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Abstract— Sensors are the tiny devices which are able to 

connect to the physical world and can gather information or 

control a physical parameter in the field. To do these 

controlling and monitoring tasks sensors works together by 

forming a wireless network called as wireless sensor network 

(WSN). WSN work efficiently, if there are efficient routing 

and Media Access Control (MAC) protocols available. 

Energy efficiency is required because the sensors mostly 

operate on a small battery without any external power 

supply. As MAC layer has control over the communication 

between sensor nodes in the network, there is requirement of 

energy efficient MAC protocols. MAC protocol design for 

WSN is a challenging task because of the resource 

constraints and limited capabilities in sensor nodes. In 

literature many energy efficient MAC protocols has been 

proposed for WSN. This paper presents the classification and 

comparative analysis of energy efficient MAC protocols for 

WSN. Also, the characteristics of a good MAC protocol has 

been discussed with performance metrics for MAC in WSN. 
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I. INTRODUCTION 

There are large number of WSN applications which are 

increasing day by day, like, in defense, industrial automation 

and health care units. Sensor nodes are very small devices, 

consisting of a sensing unit, an embedded processor and a 

transceiver as shown in Figure 1. Sensor node use very 

small battery and therefore having less energy to operate. 

This energy should be utilized well in case of 

communication, sensing and calculating. Hence, there is a 

need of efficient protocols. Most of the sensor energy has 

been consumed in MAC layer and network layer. Hence, 

there is a need of MAC protocols which are able to save 

energy of the sensor nodes, so that the network lifetime 

increases.  

According to OSI model the Data Link Layer has 

been subdivide into MAC sub-layer and Logical Link 

Control (LLC) sub-layer [25]. MAC layer id responsible for 

controlling the addressing, error checking and framing of the 

data to be transmitted. In WSN same task has been 

performed by MAC layer with an additional task of energy 

saving. There are various proposed MAC protocols in past 

which are having number of advantages and disadvantages.  

In WSN, the task of saving energy done by MAC 

layer by avoiding collisions, not allowing two sensor nodes 

to transmit data packets at the same time and also this will 

reduce the number of retransmissions. Avoiding collisions 

makes the network function smoother and increase lifetime. 

In traditional networks like computer networks, MAC layer 

protocols has been designed to provide high throughput and 

QoS in the network. However, in WSN the priority must be 

given to energy efficiency than QoS requirements [24]. This 

is because if the energy is saved, the network will be 

functional for a longer time.  

If we use the traditional MAC protocols for WSN 

also, than the energy will get wasted in idle listening, 

overhead, overhearing and collisions. Hence, researcher in 

past few years are focusing on MAC protocols for WSN and 

have designed many energy efficient MAC protocols 

especially for WSN. Some of the examples are, S-MAC, T-

MAC, and D-MAC, etc. Also researchers have focused on 

maximizing the network lifetime, by implementing the 

active/sleep mechanisms for sensor nodes. 

In this paper we will discuss the MAC layer of 

WSN and provide analysis of MAC protocols available for 

WSN. Section 2 presents the requirements for MAC 

protocol in WSN. Section 3 gives the performance metrics 

used for testing the MAC protocols. Section 4 discuss the 

classification of MAC protocols for WSN. Than a table of 

comparison and discussion have been presented in section 5. 

Section 6 gives the conclusion and open research challenges 

in MAC layer for WSN. 

II. MAC PROTOCOL REQUIREMENTS 

MAC protocol research is an interesting field for those who 

are interested in wireless sensor networks. There are lots of 

improvements are needed in existing MAC protocols for 

WSN. Here in this section we are going present the 

requirements for the design of a MAC protocol for sensor 

networks [15]. 

 Balanced Data Traffic: MAC protocol should be able 

to balance the data traffic in WSN, so that each node is 

able to interact with other nodes in the network and 

keep integrity in data values. 

 Energy Efficiency: As we know sensor nodes are 

battery powered and it is difficult to recharge these 

nodes again and again. If a node has been failed than 

one must replace this node with new node. To avoid 

such situations more frequently, the MAC protocol 

must be energy efficient and able to save enough 

energy, so that the network remains operational. 

