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Abstract: In this paper we study the different layers and routing protocols in wireless mesh network.Wireless mesh networks (WMNs) consist 

of mesh routers and mesh clients, where mesh routers have minimal mobility and form the backbone of WMNs. They provide network access for 

both mesh and conventional clients. The integration of WMNs with other networks such as the Internet, cellular, IEEE 802.11, IEEE 802.15, 

IEEE 802.16, sensor networks, etc., can be accomplished through the gateway and bridging functions in the mesh routers. Mesh clients can  

be either stationary or mobile, and can form a client mesh network among themselves and with mesh routers. WMNs  

are anticipated to resolve the limitations and to significantly improve the performance of ad hoc networks, wireless local  

area  networks  (WLANs),  wireless  personal  area  networks  (WPANs),  and  wireless  metropolitan  area  networks  

(WMANs). They are undergoing rapid progress and inspiring numerous deployments. WMNs will deliver wireless ser- 

vices for a large variety of applications in personal, local, campus, and metropolitan areas. In this paper we present the different layers and 

protocols of wireless mesh networks i.e. physical layer, MAC layer, network layer, transport layer and application layer. In this paper we also 

discuss about the protocols for network management. 
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I. INTRODUCTION 

As various wireless networks evolve into the next generation to 

provide better services, a key technology, wireless mesh 

networks (WMNs) [1], has emerged recently. In WMNs, nodes 

are comprised of mesh routers and mesh clients.  Each node 

operates not only as a host but also as a router, forwarding packets 

on behalf of other nodes that may not be within direct wireless 

transmission range of their destinations. A WMN is dynamic- 

call self-organized and self-configured, with the nodes in the 

network automatically establishing and maintaining mesh 

connectivity among them-selves (creating, in effect, an ad hoc 

network). This feature brings many advantages to WMNs such as  

low up-front cost, easy network maintenance, robustness, and 

reliable service coverage.  

Researchers have started to revisit the protocol design of 

existing wireless networks, especially of IEEE 802.11 

networks, ad hoc networks, and wireless sensor networks, 

from the perspective of WMNs. Industrial standards groups 

are also actively working on new specifications for mesh net- 

working. For example, IEEE 802.11, IEEE 802.15, and IEEE 

802.16 all have established sub-working groups to focus on 

new standards for WMNs. In this paper recent advances in 

protocol design  for  WMNs  are  investigated where  protocols  

on both  data  and  management  

planes are covered and challenging research issues in all these aspects 

are discussed. Several test beds and implementation practice of 

WMNs are presented. 

 

II. PHYSICAL LAYER 

Physical layer techniques advance fast as RF and circuit design 

for wireless communications evolve. Most of existing wireless 

radios are able to support multiple transmission rates by a 

combination of different modulation and coding rates 

. With such modes, adaptive error resilience can   be   provided   

through   link   adaptation. It should be noted that under a 

frequency selective fading environment, a link adaptation 

algorithm cannot take signal-to-noise ratio (SNR) or carrier-to-

interference ratio  (CIR) as a single  input  from  the  physical  

layer,  because SNR or CIR alone does not adequately describe 

the channel quality .In  order  to increase  the  capacity  of  

wireless networks, various high-speed physical techniques have  

been  invented.  For example, orthogonal frequency multiple 

access (OFDM) has significantly increased the speed of IEEE 

802.11 from11 Mbps to 54 Mbps. A much higher transmission 

rate can be achieved through ultra-wide band (UWB) 

techniques. However, UWB is only applicable to short-distance 

applications such as wireless   personal area networks 

(WPANs).  If a transmission speed as high as that of UWB is 

desired in a wider area network such as WLANs or  

WMANs, new physical layer   techniques   are needed. 
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In order to further increase capacity and mitigate the 

impairment by fading, delay-spread, and co-channel interference, 

multiple-antenna systems have   been   used   for   wireless   

communication. Considering communications between  

nodes A and B. Node A is assumed to have M antennas for 

transmission and N antennas for  reception, while in node B there 

are K antennas for  transmission  and  L  antennas  for  reception. 

