Here, each SS sends the control messages 
and network bandwidth requests to the BS. The 
control signals broadcasted are Network control and 
scheduling control messages. The entire network is 
modeled in the form of a routing tree which requests 
bandwidth, traffic demands to the root BS. Now, BS 

allocates radio channels to the SSs as per their 
requirement without any interference [21], [22]. The 
major drawbacks in Centralized scheduling are 
described here. First one is, the nodes in the network 
faces unnecessary routes. Each SSs forwards the 
packets only through the BS. Next one is, efficient 
usage of spatial reuse concept is difficult in this 
environment. In Distributed Scheduling, each SSs 
communicates among themselves without the 
intervention of BS [19], [20]. Distributed Scheduling 
can be of two types: Coordinated Distributed 
Scheduling and Uncoordinated Distributed 
Scheduling. The advantages in Distributed Scheduling 
are as follows: 1) It provides a competent routing paths 
for all the SSs in the network. 2) Exploitation of spatial 
reuse properties to increase the network capacity. 3) 
Minislots are allocated to the SSs based on the demand 
and thus the network bandwidth is utilized efficiently. 

In our paper, Coordinated Distributed Scheduling 
(CDS) is considered which schedules the control 
messages and data packets using the Election 
algorithm and Reservation Based Distributed 
Scheduling (RBDS) algorithm. Now, we elaborate the 
shortcomings in the traditional CDS algorithms which 
reduces the network throughput and increases the  
end-to-end delay. Firstly, Each SSs has to wait for 
some transmission opportunities accounting from the 
current transmission time. The determination of 
Holdoff time results in miscalculated transmission 
slots, wastage of control and data slots, uneven 
distribution of node allocation for the control signal 
transmission. Secondly, pseudo random mixing 
generator inputs the competing slot identifiers and the 
node (SS) identifier for allocating the transmission 
opportunities for one among the conflicting SSs [15]. 
The election of competing SSs are not prioritized for 
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achieving greater throughput. To address the above 
problems, we propose an E-CDS algorithm which 
focus to minimize the end-to-end delay. According to 
the existing CDS algorithm, each SS has to holdoff for 
a default 16 transmission slots. The Holdoff time is 
computed with the Holdoff Exponent value which 
ranges from 0-7. Thus, it ends in a greater delay for the 
entire network i.e., Some SSs even doesn’t have the 
opportunity to transmit at least once. In our algorithm, 
the holdoff time depends on the number of active 
neighbours for each SS which results in a solution that 
adapts to both static and dynamic scenarios. Now, the 
node has to be prioritized based on the transfer of 
Information Elements (IE). For transferring data 
among the SSs, three types of messages are 
exchanged: Request, Grant and confirm. If the above 
IE are proceeded with the minimal lagging of 
transmission slots then it achieves low wastage of 
slots, prioritized allocation and balanced distribution 
of transmission opportunities among the nodes. 
 
The rest of our paper is structured as follows. Section 
II lists the merits and demerits of the existing schemes.  
In Section III, the concepts of the IEEE 802.16 MAC 
Frame Structure and the coordinated distributed 
scheduling in WMNs are studied in detail. The 
wireless network is modelled to analyze our scheme is 
explained in section III. Section IV elaborates our 
proposed E-CDS algorithm with examples. The 
performance analysis of the proposed E-CDS and 
existing algorithms are compared in section V. Lastly, 
we conclude this paper on Section VI. 
 
II. RELATED WORKS 
 
So far, a lot of research works are carried out in this 
coordinated distributed scheduling algorithm. Several 
authors either concentrate on the improvisation of the 
Election or the RBDS algorithm [2]. Most of the paper 
aims to resolve the problems in the IEEE 802.11 
WMNs. The recent trends applied for resource 
allocation in Wireless Local Area Networks (WLANs) 
are auction based resource allocation [3-5] i.e., 
Bayesian Game approach is a model which allocates 
the bandwidth for the users based on the bidding 
strategy. Every user requests for a bandwidth with the 
constraint that the demand should not exceed the 
available resources. Also the auction schemes aims to 
provide an equal distribution of bandwidth for all the 
users in the network. Broadening the surveys in the 
CDS algorithms [6], [7], many researches are focused 
in reducing the holdoff time, improving the buffer 
utilization and stability of the queue, then reducing the 
slots between the message exchanges[2][8]. When a 
node transmit a packet from source to destination, the 
total delay is calculated from the birth of the packet till 
it reaches the destination. The packet transmission rate 
is computed with the staging of a packet in a node and 
the transmission from one node to the intermediates. 
Shie-Yuan Wang et al. [9] proposed a Two-Phase 

