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Abstract: The rapid growth of high-speed multimedia services for mobile, residential and small
business customers has created an increasing demand for last mile broadband access. Technologies
based on 802.16 which called WiMAX (Worldwide Interoperability Microwave Access) promises to
deliver high data rates over large distances and deliver multimedia services and are expected to play
a major role in high speed broadband delivery. Routing in Wireless Mesh Network (WMN) is
challenging because of the unpredictable variations of the wireless environment. Traditional
mechanisms have been proved that the routing performance would get deteriorated and ideal metrics
must be explored. There are various challenges for the routing in WiMAX mesh such as delay, long
transmission scheduling, and increasingly stringent Quality of Service (QoS) support and load balance
and fairness limitations. The goal of this paper is to review some routing algorithms proposed by
various authors for IEEE 802.16 mesh networks. This paper discusses the problem of routing for
providing QoS, for minimizing interference, robustness and fairness in detail.
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INTRODUCTION

The rapid increase in user demand for faster connection to the Web and VoIP services has spurred the
development of new broadband access technologies over recent years. The IEEE 802.16 standard  (IEEE Std
802.16-2004), also commonly known as WiMAX, finalized in year 2004, aims at providing last-mile fixed
wireless broadband access in the Metropolitan Area Network (MAN) with performance comparable to
traditional cable, DSL or T1 networks  (Carl Eklund, Roger B. Marks, 2002).

IEEE 802.16 operates at 10-66 GHz for Line-of-Sight (LOS), and 2-11 GHz for non-LOS connection. In
the physical layer, the standard employs orthogonal frequency division multiplexing (OFDM), and supports
adaptive modulation and coding depending on the channel conditions, providing a data rate up to 134 Mbps
(per Base Station) in each 28 MHz channel. An IEEE 802.16 network consists of a Base Station (BS) and
multiple Subscriber Stations (SSs). The BS serves as a gateway for the SSs to the external network, and each
SS acts as an access point that aggregates traffic from end users in a certain geographical area  (Deepak
Pareek, 2006).

In Figure 1 the 802.16 mesh networks are mainly used to provide a cost effective Internet access for
sparsely populated areas. Thus, the network topology is a tree rooted at the base station and the problem is
to determine the routing and link scheduling for the tree, either jointly or separately. In community wireless
networks, most of the nodes are either stationary or minimally mobile. Hence the focus of routing algorithms
is on improving the network capacity or the performance of individual transfers, instead of coping with
mobility or minimizing power usage. One of the main problems facing such networks is the reduction in total
capacity due to interference between multiple simultaneous transmissions.

There are few fundamental challenges in routing over wireless mesh networks (WMNs)  (Ian, F.X.W.
Akyildiz, 2005) as shown in Figure 2. Routing design has to address issues in both short and long time scales.
A good wireless mesh routing algorithm has to ensure both long-term route stability and achieve short-term
opportunistic performance. Wireless routing also has to ensure robustness against a wide spectrum of soft and
hard failures, ranging from transient channel outages, links with intermediate loss rates, from several channel
disconnections, nodes under denial-of-service (DOS) attacks, and failing nodes.
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Fig. 1: IEEE 802.16 based wireless mesh networks. 

Fig. 2: Wireless mesh network.

So challenges in routing are to address both these issues and at the same time it should be scalable enough
to large node population. The IEEE 802.16 standard defines the random routing, in which SSs randomly select
the parent while building a tree. In this paper we present both distributed and centralized routing algorithms
proposed by various authors in their literatures which deal with different issues.

IEEE 802.16 protocol specifies two different modes of operation (Petar Djukic and Shahrokh Valaee,
2007). The first mode of operation is the point-to-multipoint (PMP) mode. This mode operates with a central
BS and its sectorized antenna which has the capability of handling multiple independent sectors simultaneously
as in Figure 3. Within a given frequency and antenna sector, when the BS transmits all the SSs receive the
same transmission. The BS owns the control of the downlink. For the uplink, all the transmissions are directed
to the BS. The BS manages the network by coordinating the transmission of the SSs. It does not require
coordinating its transmission with other stations. The second mode of operation is the mesh mode, where
access points are interconnected with wireless links as in Figure 4. The main difference between the PMP and
Mesh mode is related with the link among the Stations. In PMP all the transmission occurs between the BS
and SSs, whereas in Mesh mode the traffic can be placed directly between two SS and the SSs do not need
have direct links with the BS. The traffic can be routed through other SSs. 
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Fig. 3: PMP mode topology.