 Throughput: it can be measured as the data transmitted 

per unit time. It varies from application to application. 

Some of the applications of WSN require every kind of 

data to be processed and transmitted over wireless 

links. Such applications require a best MAC protocol 

which is utilizing the resources carefully.  

 Reliability: The data should be delivered on time and 

data integrity should be maintained. The sensed events 

must be reported to the base station and to other nodes 

in real time as soon as possible. MAC layer must 

provide a mechanism for reliable data delivery in the 

network. 

 Fault Tolerance: WSN can operate in unpredictable 

environments, like forests, rivers etc. These 

environments are unstable in nature and there can be 
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many faults occur during operation of WSN. Some 

nodes may fail to communication with other nodes in 

the network. In such situations the MAC should able to 

cope with faults in the network and keep network 

operational. 

 Objectivity: In many wireless sensor network 

applications, it is obligatory to approve that the sink 

node receives data from all sensor nodes proficiently. 

It is simply, the range of utilization of a particular 

channel. By minimizing the energy wastage, 

objectivity can be increased. 

III. PERFORMANCE METRICS FOR MAC 

In WSN to test the reliability and availability of data to all 

nodes and to the base station, there is a need of checking the 

performance of protocols. In order to test and analyze the 

performance of MAC protocols in terms of efficiency the 

following metrics has been defined in the literature [14]. 

 Delivery Ratio: This metric is used to measure the 

performance in terms of loss of data packets. Most of 

the packet losses in WSN occurs due to collisions 

during transmission of data. When the network 

performance is tested, average delivery ratio has been 

checked. Average packet delivery ratio can be defined 

as the ratio of number of packets received to the 

number of packets sent, averaged over all sensor nodes 

in the network. In WSN, large number of sensor nodes 

has been deployed over the monitoring field and hence 

each node sense data and send it towards base station. 

So, there can be large number of collisions during 

network operation. But the collisions are allowed up to 

certain threshold value and after that value packet 

losses cannot be tolerated. In latter case the 

performance of the network has been affected. Hence, 

in critical WSN applications delivery ratio is an 

important parameter to be analyzed. 

 Energy Efficiency: It can be defined as the total energy 

consumed during the transmission of a unit of data. To 

get the better energy efficiency of a protocol there is a 

need of lesser number of retransmissions of packets. 

This performance metric gets affected by all the 

sources of energy wastage in WSN such as idle 

listening, collision, control packet overhead and 

overhearing. 

 Packet Latency: Packet latency can be measured as the 

time taken by a data packet to reach sink node from the 

source node. This metric is used as major performance 

metric in all networks. Bandwidth of the network will 

be wasted if a data packet is taking more time to reach 

to base station. Average packet latency will disturbs 

the networks in both ways quality of service as well as 

reducing the lifetime of the network. 

 Network Throughput: Throughput of any network can 

be measured as the number of packets delivered per 

unit time at the destination. Throughput is an important 

parameter in measuring the performance of the 

network. MAC layer plays an important role in 

increasing and decreasing the network throughput.  

 End-to-End Delay: It is the performance metric which 

is used to measure the time elapsed during the 

transmission of data from source to destination. The 

network can tolerate delays up to certain threshold 

values and after that the network considered to be 

failed. End-to-End Delay is a good performance 

measure metric in time critical applications.  

IV. WSN MAC PROTOCOLS CLASSIFICATIONS 

MAC protocols in WSN have attracted many researchers in 

recent years. Hence, there are many protocols proposed in 

the literature. These can be grouped into two major 

classifications i.e. contention based and schedule based. 

Moreover there is another category discussed here is the 

secure MAC protocols, specially designated toward 

providing security in the network. Before going to the 

discussion about WSN MAC protocols, some traditional 

protocols must be acknowledged like ALOHA, CSMA [1], 

and CSMA/CD. In these protocols CSMA is an important 

protocol to understand.  MAC layer has been studied widely 

for traditional networks and many protocols designed in 

past. For different network scenario different MACs has 

been used in the literature. These MAC protocols are 

categorized into different groupings, like, centralized and 

distributed, single channel and multiple channel based, 

contention based and contention free and so on. Time 

division multiple access (TDMA), frequency division 

multiple access (FDMA), code division multiple access 

(CDMA), and carrier sense multiple access (CSMA) are 

classic MAC protocols that have been broadly used in 

outdated wireless networks. 