Different values of M, N, K, and L result in various 

multiple-antenna systems.  If multiple antennas  

are in the receiver but single channel in the transmitter (i.e., K = 

1, M = 1and either    L > 1 or > 1), techniques such as antenna 

diversity and adaptive/smart antennas can be used for a 

multiantenna system.  They have been proposed for point-to-

multipoint one-hop cellular networks. Antenna diversity is 

based on the fact that signals received from uncorrelated antennas 

have independent fading. Thus, it has high probability that at 

least one good signal can be received at the receiver. Antenna 

uncorrelation is usually achieved through space, polarization, or 

pattern diversity and the processing technologies for diversity 

include switch diversity, equal gain, and maximum ratio 

combining.  When strong interferences present, diversity 

processing alone is insufficient to receive signals with high 

quality. To resolve this issue, adaptive antenna array processing is 

used to shape the antenna beam form so as to enhance the desired 

signals while to nullify the interfering signals. The technique for 

adaptive antenna process- 

in is called optimum combining. It assumes that part 

information of the desired signal can be ac- 

quirked through a training sequence. 

Antenna  diversity  and  smart  antenna  techniques are  also  

applicable  to  WMNs  and  other ad hoc networks. However, 

their performance in WMNs or any other ad hoc networks needs 

more evaluation. Examples of analyzing smart antenna systems 

for MANETs are reported in [11]. Due to complexity and cost, 

a fully adaptive smart antenna system is only used in base stations 

of cellular networks.  On-going  research  and  development  

efforts  are  still  needed  to  implement  fully  

adaptive smart antenna system in a mobile terminal. For WMNs, 

low-cost is a challenging issue. As a consequence, directional 

antennas have been actively researched in the area of ad hoc 

networks. A mechanically or electronically steerable or  

switched directional antenna system can be tuned to a certain 

direction. By using directional transmission, interference 

between network nodes can be mitigated and thus, network 

capacity can be improved. Directional antenna can also improve 

energy efficiency. However, directional  

antennas bring challenges to the MAC protocol design].If 

multiple antennas are in the transmitter and  

single  antenna  in  the  receiver,  i.e.,  N = 1 , L = 1 and either K > 

1 or  M > 1, antenna diversity or smart antenna cannot be 

applied unless the channel state information (CSI) is available. 

However, usually partial information of channel state is  

available at the transmitter. To achieve diversity under this 

situation, a commonly used technique is  space-time  coding 

(STC)  [12],  where  signals transmitted at different antennas in 

different symbol  periods  are  processed  with  a  certain  coding  

technique. The received signals are then combined at the receiver 

through an appropriate algorithm such as maximum likelihood 

detection (MLD). STC is a promising technique that achieves 

second order   diversity   without   bandwidth   expansion .To 

date, if CSI is not available; no solution has been developed yet 

for smart antennas at a transmitter. Schemes such as still assume 

that CSI is perfectly known. If multiple antennas are in both the 

transmitter and the receiver, i.e., M > 1, L > 1 or K > 1, N > 1, 

the multiple-antenna system is an MIMO system,  

where both diversity and simultaneous transmissions exist. 

Thus, MIMO can potentially increase the system capacity by 

three times or even more. Currently MIMO is being adopted 

into IEEE 802.11n. Depending on where the MIMO processing 

is placed, MIMO systems can be cat ego- 

razed into three types:  receiver processing only, transmitter 

processing only, and both transmitter and receiver process 

MIMO systems. The processing techniques can be based on 

maximum likelihood detection (MLD), vertical Bell Lab Layered  

Space-Time (V-BLAST),   singular   value decomposition (SVD) 