Fig. 4: Mesh mode topology.

In mesh mode the concept BS refers to the station that has directed connection to the backhaul services
outside the Mesh Network. All the others Stations are termed SSs. Within the Mesh Networks there is 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  (Rico., P.F.R., 2006).

The routing tree plays an important role to reduce the link interference, enhance load balance and to
provide QoS. Routing will have significant impact on the performance of the system and will largely decide
the end to end QoS to different users. The path of a flow consisting of multiple links and evaluating the
overall performance of the route reasonably to choose the best routes is also an open issue. The goal of this
paper is to review some routing algorithms proposed by various authors for IEEE 802.16 mesh networks. This
paper discusses the issues of routing for providing QoS, for minimizing interference, robustness and fairness
in detail.

The remainder of the paper is organized as follows. IEEE 802.16 mesh mode is presented in Section II.
Network entry and synchronization is presented in section III. In Section IV, we explain mechanisms for
enhancing the distributed routing proposed by various authors for IEEE 802.16 WMN. Section V describes the
mechanisms for enhancing the centralized routing mechanism. In Section VI, we present comparison analysis
of the proposed routing mechanisms and we conclude in Section VII.

IEEE 802.16 Mesh Mode: 

The IEEE 802.16 mesh mode uses Time Division Multiple Access (TDMA) for channel access among the
mesh BS and SS nodes, where a radio channel is divided into frames. Each frame is further divided into time
slots that can be assigned to the BS or different SS nodes. Figure 5 shows the frame structure of mesh mode.
A frame consists of a control subframe and a data subframe. Each frame is further divided into 256 minislots
for transmission of user data and control messages. A control subframe, which typically consist of multiple
minislots, is used to carry signalling messages for network configuration and scheduling of data subframe
minislot allocation. There are two types of control subframes: network control subframe and scheduling control
subframe (Min Cao, R.V., P.R. Kumar, 2006).
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In the network control subframes, Mesh Network Configuration (MSH-NCFG) and Mesh Network Entry
(MSH-NENT) messages are used for advertisement of the mesh network and for helping new nodes to
synchronize and to joining the mesh network. Active nodes within the mesh periodically advertise MSH-NCFG
messages with Network Descriptor, which outlines the basic network configuration information such as BS ID
number and the base channel currently used. A new node that plans to join the mesh network scans for active
networks by listening to MSH-NCFG messages. Upon receiving the MSH-NCFG message, the new node
establishes synchronization with the mesh network. From among all the possible neighbour nodes that advertise
MSH-NCFG, the new node selects one as its sponsor node. Then the new node sends a MSH-NENT message
with registration information to the mesh BS through the sponsor node. Upon receipt of the registration
message, the mesh BS adds the new node as the child of the sponsor node in the scheduling tree, and then
broadcasts the updated network configuration to all SSs. 

Fig. 5: The IEEE 802.16 mesh frame structure.

Network Entry and Synchronization:

Since 802.16 is a collision-free, TDMA based protocol, careful network entry is required to ensure that
new nodes do not disrupt TDMA transmissions that are already scheduled. The 802.16 mesh network entry
procedure specifies the stages of entry for the new node and logically channels the nodes to access during the
entry procedure as shown in Figure 6. Initially, a node wishes to enter the network (candidate node)
synchronizes itself to the frame boundary by listening to MSH-NCFG packets from the nodes already in the
network. When the candidate node is synchronized to the frame boundary, it can use the basic channel to start
the network entry procedure. The candidate node selects the first mesh router it receives during the two
consecutive MSH-NCFG packets from its sponsor node. 