Holdoff time setting scheme which selects the holdoff 
time based on two approaches- Static and Dynamic. In 
Static approach, the Holdoff Exponent value of a node 
is calculated using the number of neighbours of a node. 
If the number of neighbours of a node i isNbr_num(i), 
then the holdoff time ofthe node is computed [10], [12] 
as2 ( ( _ ( ))  .If the neighbours around a 
node i is Idle, then there is a wastage of transmission 
slots. In Dynamic Approach, the holdoff time is 
computed by calculating the difference between the 
requestor node’s slot and the grantor node’s expected 
transmission time and then it is transmitted next to the 
grantor node. The performance of the CDS algorithm 
is determined by two parameters namely, Holdoff 
Exponent (XmtHoldoffExponent) and Next 
transmission Maximum (NextXmtMx). Every SS 
broadcasts their next transmission interval 
(NextXmtTimeInterval) which is calculatedusing the 
above said parameters. The transmission slots are 
wasted due to unpredicted or miscalculation of the 
contention times for each node.   
 
Several researches [11] are carried out with the 
extraction of information from the upper and the lower 
layers. In this CDS, each node requires the properties 
of the 2-hop neighbourhood. In the cross-layer 
adaptive scheduling algorithm, the node’s 2-hop 
information such as routing paths, neighbour node 
status, energy etc. are extracted from the lower and 
upper layers. 
 
Hua Zhu et al.[13] proposed a Unified Collision-Free 
Coordinated Distributed Scheduling (CF-CDS) 
algorithm which computes the data schedule based on 
certain constraints: 1) Each node have restriction on 
the number of neighbours. The reason is that if a node 
has large number of neighbours, then all the nodes will 
achieve a delayed scheduling cycle for transmitting 
the control or data traffic. 2) In order to allocate the 
slot among the nodes in even distribution, each node 
reserves a control opportunity for every scheduling 
cycle. Some authors works on the data schedule 
scheme [18] for reducing the wastage of minislots. As 
already mentioned, in order to initiate the data 
transmission, each node performs three-way 
handshake. The grantor tries to accept the request and 
decides the minislots for transmission. The number of 
control signals are minimized if the minislots 
allocations are distributed among the requestor by 
grantor. Cecília et al. [14] proposed an analytical 
framework for examining the end-to-end delay in the 
distributed scheduling. Here, M/G/1/K queue model is 
considered for the CDS in IEEE 802.16 WMNs which 
pictures the network limit accurately. 
 
III. OVERVIEW OF THE IEEE802.16 
MESH-CDS ALGORITHM 

 
A. IEEE 802.16 MAC Frame Structure 

As defined in IEEE 802.16 standard, the MAC mesh 
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frame is split into control subframe and data subframe. 
In IEEE 802.16 mesh mode [16], each SSs gathers 
2-hop or 3-hop neighbourhood information whereas in 
IEEE 802.11, SSs acts in Ad hoc mode. The control 
subframe is further partitioned into Network control 
subframe and the Scheduling control subframe. A 
control subframe is divided into 16Transmission 
Opportunities (TxOp) and the data subframe into 256 
minislots [17]. The control messages are transferred 
over the TxOp and data packets over the minislots. 
The duration of each TxOp consists of 7 OFDM 
symbols and minislots of 4 OFDM symbols. When a 
node enters the network, it broadcasts network entry 
messages (MSH-NENT) and network configuration 
messages (MSH-NCFG). After SS joins the network, 
it schedules either in centralized or distributed mode. 
In CS, each SSs send its control messages to the BS 
via centralized scheduling messages (MSH-CSCH 
/MSH-CSCF). The complete TxOp in a frame are 
described as MSH_CTRL_LEN (0-15). For 
distributed, control signals are sent through the mesh 
distributed scheduling messages (MSH-DSCH). 
MSH_DSCH_NUM is the available TxOp to transmit 
distributed control messages. Now, we consider a 
network which executes both type of scheduling. In 
order to differentiate, MSH_CTRL_LEN - 
MSH_DSCH_NUM gives the total number of 
centralized TxOp and the rest is for the transfer of 
distributed control signals.  
 