[7], and space-time coding. So far only few results have been 

reported on the research of applying STC and MIMO to 

WMNs as well as other ad hoc networks. Since multiple 

channels are usually available in the frequency band of a wireless 

radio, they can be used to increase the capacity. A single-

transceiver radio can use different channels by channel switching  

on  the  time  axis  according  to  the  needs  of higher  layer  

protocols.  For a multi-transceiver radio, simultaneous 

transmissions in different channels can be supported. Multiple 

transceivers can be easily implemented in a base station of cell- 

lunar networks. However, with the concern of cost and system 

complexity, a wireless radio with multiple  transceivers  has  not  

become  a  mature  technique  yet,  although  IEEE  802.11  

chipsets  with multiple transceivers are already available. In 

some situations, the system capacity of a network node can be 

improved by using multiple radios each with single or multiple 

channels. Since each radio contains both MAC and physical 

layers, in order to make a multi-radio network work as a 

single node, a virtual MAC protocol is usually required to 

coordinate the communication in all radios [3]. 

For a wireless network, the frequency band is a very precious 

resource. However, many of existing allocated frequency bands 

(licensed and unlit- censed) has not been utilized efficiently. 

Measurements by the FCC show that around 70% of allocated 

spectrum is not utilized. In addition, the time scale of spectrum 

occupancy can vary from milliseconds to hours. Therefore, 

abundant spectrum is still available for wireless communication. 

Furthermore, in a large scale ad  

hoc  network,  the  complexity  is  beyond  human planning, 

and thus, conventional static frequency planning  becomes  

impossible .To  achieve much better spectrum utilization and 
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viable frequency planning, frequency agile or cognitive radios  

are  being  developed  to  dynamically capture this unoccupied 

spectrum. The FCC has recognized the promising future of this 

technique and pushes to enable it to a full realization. In 

order to implement cognitive radios, software de-fined radio 

(SDR) is one of the most convenient  

platforms because programmability exists in all components of a 

radio such as programmable RF bands, channel access modes, and 

channel modulations. SDR is not a mature technique yet, 

although test beds are available now .However, for the long 

term, SDR will be a key technique for wireless 

communications. It cannot only realize the cognitive radios, but 

can also easily  implement  all  other  advanced  physical  

techniques such as adaptive modulation and coding, MIMO  

system,  controller  for  smart  and  

directional  antennas,  multi-channel  radio,  and multi-radio 

systems. 

 

III. MAC LAYER 

3.1. Single-channel MAC: There are three approaches in this 

case: 

• Improving existing MAC protocols.  Currently several  MAC  

protocols  have  been  proposed  for  multi-hop  ad  hoc  networks  

by  enhancing  the CSMA/CA protocol [13]. These schemes usually 

adjust parameters of CSMA/CA such as contention window size 

and modify back off procedures. They may improve 

throughput for one-hop communications. However, for multi-

hop  cases  such  as  in  WMNs,  these  solutions still reach a 

low end-to-end throughput, because  

they  cannot significantly reduce the probability  of 

contentions  among  neighbouring  nodes. As   long   as   

contention   occurs   frequently, whichever method is taken to 

modify back off and contention resolution procedures, the end- 

to-end throughput will be significantly reduced due to the 

accumulating effect on the multi-hop path. 

• Cross-layer design with advanced physical layer techniques: 

Two major schemes exist in this category:  MAC  based  on  

directional  antenna and  MAC  with  power  control  [16].The  

first  set  of  schemes  eliminates  exposed  

nodes if antenna beam is assumed to be perfect. However, due to 

the directional transmission, more hidden nodes are produced 

in this case. Thus, new solutions must be developed to reduce 

the number of hidden nodes. Moreover, MAC protocols based 

on directional antennas also face other difficulties such as cost, 

system complexity, and practicality of fast steerable directional 

antennas. The second set of schemes is developed for the purpose 

of reducing power consumptions].   These   schemes reduce 

exposed nodes problem, especially in a dense network, and thus, 

improve the spectrum spatial-reuse factor in WMNs [2].  

However, hidden nodes still exist and may become worse because 

lower transmission power level reduces  

the possibility of detecting a potential interfering node. 