The role of the sponsor node is to be an intermediary between the candidate node and rest of the mesh
network, by allocating a part of its reserved data channel as a special sponsor channel for the candidate node.
The candidate node transmits a MSH-NENT packet to the potential sponsor node, indicating that it wishes to
enter the network. The sponsor node checks the credentials of the candidate node, received in the MSH-NENT
packet, and if the node decides to become a sponsor, it transmits a sponsoring confirmation in one of its MSH-
NCFG packets. The sponsoring confirmation includes the range of transmission opportunities that the
sponsoring node assigns to the candidate node during its network entry. The candidate node uses the sponsor
channel to authenticate itself with the BS. After the candidate node is authenticated, it can start using the
broadcast channel to transmit its MSH-NCFG and scheduling messages, so it closes the sponsoring channel
with the final MSH-NENT packet in the basic channel.

Network synchronization is achieved with MSH-NCFG packets. MSH-NCFG packets are broadcasted
regularly and each packet includes a summary of a two-hop neighbourhood for the node. As a part of the
neighbour information, nodes transmit their propagation delay estimates for each neighbour. Each MSH-NCFG
packet also includes the number of hops from the sending node to the BS. Given the timing information in
the MSH-NCFG packets, the nodes can synchronize with the BS. Each node synchronizes to MSH-NCFG
packets from the neighbour closest to the BS, and can use the propagation delay estimate from the
synchronizing node to itself to adjust its timing to match the network timing (Djukic, P. and S. Valaee, 2007).
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Fig. 6: States of 802.16 network entry (Djukic, P. and S. Valaee, 2007).

Enhancing Distributed Routing Mechanisms:

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. We will discuss following issues associated with distributed routing
in details.

Robustness Issue: 

Ntlatlapa in (Ntlatlapa, N., 2008) focused on the potential of the IEEE 802.16 mesh mode and proposed
a routing algorithm that is suitable for coordinated distributed scheduling. The algorithm presented is an
adaptation of a simple approach to routing called Better Approach to Mobile ad hoc Networking (BATMAN)
for 802.16 wireless mesh networks. BATMAN does not maintain the full route to the destination, each node
along the route only maintains the information about the next link through which you can find the best route
as shown in Figure 7. However, the objective of this project (Ntlatlapa, N., 2008) is to maximize the
probability of delivering a message. The metric used in the routing algorithm is packet count; counting the
number sampling packets from a sender that has passed through an intermediate neighbour node to reach the
destination node. The algorithm checks that each link is bidirectional and uses the packet count as a metric
on the downlink direction only. The route that is chosen is the one with the highest number of sampling
messages received in that window.

Fig. 7: Example of Routing tree for node 5. 

QoS Provisioning Issue:

Kim in  (Min Kim, I.R., Jisang Yoo, 2008) proposed QoS Mesh routing protocol for IEEE 802.16 based
wireless mesh networks. QoS Mesh Routing Protocol proposed in this paper is a proactive hop-by-hop QoS
routing protocol as an example shown in Figure 8 and Figure 9. In hop-by-hop routing algorithm, every node
maintains a routing table that indicates the next hops for routes to all other node in Networks which is useful
only for the distributed scheduling.
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Fig. 8: Example of Routing Table Calculation (Min Kim, I.R., Jisang Yoo, 2008).

Fig. 9: QoS Information for 2-hop path calculation (Min Kim, I.R., Jisang Yoo, 2008).

In  (Min Kim, I.R., Jisang Yoo, 2008), Chieh proposed a routing method using Shortest Widest Effective
Bandwidth (SWEB) that is in IEEE 802.16 coordinated distributed mesh mode. In the routing method using
Shortest SWEB that is considered three parameters: packet error rate, capacity over the link and the hop count,
from the source to the destination. The packet error rate can be retrieved by the exchanging of MSH-DSCH
messages, which is associated with a unique sequence number. The lost or error MSH-DSCH messages can
be detected. The link capacity can be also known by the burst profile indicated in the MSH-NCFG messages.
In MSH-NCFG messages, the hop count for a station to base station is also given.

Enhancing Centralized Routing Mechanisms:

In centralized routing, a BS determines path for all the SSs in a centralized manner like PMP mode, and
traffics from or to the BS can be relayed by other SSs through a multi-hop route which is different from PMP
mode.