 
Fig. 1. Mesh Network Topology 

 
B. Description of Coordinated Distributed 
Scheduling 

The major challenge in the wireless network is to 
speed up the transfer of packets among the nodes. In 
case of DS, each SS must perceive the information of 
its neighbors to access the control or data slots without 
any conflicts. In order to relay the data, each SS has to 
complete the transfer of control messages and then 

reserve the data minislots. The scheduling messages to 
be transferred in CDS are MSH-NCFG, MSH-DSCH. 
Here, MSH-NCFG are broadcasted periodically 
whereas MSH-DSCH is transmitted on demand. Each 
SS operates CDS algorithm independently as per the 
available neighbourhood information. When SS 
completes the current transmission, it holds for 
16-2048 TxOp and then utilizes the next transmission 
time. In detail, each SS executes and transmits its 
schedule to the 2-hop neighbourhood and the 
parameters such as holdoff time, Next transmission 
time Interval which are computed using (1) and (2). 
 
XmtHoldoffTime = 2  (1) 
 
2  × NextXmtMx

< NextXmtTimeInterval ≤ 
2  × (NextXmtMx + 1) 

 

(2) 

If two or more SSs competes for the same TxOp, 
collision occurs. Pseudo random generator inputs the 
conflicted slot numbers and the SSs identifiers. The 
nodes with larger random number wins the TxOp and 
the other nodes executes the same process until it 
grabs the transmission slots. For data transfer, 
three-way handshake is performed among the two 
nodes that takes part in relaying the data traffic. Three 
MSH-DSCH messages are MSH-DSCH: Request IE, 
MSH-DSCH: Grant IE, MSH-DSCH: Confirm IE 
transmitted via the TxOp to initiate the data schedule. 
 
IV. SYSTEM MODEL 
 
We consider an entire wireless network is represented 
by a graph G(V,E) where V and E expresses the 
vertices as nodes or SSs and set of edges as 
interconnected links are arranged in the form of 2D or 
overlaid mesh structure as shown in Fig. 1. In this 
mesh structure, computation can be distributed i.e., 
each nodes strives in achieving their targets. Each SSs 
are placed at a distance of ‘d’ forming a mesh, where 
the longer transmission range is of √2d. Considering 
our wireless scenario into this structure, each node 
relays the packets with the minimum of 2( √n − 1) 
interconnections, where n is the total number of nodes 
in the wireless networks.  The links between the two 
SSs j and k are directional. Here, each SSs holds the 
2-hop neighbourhood information, denoted as Nbr[j] 
for a node j .The neighbourhood IE constitutes the 
Grant-Request Flag ( G_R[j] ), Success rate ( S[j] ), 
Failure rate ( f[j] ), Early Subsequent Timer (t[j] ). 
Taking into account of a node j with m Neighbours, 
the configuration parameters are listed in Table 1. 

G_R[1. . m] Node categories 

S[1. . m] Count of allocated 
slots  

f[1. . m] Failure rate of a 
node 
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t[1. . m] Earlier time for each 
transmission 

Neighbour Node ID 48-bit MAC address 

XmtHoldoffExponent 
(3 bits) 

A configuration 
parameter to 
compute Holdoff 
time. 

NextXmtMx 
(7bits) 

Determines the next 
transmission time 

Table 1. Configuration Parameters 
 
Comparing the 2D mesh and the overlaid mesh 
structure, the former mentioned cannot relay packets 
via the diagonal neighbour nodes. In wireless 
networks, the node can communicate to their 
reachable neighbours. So, the 2D mesh does not suit 
our strategy. So, we go for the overlaid mesh structure 
where each node communicates with the surrounding 
2-hop neighbourhood. In this paper, to introduce the 
E-CDS algorithm, we examine the 2-hop 
Neighbourhood traffic model. Also, by considering 
the proposed parameters, our scheme achieves a 
greater throughput. 
 