• Proposing innovative MAC protocols. In order to 

fundamentally resolve the issue of low end-to-end throughput 

in a multi-hop ad hoc environment such as WMNs, innovative 

solutions are necessary. Determined by their poor scalability in 

an ad hoc multi-hop network, random access protocols such as 

CSMA/CA are not inefficient solution. Thus, revisiting the 

design of MAC protocols based on TDMA or CDMA  

is an important research topic [19]. To date, few TDMA or 

CDMA MAC protocols have been proposed for WMNs.  This 

is probably because of two factors. One is the complexity 

And cost of developing a distributed and cooperative MAC 

with TDMA or CDMA.  The other   is the   compatibility   of   

TDMA (roadman) MAC with existing MAC protocols. For 

example, in IEEE 802.16, the original MAC protocol is a 

centralized TDMA scheme. A distributed TDMA MAC for 

IEEE 802.16 mesh is still being researched. In WMNs based on 

IEEE 802.11, how to design a distributed  

TDMA MAC protocol overlaying CSMA/CA is an 

interesting but challenging problem [19].For distributed TDMA 

or CDMA MAC protocols, network self-organization based on 

topology control and/or power control must also be considered. 

3.2. Multi-channel MAC: A multi-channel MAC can be 

implemented on several different hardware platforms, which also 

impacts the design of the MAC. A multi-channel MAC may 

belong to one of the following categories: 

 • Multi-channel single-transceiver MAC:  If the cost and 

compatibility are the concern, one transceiver on a radio is a 

preferred hardware platform.  Since only one transceiver is 

available, only one channel is active at a time in each network node.  

However, different nodes may operate on different channels 

simultaneously in order to improve system capacity. To cord- 

Nate  transmissions  between  network  nodes under  this  

situation,  protocols  such  as  thematic-channel MAC in and 

the seed-slotted  channel  hopping  (SSCH)  scheme  [8]  are  

needed. SSCH is actually a virtual MAC protocol, since it works 

on top of IEEE 802.11 MAC nod does not need changes in the 

IEEE 802.11 MAC. 

•  Multi-channel multi-transceiver MAC.  In this scenario, a 

radio includes multiple parallel RF front-end chips and 

baseband processing modules to support several simultaneous 

channels. On top of the physical layer, there is only one MAC 

layer to coordinate the functions of multiple channels.  Enigma 

multi-channel wireless LAN switching engine belongs to this 

category. However, how to design an efficient MAC protocol for 

this type of physical layer platform is still an open research topic. 

• Multi-radio MAC: In this scenario, a network node has multiple 

radios each with its own MAC and physical layers. 

Communications in these radios are totally independent. Thus, a 

virtual MAC protocol such as the multi-radio unification protocol 

(MUP) [3] is required on top of MAC to coordinate 

communications in all channels. In fact one radio can have 

multiple channels.  However, for simplicity of design and  

application, a single channel is used in each radio. 
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 To  illustrate  typical  issues  existing  in  multichannel MAC 

protocols, here we HAVE two protocols  :  multi-channel  MAC 

(MMAC)[122] and multi-radio unification  protocol  (MUP)[3]. 

 

IV. NETWORK LAYER 

 

WMNs will be tightly integrated with the Internet, and IP has 

been accepted as a network layer protocol for many wireless  

networks  including WMNs. However, routing protocols for 

WMNs are different from those in wired networks and cellular 

networks. Therefore, we focus our study on routing protocols 

in this section. 

4.1. Routing protocols with various performance metrics: 

The impact of performance metrics on a routing protocol is 

studied in , where the link quality source   routing (LQSR)   is   

proposed   on   the basis  of  DSR.  LQSR  aims  to  select  a  

routing  path  according  to  link  quality  metrics.  Three  

performance metrics, i.e., the expected transmission  count  

(ETX) ,  per-hop  RTT,  and  perhop  packet  pair  are  

implemented  separately  in LQSR. 