Robustness Issue:

In (Shetiya, H. and V. Sharma, 2005), the author presented algorithm for routing in the IEEE 802.16 mesh
mode. At the beginning he fixed the routing, which reduced the network to a tree, using the shortest path
routing to find the best route for each node. The shortest path routing always produce a lot of congestion in
the network because all the nodes will try to choose the same shorter route and results in unbalanced network.

In (Chen, L., Y.T.D. Wang, 2006), a routing path construction is developed. Figure 10 shows that this
work has taken traffic loads of SSs, and the hop-count into account, during the routing construction. The path
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construction used a bottom-up fashion such that each SS with the largest hop count to the BS will be first
attached to its neighbours which have less or equal hop count. Then the SS which has the minimum data
traffic will be chosen as the parent node of SS. If there are several SSs with the same minimum data traffic,

the SS with smaller or equal hop count has a higher priority. This routing algorithm may produce long links
with high interferences because SSs may choose the neighbours with same hop-count.

Fig. 10: The system model at BS (Chen, L., Y.T.D. Wang, 2006).

The author in (Yang Cao, Z.L., Yi Yang, 2006) proposed multi-path routing in WiMAX mesh network;
BS can choose a route for each node according to interference, data traffic, and traffic class. Taking all their
parameters into account, and multiplying all them, the route with the least result value will be chosen. The
framework of cross-layer design can shows in Figure 11.

Fig. 11: Framework of Cross-layer Design (Yang Cao, Z.L., Yi Yang, 2006).

QoS Provisioning Issue:

To provide QoS guarantees, the authors will need to reserve resources along the path. This is possible only
if they do not change the route of a connection unless it is absolutely necessary. Based on these, (Shetiya H.
and V. Sharma, 2005) proposed a fixed routing algorithm which may work well for both real as well as data
traffic. Figure 12 shows the shortest path routing algorithms such as Dijkstra=s or Bellman-Ford. The algorithm
presented has a shortest path between SSs and mesh BS and this path remains fix for all the traffic. Due to
fixed path, reservation of resources is possible and hence QoS guarantees can easily be provided. Thus, if the
link failure occurs or route degrades considerably, which is reasonably high in wireless medium, the routing
will fail. Authors do not mention any mechanism to handle such link failure. However, recomputing the routing
tree may solve this issue.

Collision Avoidance Issue:

The increase in number of nodes in WiMAX network means that more subscribers are working with the
same channel. This will lead to interference. This is the major issue in WiMAX communications and many
works had done to resolve this issue. Jian Tao (2005) designs a concurrent transmission algorithm to promote
slot resource reuse and constructs adjustment routing path. According to the routing algorithm, all the SSs
maintain a routing path whose root is BS and children are SSs based on the interference parameter as in Figure
13.
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Fig. 12: Network used in simulations and shortest path routing.
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In order to minimize interference, the entering SS should select a parent node with minimal interference
(minimal number of neighbouring nodes) along the path to the BS, but after a new SS entering the network,
the interference value on the path of neighbour SSs in the network may be changed. The entry order affects
the construction of routing path such that the affected SSs may need to select parent node one more time. The
limitation of routing algorithm is that whenever a new SS enters the network, it might change the interference
value of other SSs and hence affected SSs again when selecting their parent node. This might again change
the interference value of other nodes and again the parent node selection process, which leads to infinite
looping, so the real bottleneck of the network is not reflected. Thus this algorithm will not result in throughput
enhancement if such problems are not handled properly. 

Fig. 13: Link interferences in routing tree (Jian Tao, F.L., Zhihui Zeng, Zhangxi Lin, 2005).

Fu (2005) investigate the slot reuse in IEEE 802.16 mesh networks, proposing a routing algorithm taking
into account the interference in wireless environment to achieve maximum slot reuse hence to increase the
overall network throughput. The collision metric to model the interference was defined as in Figure 14. The
collision metric indicates the number of interference links. The new node selects the sponsoring SS with the
minimum collision metric value. Note that the author in the interference model requires only the receiver to
be free of interferences, and considering three hops distance from node to other to be active simultaneously
(to be free of interferences) but it is may be two or three hops enough to be free of interferences and to get
the maximum slot reuse. 