V.  ENHANCED-COORDINATED       
  DISTRIBUTED SCHEDULING 
 
In our system model, the SSs are distributed in the 
form of overlaid mesh structure and in order to 

communicate among themselves, each SS has to 
perform the following: The SS decides its TxOp with 
the available neighbourhood information. After SS 
grabs the TxOp, it waits for a number of transmission 
slots. Traditional schemes considers the number of 
neighbours of a node count as the 
XmtHoldoffExponent.  
 
In this case, each SS holds based on the neighbour 
count. If the neighbours around a node j are not active 
i.e., they do not utilize the TxOp, then it results in 
wastage of control slots. So, we categorize the nodes 
into two: occurs in two categories: 1) Active 2) 
Passive.  
 
A node is said to be active, if it attempts to transmit the 
control signals. Otherwise, it is declared as passive or 
idle. Also, the existing scheme miscalculates the 
XmtHoldoffTime which results in frequent collision 
among the SSs. In our proposed mechanisms, the 
Node status are determined based on the Earlier 
Subsequent timer.  
 
If the node has utilized the transmission slots very 
recently, then it is assumed to be active. To determine 
the status of the node, the periodic MSH-NCFG and 
Earlier Subsequent timer are taken into account. 
Analysing in detail, the SSs notes down the neighbour 
information for a period of time. 

 

 
Fig. 2. E-CDS Algorithm
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Let us denote two time parameters: mid_threshold, 
threshold. Initially, the first attempted TxOp is set as 
s_tr_count, is incremented till it achieves 
mid_threshold and both the limits are added up to 
attain a previous_tr_count. After that, Next_tr_count 
is obtained using the two limits mid_threshold and 
threshold. So, two set of time frames or history is 
maintained. Once the SSs reaches the threshold, 
Next_tr_count is set to previous_tr_count and next 
transmission count, (Next_tr_count) is incremented 
till it reaches the threshold slot number. A node is said 
to be passive, if it produces zero frequent TxOp. In the 

IEEE 802.16 mesh MAC frame structure, each SS 
transfers the MSH-NCFG periodically. Now, let us 
define an example consisting of 8 nodes in a networks. 
In the mesh 802.16, every SS constitutes at least 8 
nodes. So, the node i contains 8 neighbours. The 
existing scheme discards 7 TxOp as pictured in Fig. 3. 
In our proposed mechanism, the number of active 
neighbours are derived using Modified Holdoff 
algorithm as represented in (3) and (4), which predicts 
the nodes TxOp and there by reduces the wastage of 
TxOp.

 

 
 

 
Fig. 4. Example illustrating the E-CDS Algorithm 

 

 
 
WhereNum_of_active_Nbr[i]is the number of active is 
neighbours of node i. 
 
When a SS enters the network, it transmits the network 
control scheduling messages to configure themselves 
or to join the network. Every SSs computes its next 
transmission slot when it is in the current transmission 
slot. SSs has to wait for a number of holdoff time 
control slots for utilizing the next TxOp. Owing to the 
unpredictable TxOp for the SSs, it leads to the 

end-to-end delay and loss of TxOp. During the control 
slot allocation, SSs will tend to compete the same 
TxOp. The problem statement is, if two or more SSs 
contend for the similar TxOp, collision occurs. Among 
the SSs, only one can transmit the control messages at 
the particular TxOp. In the existing mechanisms, the 
winner node with larger random result is elected using 
the pseudo random generator. Even though collision is 
avoided, the node which has to grant or grant 
confirmation will fail if it does not result  

 
in greater pseudo random number. It ends in maximum 
delay in data transmission. In order to prioritize the 
nodes, the nodes are classified based on their 
MSH-DSCH messages. The SSs requests its 1-hop 
neighbours with <Node ID, minislots ID, Frame 
number> and expects to grant immediately to transfer 
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data between the nodes. For example, when node k 
receives requests from its neighbours, its G_R lag is 
set to 1, else to 0. The requestor waits for the response 
from the grantor.  The 2-hop neighbours of the 
requestors and grantors are aware of the schedules. So, 

an election algorithm runs on the respective competing 
SSs. If the G_R flag is set to 1, then that particular SS 
holds the TxOp. Fig. 2. explains the E-CDS 
Algorithm. The priority of the nodes are categorized as 
follows: 

 

MSH − DSCH: Grant IE <  MSH − DSCH: Con irm 
 

<  MSH− DSCH: Request/Scheduling IE 
 
If the competing nodes consists of more than one 
grantor nodes, the selection of a grantor is done with 2 
cases. 
 