4.2. Multi-radio routing: In WMNs, multi-radio per node may 

be a preferred architecture, because the capacity can be 

increased without modifying the MAC protocol. A routing 

protocol is proposed in for multi-radio WMNs.  A  new  

performance  metric,  called  theweighted  cumulative  expected  

transmission  time (WCETT)  is  proposed for  the  routing 

protocol. WCETT takes into account both link quality metric  

and  the minimum hop-count. It  can  achieve good tradeoff 

between delay and throughput because it considers channels 

with good quality and  channel diversity in the same routing 

protocol. 

4.3. Multi-path routing for load balancing and fault tolerance: 

The main objective of using multi-path routing is to perform 

better load balancing and to provide high fault tolerance. 

Multiple paths are selected  between  source  and  destination.  

Packets flow in one of these selected paths. When link is  

broken on a path due to a bad channel quality or  mobility,  

another  path  in  the  set  of  existing  paths can be chosen. Thus, 

without waiting for setting up a new routing path, the end-to-end 

delay, throughput, and fault tolerance can be improved.  

However, the improvement depends on the availability  of  node-

disjoint  routes  between  source and destination. 

A drawback of multi-path routing is its complexity. Whether  

or  not  the  multi-path  routing can be used for WMNs needs to 

be investigated depending  on  applications. Another problem  is  

that multi-path routing is infeasible if the shortest path is taken 

as the routing performance metric. Unless a large number of 

shortest paths are selected, load distribution is almost the same as 

single shortest path routing . Thus, how to design an effective  

multi-path  routing  protocol  with appropriate performance 

metrics is an interesting research topic. 

4.4. Hierarchical routing: 

Numerous hierarchical routing  protocols  [10] have been 

proposed in recent years. In- stead of addressing each of them, we 

describe the common principle of these routing protocols. In 

hierarchical routing, a certain self-organization scheme is 

employed to group network nodes into clusters. Each cluster has 

one or more cluster heads. Nodes in a cluster can be one or more 

hops away from the cluster head. Since connectivity between 

dusters are needed some nodes are communicate with more than 

one cluster and work as a gateway. Routing within a cluster and 

routing between clusters may use different mechanisms. For 

example, inter-cluster routing can be a proactive protocol, while 

intra-cluster routing can be on demand. 

4.5. Geographic routing: Compared to topology-based routing 

schemes, geographic routing  schemes  forward  packets  by only 

using the position information of nodes in the vicinity and the 

destination node . Thus, topology change has less impact on the 

geographic routing than other routing protocols. 

V. TRANSPORT LAYER 

To  the  best  of  our  knowledge,  no  transport protocol  has 

been  introduced  specifically  for WMNs to date, although 

several transport protocols  have  been  developed  for  both  

wired  and wireless networks in the last decade. In this section, 

we explain existing transport protocols with a focus on ad hoc 

networks, since WMNs share common features with ad hoc 

networks in spite of their differences.  

5.1. Protocols for reliable data transport: To date, a large 

number of reliable transport protocols  have  been  proposed  

for  ad  hoc  net-works.  They  can  be  classified  into  two 

types: TCP  variants  and  entirely  new  transport  protocols. 

TCP variants [9] include transport protocols that are an 

enhanced version of the classical TCP for wired networks. In 

an entirely new transport  protocol ,  the  reliable  transport 

mechanism  is  designed  from  a  fresh  start,  with an  

objective  to  avoid  fundamental  problems  in TCP. TCP is 

critically dependent on ACK, so its performance  can  be  severely  

impacted  by  network asymmetry which is defined as the situation 

where the forward direction of a network is significantly 

different  from  the  reverse  direction  in  terms  of  

bandwidth, loss rate, and latency [9]. In WMNs, TCP data and 

TCP ACK packets may take different paths, and thus experience 

different packet loss  rate, latency, or bandwidth. Even if the same 

path is taken by TCP data and ACK packets, they still face  

network  asymmetry  problem,  because  the channel condition 

and bandwidth on the path varies from time to time. 