Fig. 14: An illustration of the routing algorithm (Liqun Fu, Zhigang Cao and Pingyi Fan, 2005).
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Wei et al. (2005) has proposed an interference-aware routing algorithm for IEEE 802.16 centralized mesh
network. They proposed an interference-aware research framework to improve spectral utilization through the
slot reuse. Using the framework they introduced an interference aware route construction algorithm to improve
the network throughput by selecting routes with minimal interference to existing nodes along the path to the
BS as shown in Figure 15. The objective is to increase throughput of a wireless mesh network by reducing
interference from multiple nodes accessing the wireless medium, a major limiting factor of wireless
communications today. However, in this work the routing scheme has some limitation in which it only
considers the number of blocking nodes, i.e. the number of neighbouring interferences nodes as routing metric.
The number of blocked nodes does not provide the real picture of interference in the network.

Fig. 15: An example of blocking metric: (a) B(k)  = 15 and (b) B(k) = 13.

In Interference-Aware routing (Hung-Yu Wei, S.G., R. Izmailov, 2005), the authors considered only a
blocking metric of a route. To overcome this limitation, (Fanchun Jin, Amrinder Arora,  2008) extended this
idea, by taking the number of packets into account by defining the blocking metric of a node d to be the
number of blocked nodes multiplied by the number of packets at the node d. Hence the modified blocking
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metric for a node d is: B(k) = (Number of nodes blocked by d) H (number of packets at d). Finally the path
with the minimum blocking metric is selected as shown in Figure 16.

   
Fig. 16: An example of : (a) B(k)  = 34 and (b) B(k) = 21.

Ghiamatyoun (2007) presented routing path construction algorithms for multi-channel WiMAX networks.
For each node, the author defines a degree function which shows the total number of neighbouring nodes that
interfere with the desired SS through interference links. In the first algorithm, any node which is joining the
network simply chooses the neighbour with the smallest degree, among all its neighbours, as its parent. In the
second algorithm the metric is same as in (Hung-Yu Wei, S.G., R. Izmailov, 2005). 

In this algorithm, each SS first determines the route which connects each of its neighbouring node to BS.
The sum of the degree functions of all nodes that reside on a route is termed the route-degree. Figure 17
shows that for each SS to choose its parent, it chooses the neighbour which renders the smallest route degree
between all other neighbouring nodes. In fact, the route degree metric is the sum of the degree metrics of the
parent nodes. In the third algorithm, where each SS has multiple routes through separate nodes to the BS, and
SS can connect to any node has a smaller minimum hop count or the same hop count as its corresponding SS.
After this, the node link with maximum flow is selected to connect SS to BS. 

Du (2007), Wang (2008) and Bo (2007) construct a routing path in a width-first fashion which they first
choose the BS as the new routing path=s root node before using the algorithm to construct the routing path
by selecting the neighbouring node with the smallest node ID number as its parent node. This routing path
produces a lot of interferences in the network because all the nodes may chose the same node with least ID
number from the neighbouring node. 
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Fig. 17: A child node chooses a parent (Ghiamatyoun, A., M. Nekoui, 2007).

Peng  (2006) proposed routing algorithm with multi-radio multi-channel system based on the mesh
extension of IEEE 802.16. Random path generation is the way to construction scheduling tree, in which a route
is randomly selected in the topology. The using of multi-radio multi-channel will let all the neighbours of the
source node and the destination node to be free of interferences which mean it can transmit or receive at same
time. However, the transmitters in the neighbourhood of the receiver have to remain silent (blocked). The
author of this paper used multi-radio system which adds extra cost and hardware complexity to the wireless
networks system. This may also due to the existence of a lot more interference in his proposed system.