In case 1, the grantor nodes compares the f[1. . m] of a 
conflicting nodes. The node with larger f[1. . m]  is 
apportioned with the TxOp and other nodes competes 
once again. If two or more nodes computes the same 
f[1. . m] value, then case 2 is applied. In which, each 
SS maintains  t[1. . m] of m neighbours, the SS with 
maximum early subsequent time is allocated with the 
control slots. Once the grantor responds, then the next 
slot is grabbed by the requestor to confirm the data 
initiation. For example, consider a mesh network with 
9 nodes in which Node 1 has to communicate with 9 
and the routing paths are described in Fig. 4. 
 
VI. PERFORMANCE EVALUATION 
 
Our proposed E-CDS algorithm is examined in terms 
of end-to-end delay and throughput utilization. 
Comparing the existing algorithm such as CDS, 
Adaptive holdoff with our scheme, we found that it 
provides an efficient throughput with minimal delay. 
The delay parameters are XmtHoldExponent and the 
pseudo random selection of the conflicting nodes. 
These two parameters are tuned to achieve a greater 
outcome. Fig. 5a depicts the comparison among the 
above said existing algorithms and our scheme. The 
latency curve has been reduced drastically. The 
throughput is expressed as kilobytes per second. Thus 
it utilizes a maximum network resources which is 

pictured in Fig. 5b. 
 
CONCLUSION 
 
In IEEE 802.16 distributed wireless mesh 
environment, it is obvious that a node contends 
themselves to access the transmission opportunities 
for control signal transmission. We proposed an 
E-CDS algorithm to provide a fair resource allocation 
in the distributed networks. In this paper, an active 
number of neighbours are considered for holdoff time 
computation of each node, so that the wastage of 
transmission slots can be minimized. Next, the 
election of conflicting nodes can be examined with the 
node categories. The overall simulation shows that our 
scheme outperforms the existing CDS algorithm, 
which reduces the unwanted slot allocation and 
minimizes the latency through prioritized election 
algorithm, there by increases the overall throughput.  

 
REFERENCES 

 
[1] IEEE Std. 802.16-2004, IEEE Standard for Local and 

Metropolitan Area Networks Part 16: Air Interface for Fixed 
Broadband Wireless Access Systems, 2004.  

[2] Gustavo Vejarano and Janise McNair, “Stability Analysis of 
Reservation-Based   Scheduling Policies in Wireless 
Networks,” IEEE transactions on parallel and distributed 
systems, vol. 23, no. 4, pp.760-767, April 2012.  

[3] Khajonpong Akkarajitsakul, Ekram Hossain and Dusit Niyato, 
“Distributed Resource Allocation in Wireless Networks under 
Uncertainty and Application of Bayesian Game,” IEEE 
Communications Magazine, vol. 49, no. 8, pp. 120-127,  
August 2011.  

[4] Khajonpong Akkarajitsakul, Ekram Hossain and Dusit Niyato, 
“Coalition-Based Cooperative Packet Delivery under 
Uncertainty: A Dynamic Bayesian Coalitional Game,” IEEE 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-2, Issue-7, July-2014 

An Enhanced Coordinated Distributed Scheduling Mechanism for IEEE 802.16 Wireless Mesh Networks 
 

103 

Transactions On Mobile Computing, vol. 12, no. 2,  
pp. 371-385, February 2013.  

[5] Pillappaiah S, Sarkar M, Nagaraj S and Paolini C, “Auction 
based resource allocation in      WiMAX,” 9th International 
Conference on Wireless Communications and Mobile 
Computing, pp. 288-293, July 2013.  

[6] 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, pp.205-221, second quarter 2010. 

[7] Ghazvini M., Movahedinia N., Jamshidi K., “Scheduling 
Algorithms in Wireless Mesh Networks: A Review,” Second 
Pacific-Asia Conference on Circuits, Communications and 
System (PACCS), vol. 1, pp. 86-90, August 2010.  

[8] Bin Wang, Zhigang Jin, “Buffer Utility based Control Channel 
Bandwidth Allocation Algorithm in IEEE 802.16 Mesh 
Networks,” 2nd International Conference on Consumer 
Electronics, Communications and Networks (CECNet),  
pp. 1703 – 1707, April 2012.  