Consequently, TCP has poor performance  for  wireless  multihop  

ad  hoc  networks [18]. 

The ad hoc transport protocol (ATP) is proposed for ad hoc 

networks. Transmissions in ATP are rate-based, and quick start is 

used for initial rate estimation. The congestion detection is a 

delay-based  approach,  and  thus  ambiguity  between congestion 

losses and non-congestion losses is avoided. Moreover, in ATP, 

there is no retransmission timeout, and congestion control and 
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reliability are  decoupled.  By  using  an  entirely  new  

set  of  mechanisms  for  reliable  data  transport, ATP achieves 

much better performance (e.g., de-lay,  throughput,  and  

fairness)  than  the  TCP variants. 

5.2. Protocols for real-time delivery: 

To  support  end-to-end  delivery  of  real-time traffic, UDP 

instead of TCP is usually applied as a transport protocol. 

However, the simple mechanism of UDP cannot guarantee real-

time delivery and may starve TCP connections in the same net-

work. Thus, additional protocols such as real-time protocol 

(RTP) and real-time transport protocol (RTCP) are needed to 

work over UDP. On top of RTP/RTCP, rate control protocol 

(RCP) is also needed for congestion control. To date, many RCP 

protocols have been proposed for wired networks. They can be 

classified  

into two types:  additive-increase multiplicative decrease 

(AIMD)-based or equation-based. However, these protocols are 

not applicable to wireless networks due to existence of packet errors 

and link failures.   Thus,   differentiation   between   losses  

caused by congestion or wireless channels need to be taken into 

account with RCP. Various loss differentiation algorithms 

(LDAs) with congestion control are studied in [14], where only 

one wireless link is considered on the path between sender and 

receiver. It is shown in [14] that the hybrid LDA is the most 

effective. However, this result may not be applicable to 

WMNs, since multiple wirelesses. 

To date, no RCP has been proposed for WMNs. In addition, no 

effective RCPs for ad hoc networks can be adopted and tailored 

for WMNs.  Thus, RCP for WMNs is a new research area. 

VI. APPLICATION LAYER 

Applications determine the necessity to deploy WMNs. Thus, it 

is always a key step to find out what  existing  applications  can  

be  supported  by WMNs  and  what  new  applications  need  to  

be developed. Since numerous applications can be supported by 

WMNs, it is infeasible to have a complete list of them. Here, 

depending on the functions for WMNs, we categorize 

applications of WMNs into several classes: 

6.1. Internet access. Various Internet applications provide 

important timely information to people, make life more 

convenient, and increase work efficiency and productivity. For 

example, email, search engine like Google, on-line actions like 

eBay, on-line purchase, chatting, video streaming, etc., have 

become an indispensable part of life. Thus, people are interested 

to subscribe the Internet. In a home or small/medium  

business  environment,  the  most  popular  network  access  

solution  is  still  DSL  or  cable modem along with IEEE 

802.11 access points. However,   comparing   with   this   

approach, WMNs have many potential advantages:  lost cost, 

higher speed, and easy installation. Therefore, Internet access will 

greatly motivate the development of WMNs. 

6.2. Distributed information storage and sharing within 

WMN:  For this type of applications, backhaul access to the 

Internet is not necessary. Users of these applications communicate 

within WMNs. A user may want to store high-volume data in 

disks owned by other users, download files from other users 

disks based on peer-to-peer networking mechanism, and 

query/retrieve information located in distributed database  

servers. Users within WMNs may also want to chat, talk on the 

video phones, and play games with each other.  To have these 

applications work at the end-users, certain protocols must exist 

in the application layer. 

6.3. Information exchange across multiple wireless networks. 

Again, this type of applications does not need backhaul access to 

the Internet. For example, when a cellular phone talks to a Wife 

phone through WMNs, no Internet is needed. Similarly, a user on a 

Wi-Fi network may expect to monitor the status in various 

sensors in a wireless sensor network. All these applications  

must be supported by new algorithms or software in the 

application layer of the end-users. 