In (Mehmet S. Kuran, G.G. Tuna Tugcu, 2008), the authors proposed the routing tree construction; the
first parent node in the tree is selected without any other parameters. Note that there is no load balancing in
the network because all the nodes will choose the first parent node from the neighbouring node. The authors
in (Xu-Yajing, L.Z.T.,  2007) have studied the impact of interference traffic on transmission performance in
IEEE 802.16 mesh network. A routing algorithm based on minimum interference traffic is proposed. On the
principle of minimum interference traffic per node, if new node entering the system, it will choose the parent
node whose is minimal interference to construct routing path, but the network flow changes with time,
therefore any node entered the system will affect the flow, so all the leaf nodes will reconstruct the routing
path every time when any node enter the system as in Figure 18. This interference traffic does not reflect the
actual interfaces in construction of routing path and the reconstruction of the routing path may suffers from
indefinite looping because every time the leaf node will choose new route and will affect all the leaf
neighbours to reconstruct the route. This work is similar to the one of Ghiamatyoun (2007) but considers the
reconstruction of the routing path when any node enters the system.

In (Peng, M., Y. Wang, W. Wang, 2007), a tree-type routing construction algorithm is presented to
improve the network throughput by jointly considering interference and hop-count to construct the routing path.
In the routing algorithm, at the beginning of the network operation, the BS chooses its entire neighbour nodes
as the first level of the wireless routing tree. Then the nodes on the system, respectively, select their children
nodes from their own neighbours, which has the minimum neighbour degree. This work is same as Wei's
(2005) but considering the hop-count with interferences parameter. The results suggest that the performance
does not improve significantly in terms of total transmission time.

The authors in (Fanchun Jin, A.A., 2007) considered the problem of maximizing the system throughput
in IEEE 802.16 broadband access networks with mesh topology through the routing and packet scheduling
problem, considering a linear chain network. In the routing algorithm, the authors presented two novel routing
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algorithms (Maximum Parallelism Routing and Min Max Degree Breadth First Search (BFS) Tree), and also
presented a generalized version of a known algorithms (routing in (Hung-Yu Wei, S.G., R. Izmailov, 2005),
routing in (Jian Tao, F.L., Zhihui Zeng, Zhangxi Lin, 2005), modifies (Jian Tao, F.L., Zhihui Zeng, Zhangxi
Lin, 2005) through consider the number of packets in collocation and random routing tree). The authors
observed that the Maximum Parallelism Routing algorithm performs significantly better than other known
routing algorithms. It performs slightly better than other routing algorithms presented in [30]. Min Max Degree
BFS tree routing algorithm also performs better than previously known routing algorithms, and only slightly
worse than Maximum Parallelism Routing algorithm.

Fig. 18: Interference model of routing tree.

Comparison of the Routing Mechanisms:

Various routing algorithms for IEEE 802.16 mesh networks with motivation behind the designing of the
routing algorithms and an overview of the routing algorithms were presented. Also highlighted were the
limitations associated with them. In table 1, the comparison/summary of enhancing the distributed routing
mechanism algorithms are shown. 

Table 1: Enhancing the distributed routing mechanism
Objective Issue Advantages limitations

Ntlatlapa (2008) To maximize the Robustness The route that is chosen is the BATM AN does not m aintain the full 
 probability of delivering one with the highest number of route to the destination
a message sampling messages received in 

that window
Kim (2008) To get optimal routes QoS provisioning This routing outperforms it is difficult to apply the on-dem and 

that satisfies QoS QOLSR in terms of end-to-end  routing protocol to QoS routing 
requirements  delay, packet delivery ratio protocol

and routing overhead
Chieh (2007) To guarantee the delay  SWEB is applied in static SWEB cause unbalanced network. 

requirements of real-time routing environment and yields
traffics, and avoid the good throughput and delay
starvations of low priority
traffics.