These protocols do well in wired and wireless 

networks, other than WSN. But in WSN as the resources are 

not enough, these protocols failed to perform better. There 

are certain characteristics which should be taken into 

account like node positioning, higher unpredictability of 

sensor nodes, and lesser power, computation, and memory 

constrictions. For WSN to design an efficient MAC protocol 

energy efficiency and networks scalability must be taken 

into account. Also, delivery latency, networks throughput, 

bandwidth utilization, and objectivity should also be 

considered, but are given secondary importance in sensor 

networks [16]. 

A. Carrier Sense Multiple Access (CSMA) Mechanism 

In all shared media networks it is important for MAC 

protocol to manage the successful operation of the network. 

The main task of MAC is to avoid collisions in the network 

by efficiently utilizing the channel of communication. At the 

same time it is important to fairly and efficiently utilize the 

bandwidth resources among all sensor nodes in the network. 

Hence, in WSN it is not feasible to use CSMA protocol 

directly [1], instead, it is being used with both contention 

based and schedule based protocols, to avoid high rate of 

collisions. In CSMA sensor node first listens to the channel 

for a particular time (IFS, inter frame space) and then 

follows steps given below: 

 If the channel is futile the period of IFS, the node may 

transmit the data [1]. 

 If the channel becomes by during the IFS, the node 

complies the transmission and endures to monitor the 

channel till the transmission is over [1]. 
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B. Contention based MAC Protocols 

Contention based protocols do not require special 

infrastructure to operate. These protocols depend on the 

controlled connection between sensor nodes to start 

communication links. The sensor nodes do not coordinate 

with each other to setup communication links. Nodes just try 

to access the communication channel independently similar 

to the carrier sense mechanism. Due to this mechanism there 

is problem of collisions in contention based MAC protocols 

[27]. The collisions in the network go on increasing as the 

density of the network increases. In these type of MAC 

protocols multiple sensor nodes share a common link and 

contend for this link to transmit data. Hence, there can be 

number of collisions during this process of contending for 

transmission of data packets. However, there are some 

contention based MAC protocols, which are specially 

designed to avoid large number of collisions in the network. 

Reducing the number of collisions, also reduce the number 

of retransmissions and save a lot of energy in the network. 

C. Schedule Based MAC Protocols 

As the name indicates, schedule based protocols, a schedule 

has been defined for the node to operate at right time. 

Protocol mediates medium access by finding a schedule to 

transmit, receive or active inactive. These type of protocols 

reduces the energy consumption by reducing the number of 

collisions in the network [26]. Also due to sleep/awake 

process lot of energy has been saved inside the sensor node. 

But the shortcoming of schedule based MAC protocols is 

the latency that arose due to the synchronization of 

schedule. Most of the schedule based MAC protocols uses 

local schedule synchronization which experiences the 

advances in delay of sending a frame.  

D. Secure MAC Protocol 

For many sensor networks, security is a big issue like 

military applications of WSN need high level of security 

[24]. Nodes are installed in unfriendly atmosphere, so if a 

node is seized, by using the data enclosed in that node, all 

types of attacks are possible in WSN and becoming easier 

for an attacker, and is called node cloning attack. One of the 

protocols that take care about the node capturing is LEAP. 

V. COMPARISON AND ANALYSIS OF MAC PROTOCOLS 

In Table-1 below there is a comparison has been presented 

for all categories discussed above, i.e. schedule based, 

contention based and secure MAC on the basis of 

parameters, collision, overhearing, idle listening, latency, 

scalability, node lifetime and network throughput. These 

parameters are very important to analyze the performance of 

MAC protocols. The table presents most of the popular 

protocols used in or proposed for WSN. Schedule based 

protocols do well in dense networks while the contention 

based protocols do well in small scale networks. There are 

very lesser number of secure protocols proposed in the 

literature. Secure MAC protocols provide the node and data 

security in network operation. But, the performance of 

Secure MAC protocols is not good as compared to other 

categories. 