[9] Shie-Yuan Wang, Chih-Che Lin, Han-Wei Chu, Teng-Wei 
Hsu and Ku-Han Fang, “Improving the Performances of 
Distributed Coordinated Scheduling in IEEE 802.16 Mesh 
Networks,” IEEE transactions on vehicular technology, vol. 
57, no. 4,  
pp. 2531-2547, July 2008.  

[10] Chakraborty S., Sanyal D.K., Chakraborty A., Ghosh A., 
Chattopadhyay S., Chattopadhyay M., “Tuning Holdoff 
Exponents for Performance Optimization in IEEE 802.16 
Mesh Distributed Coordinated Scheduler,” 2nd International 
Conference on Computer and Automation Engineering 
(ICCAE),  vol. 1, pp. 256 – 260, February 2010. 

[11] Hua Guo, Jian Guo, Zhong Zhang and Jiansong Zhang, “A 
Distributed Cross-layer Adaptive Scheduling Algorithm for 
Wireless Mesh Networks,” International Conference on 
Control, Automation and Systems Engineering (CASE),  
pp. 1 – 5, July 2011.  

[12] Khainu P., Keeratiwintakorn.P, “An Adaptive Holdoff 
Exponent Approach for Coordinated Distributed Scheduling 
in WiMAX Mesh Networks,” International Symposium on 
Intelligent Signal Processing and Communications Systems 
(ISPACS),  
pp. 1 – 5, December 2011.  

[13] Hua Zhu, YatKwan Tang and Imrich Chlamtac, “Unified 
Collision-Free Coordinated Distributed Scheduling (CF-CDS) 

in IEEE 802.16 Mesh Networks,” IEEE transactions on 
wireless communications, vol. 7, no. 10, pp. 3889 – 3903,  
October 2008.  

[14] Cecília A.C. César, Solon V. Carvalho, “An analytical 
framework for distributed coordinated scheduling in IEEE 
802.16 wireless mesh networks,” Ad Hoc Networks, vol. 13, 
Part A,  
pp. 181–190, February 2014.  

[15] Bih-Hwang Lee and Chun-Ming, Chen, “An Enhanced 
Election-Based Transmission Timing Mechanism in IEEE 
802.16 Mesh Networks,” 14th Asia-Pacific Conference on 
Communications, pp. 1 – 5, October 2008.  

[16] Bo Han, Fung Po Tso, Lidong Lin and Weijia Jia, 
“Performance evaluation of    scheduling in IEEE 802.16 
based wireless mesh networks,” IEEE International 
Conference on Mobile Adhoc and Sensor Systems (MASS), 
pp. 789 – 794, October 2006. 

[17] Barria M. and Cordiviola A., “Proposal and Evaluation of 
Load-Dependent   Distributed Scheduling Algorithm for 
WiMAX in Mesh Mode,” IEEE latin america transactions,  
vol. 10, no. 6, pp. 2309 – 2315, December 2012. 

[18] Limin Peng and Suyun Sun, “Coordinated Distributed Data 
Scheduling Scheme in IEEE 802.16 Mesh Networks,” 
International Conference on Internet Computing & 
Information Services (ICICIS), pp. 389 – 392, September 
2011. 

[19] Amr A. El-Sherif and Amr Mohamed, “Decentralized 
Throughput Maximization in Cognitive Radio Wireless Mesh 
Networks,” IEEE Transactions on Mobile Computing, vol. PP, 
no. 99, pp. 1-15, February 2014. 

[20] Peng-Yong Kong and Inn-Inn Er, “DTSMA: Distributed 
time-spread multiple access for wireless mesh networks with 
IEEE 802.16d MAC protocol,” Computer Networks, vol. 53,  
no. 3, pp. 322–337, February 2009. 

[21] Loscrì, “MAC protocols over wireless mesh networks: 
problems and perspective,”    Journal of Parallel and 
Distributed Computing, vol. 68, no. 3, pp. 387–397,  
March 2008. 

[22] Attia E.O., Amin A.S. and El Henawy H.M., “Novel IEEE 
802.16 Mesh Node Architecture to Achieve QoS in 
Coordinated Distributed Mode,” 14th International 
Conference on Advanced Communication Technology 
(ICACT), pp. 365 – 370, February 2012. 

 
 

 

 

 
 

 

 

 

 