As earlier described, Ntlatlapa (2008), Kim (2008) and Chieh (2007) attempted to improve the distributed
routing algorithm in IEEE 802.16 mesh network. Ntlatlapa (2008) chosed the route algorithm with highest
number of sampling message to maximize the probability of delivering message but this algorithm did not
maintain the full route to destination. Kim (2008) and Chieh (2007) tried to enhance the distributed routing
by considering the QoS. Kim (2008) tried to enhance the routing performance in term of end to end delay but
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this algorithm is difficult to apply the on-demand routing protocol to QoS routing protocol. Also, Chieh (2007)
applied SWEB routing to enhance the delay and throughput in WiMax mesh network. However, the unbalanced
network problem in (Tzu-Chieh Tsai, C.Y., 2007) does not reduce the delay when compared with the result
in (Min Kim, I.R., Jisang Yoo, 2008).  

Tables 2 and 3, present the comparison/summary of enhancing the centralized routing algorithms. As
shown in these tables many work have been done to enhance the system performance in term of centralize
routing algorithms. As earlier described, Harish (2006), Chen (2006), Yang Cao (2006) and Harish (2005)
attempted to improve the centralized routing in IEEE 802.16 WMN. Harish (2006) and Harish (2005) consider
a shortest path routing for both real and data traffic to maximize the network throughput. This consideration
caused unbalanced network which increased the delay in the network. Chen (2006) and Yang Cao (2006) used
different routing algorithms to provide balanced network which increased the system performance but the
algorithm that used by (Chen, L., Y.T.D. Wang, 2006) produce long link with high interference. The
Interference in mesh network was the major problem that reduced the system throughput. Yang Cao (2006)
improved the network throughput by considering a load balance metric, spatial reuse and QoS guarantee but
this algorithm was based on multi path which is out of IEEE 802.16 standard and increased the delay in the
network.

Table 2: Enhancing the centralized routing mechanism
 Objective Issue Advantages limitations
Harish (2006) M aximizing the network Robustness  Route is fixed for both real The shortest path routing always

throughput within the and data traffic produce a lot of congestion and cause
framework  unbalanced network.

Chen (2006) To study how to exploit Load balance Spectral reuse scheduling and This routing algorithm  m ay produce 
spectral reuse through routing load-aware routing significantly long links with high interferences
routing enhance the network throughput b e c a u s e  S S s  m a y  c h o o s e  t h e

neighbours
performance  with same hop-count.

Yang Cao (2006) To improved the This algorithm greatly improves The reconstruction of the routing 
network throughput the network throughput and path may be will suffers from the

load balance, spatial reuse and loops 
QoS guarantee are synthetically 
considered. 

Harish (2005) To provide QoS QoS provisioning Route is fixed for both real and Link failure is not handled, 
guarantees to real  data traffic, shortest path reconfiguration of routing tree is
and interactive data between SS and M BS required
applications

In table 3, it is shown that the collision avoidance has a major issue in WiMAX communications and
many works have been done in this to resolve this issue. Jian Tao (2005) proposed routing algorithm in order
to minimize link interference and to enhance the system throughput. The algorithm in (Jian Tao, F.L., Zhihui
Zeng, Zhangxi Lin, 2005) introduced multi path routing which led to infinite looping. The algorithm in (Liqun
Fu, Zhigang Cao and Pingyi Fan, 2005) achieved better overall network and higher spectral efficiency but the
author did not discuss the traffic of interference links which will influence the transmission efficiency in mesh
mode. The authors in (Hung-Yu Wei, S.G., R. Izmailov, 2005) and (Fanchun Jin, Amrinder Arora,  2008)
considered interference-aware to increase the utilization of WiMax mesh through appropriate design of multi-
hop routing. Fanchun (2008) increased the number of packet in his algorithm which resulted in a better
enhancement than that of Wei et al (2005). Increasing the number of channels proposed in (Ghiamatyoun, A.,
M. Nekoui, 2007) which aimed to improve the network throughput but does not improve significantly in terms
of total transmission time. Peng DU (2007), Jun Wang (2008) and Bo Han (2007) eliminated the primary and
secondary interference by taking special considerations on fairness, channel utilization, transmission delay and
increased the throughput but these algorithms used short path routing which caused unbalance network. Mugen
Peng (2006) and Mehmet (2008) achieved a better system throughput in IEEE 802.16 MWN which used multi-
radio. Multi-radio system adds extra cost and hardware complexity to the wireless networks system but this
cost is negligible compared to the enhancement achieved in the system. In (Xu-Yajing, L.Z.T.,  2007), (Peng,
M., Y. Wang, W. Wang, 2007) and (Fanchun Jin, A.A., 2007), the authors proposed routing tree algorithms
to enhance the throughput in the system. All these algorithms did not achieve efficient throughput in IEEE
802.16 WMN.
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Table 3: Enhancing the centralized routing mechanism based to collision avoidance
Objective Issue Advantages limitations