Protocol Classification 
Collision 

Rate 

Overhearing 

Rate 

Idle 

Listening 
Latency Scalability 

Node 

Lifetime 

Network 

Throughput 

CSMA[1] Carrier sense High High High High 
Not Scalable 

for WSN 
Less Very-Low 

PAMAS[2] 
Contention 

Based 
High Low Low High Very low >CSMA 

Low 

>CSMA 

S-MAC[3] 
Contention 

Based 
High 

Low<P 

AMAS 
Low Low Very low >PAMAS Low 

Optimized 

MAC[4] 

Schedule 

Based 
High 

Very 

Low<<S 

-MAC 

Very 

Less<<s 

-MAC 

LOW 
Not 

Scalable 
>S-MAC LOW 

B-MAC[5] 
Contention 

Based 
High 

Very 

Low 
Low Low 

Scalable for 

WSN with 

Low traffic 

Good Good 

CC-

MAC[19] 

Schedule 

Based 
High Low Low Very low 

Less for 

dense WSN 
Good Good 

STEM[6] 
Contention 

Based 
High Low Low Low High Low Good 

Wise 

MAC[7] 

Contention 

Based 

Very 

Low 

Very 

Low 

Yes 

(Less) 

YES 

(Low) 
High High Good 

CSMA-

MPS[20] 

Schedule 

Based 

Very 

Low 

Overhearing 

of preamble 

is reduced 

Yes 

(Less) 
Low High High Good 

TRAMA[8] 
Schedule 

Based 

Yes(Very 

Low) 
Very Less 

Very 

Less 

High 

 

High for 

low traffic 

WSN 

High High 

PAMAC[9] 
Schedule 

Based 

Ultra 

Low 
Very Less 

Very 

Less 
High 

Worse for 

heavily 

loaded 

WSN 

High High 

Energy 

aware 

Schedule 

Based 

Ultra 

Low 

Very 

Less 
Less High Low Good Less 
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TDMA 

based MAC 

protocol[10] 

 

BMA 

MAC[11] 

Schedule 

Based 

Collision 

free 

inside 

cluster 

Low Less High Low High Low 

EE-

MAC[16] 
Hybrid 

Very 

Low 
Medium Less Low Good High High 

CH-

MAC[17] 

Contention 

Based 
High Low<SMAC Low Low Very low >SMAC Medium 

ER-

MAC[18] 
Hybrid Low Low Less 

Very 

Low 
Good Good Medium 

LEAP[12] Secure Low Low Less Low High Good Good 

TinySec[21] Secure Low Very Low Less High Good Good Medium 

SPINS[22] Secure 
Very 

Low 
Low 

Very 

Less 
High High Low Medium 

Table 1: Comparative Analysis of MAC Protocols 

VI. CONCLUSION AND OPEN RESEARCH ISSUES 

On the basis of study we have completed so far in this paper 

we can conclude that the traditional MAC protocols are not 

appropriate for direct use in WSN applications. However 

conclusion on the basis of classification done above is all 

the contention based MAC protocols have greater chance of 

collisions but have a smaller amount of packet latency. 

While schedule based MAC protocols have lesser chance of 

collision but having greater packet latency. B-MAC works 

excellently in small network traffic situations since sensor 

nodes will persist sleeping most of the time, however at high 

and variable traffic condition, because of long openings, 

throughput decreases also latency increases with increase in 

energy consumption. All the Contention based S-MAC 

protocols, recognized a fixed duty cycle for radio transceiver 

to listen and sleep occasionally for a static period of time. 

While a low duty cycle diminishes futile listening time, it 

results in high latency and low throughput in medium to 

high traffic situations as only one data packet transmission 

can arise in each frame. On the other hand, if duty cycle is 

high, throughput and latency performance improves at the 

expense of reduced energy savings. 
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