 

VII. PROTOCOLS FOR NETWORK MANAGEMENT 

Many management functions are needed to maintain the 

appropriate operation of WMNs. 

 

7.1. Mobility management: Mobility management consists of 

two important tasks:  location and handoff management [10]. 

Location  management  handles  location  registration and call 

delivery, while handoff management is responsible for handoff 

initiation, new connection  generation,  and  data  flow  control  

for  call  handoff. The mobility management schemes developed 

for cellular [10] or mobile IP networks [11] could be useful for 

WMNs. However, the centralized scheme is generally not 

applicable on WMNs which are based on distributed and ad hoc 

architecture.  Thus, distributed mobility management is a 

preferred solution for WMNs.  Mobility management schemes 

of ad hoc networks are mainly comprised of two types:  

distributed and hierarchical mobility management. These 

schemes may not perform well for WMNs due to the specific 

features of WMNs. More specifically, the backbone of WMNs 

does not have high mobility as mobile nodes in ad hoc networks, 

but connections between all mesh routers are wireless. Mesh clients 

may constantly roam across different  

mesh routers. These features also render the mobility management 

schemes for cellular networks ineffective for WMNs. As a 

result, new mobility management  schemes  need  to  be  

developed  for  WMNs .Location service is a desired feature in 

WMNs. Location  information  can  enhance  the  performance 

of MAC and routing protocols. It can help to develop promising 

location-related applications. Proposing efficient algorithms 

for location service is still an open research topic. Mobility 

management is closely related to multiple layers of network 

protocols. The development of multi-layer mobility management 

schemes as in is an interesting topic. 
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7.2. Power management: The goal of power management for 

WMNs varies. Usually, mesh routers do not have a constraint on 

power consumption; power management aims to control 

connectivity, interference, spectrum spatial-reuse, and topology. If 

a single channel is  used  in  each  network  node,  the  interference 

among  the  nodes  directly  impacts  the  spectrum  

spatial-reuse factor. Reducing transmission power level decreases 

the interference and increases the spectrum spatial-reuse efficiency. 

However, more hidden nodes may cause performance degradation 

in MAC protocols. Thus, power manages mint schemes are 

closely coupled with MAC protocols.  Moreover, since 

connectivity affects performance of a routing protocol, power 

management is also crucial for the network layer. In contrast to 

mesh routers, mesh clients may expect protocols to be power 

efficient. For example, some mesh clients are IP phones or even 

sensors; power efficiency is the major concern for them. Thus, it is 

quite possible that some applications of WMNs require power 

management to optimize both power efficiency and 

connectivity, which results in a complicated problem 

7.3. Network monitoring: Many functions are performed in a 

network management protocol. The statistics in the MIB  

(management  information  base)  of  mesh  nodes, especially  mesh  

routers,  need  to  be  reported  to one  or  several  servers  in  order  

to  continuously monitor the network performance. Data process- 

in algorithms in the performance monitoring software on the 

server analyze these statistical data and determine potential 

abnormality. In case any abnormal symptom is detected, the 

server reacts to take responses, e.g., triggering an alarm. Based  

on the statistical information collected from MIB, data 

processing algorithms can also accomplish many other functions 

such as network topology monitoring. The network topology 

of WMNs is not always fixed due to mobility in mesh clients 

or possible failures in some mesh routers. Thus,  

monitoring the network topology is a desired feature for 

WMNs. 

 

VIII. CONCLUSION 

In this paper we study the different layers and routing 

protocols in wireless mesh network.Wireless mesh networks 

(WMNs) consist of mesh routers and mesh clients, where 

mesh routers have minimal mobility and form the backbone of 

WMNs. They provide network access for both mesh and 

conventional clients. In this paper we present the different 

layers of wireless mesh networks i.e. physical layer, MAC 

layer, network layer, transport layer and application layer. In 

this paper we also discuss about the protocols for network 

management. 
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