Jian Tao (2005) M inimizing link Collision Concurrent transmission The process of entering and 
interference avoidance promotes spatial reuse, adjusting may lead to infinite 

 which increases the looping and toggling between two
end-to-end throughput  fathers

Fu (2005) To achieve better overall The spatial reuse can make Authors have not discussed the 
network throughput and  transmission simultaneously traffic of interference links which 
higher spectral efficiency. in the same channel without a will influence on transmission efficiency

collision.  in M esh mode. 
Wei et al (2005) To increase the utilization Higher throughput, spatial reuse The number of blocked nodes does 

of WiM ax mesh through and higher spectral efficiency not provide the real picture of
appropriate design of interference in the network.
multi-hop routing

Fanchun (2008) To maximize the Considers the traffic Several tree reconfigurations lead to
throughput by characteristics i.e. number of extra overhead
maximizing parallelism packets at each node along with

 the blocking metric
Ghiamatyoun To improved the Increasing the number of The performance does not improve
(2007) network throughput channels for a constant number significantly in terms of total

of per node radios.  transmission time.
Peng DU (2007) To eliminate the secondary Taking special considerations This routing path produces a lot of 
Jun Wang (2008)  interference for reducing on fairness, channel utilization, interferences in the network because
Bo Han    (2007) the length of scheduling, transmission delay and Increase all the nodes may chose the same 

 reduce delay and improve the throughput node with least ID  number from the
throughput  neighbouring node. 

M ugen Peng To improved the network The normalized overall This routing used multi-radio 
(2006)  throughput system throughput will be which adds extra cost and

improved a  lot and will hardware complexity to the 
be not dependent on  wireless networks system
 the number of nodes.

M ehmet (2008) To improves the systems This mechanism temporarily M ulti radio system adds extra cost 
carrying capacity and uses the intranet traffic part of and hardware complexity to the
decreases the delay of the network in such scenarios wireless networks system. Also, 
the congested nodes and to carry the excess Internet is no load balancing in the
number of dropped packets traffic. It strictly abides by the network 

IEEE 802.16 standard and can 
be implemented without any change
 in the standard both in BS and Sss.

Xu-Yajing (2007) To enhance the  This mechanism did not change This interference traffic does not 
throughput of system.  the IEEE 802.16d standard. reflect the actual interfaces in

It can adjust network topology construction of routing path and the
with the change of flow, reduce reconstruction of the routing path
the interference among the links, may be will suffers from the loops
and make traffic of entire M esh 
network load balance.  

M . Peng (2007) To improve the Collision Considering the hop-count Considering only interference is not
network throughput by  avoidance with interferences parameter  sufficient for good routing and
jointly considering scheduling algorithms. The traffic
interference and hop- conditions must also be utilized, and
count to construct the the routing should be recomputed
routing path even if there is no change in the

 network configuration.
Fanchun (2007) To enhance the The algorithm take both the performance may not improve 

throughput of system. interference and traffic conditions significantly in terms of total
into account and it use known transmission time. 
optimal solutions for the 
chain topology

Conclusion: 

In this paper we have reviewed a lot of routing protocols for WiMAX based Mesh networks. Routing in
WiMAX is an active area of research in which many schemes have been proposed which in trying to increase
throughput, minimize delay and provide more robustness over wireless channel. The problems of routing
algorithms for Mesh mode is left unsolved. Routing algorithms for WiMAX networks are outside the scope
of the standard work as well. The issues associated with routing protocols based on current literatures were
summarised. It is observed that the Multi-Radio routing algorithm which consider spatial reuse, concurrent
transmission, number of hops, fairness and balanced network achieved the best throughput in the IEEE 802.16
system.
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