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ABSTRACT 

 

During the past two decades, the ICT (Information and 

Communication Technology) has become an integral part of our 

lives with exponentially increasing user interest and the vast 

number of applications being developed and used. The 

downside of the increase in these numbers is the continuous 

increase in the energy consumption. Various resources indicate 

that nowadays ICT is responsible for around 2% to 5% of the 

total global energy consumption and as new technologies are 

being developed, these numbers are very likely to increase in a 

proportional manner. In the past, networking protocols were 

developed for maximum efficiency, however without any 

energy constraints. Because of the analyses and expectations 

specified above, it has now become very important to develop 

new energy efficient networking protocols which will replace 

their corresponding ones. For all layers of the Internet protocol 

stack, studies have shown that significant energy savings can be 

achievable. This paper classifies the MAC protocols and 

describes some of the recent energy efficiency studies in the 

MAC sublayer. The reduction of energy consumption will not 

only have economical benefits but also environmental benefits 

that will have a positive impact for our lives in the future.   

 

Keywords: Energy Efficient Protocols, MAC Sublayer, Green 

Communications 

 

1.  INTRODUCTION 
 

ICT (Information and Communication Technology) has become 

an integral lifestyle commodity for most of the people around 

the world as it has played a central role in bringing people of 

the globe together. People and the companies have become 

dependent on the ICT for different kind of reasons such as 

social networks, e-commerce, online banking, home shopping, 

instant access to music, books and videos. With the wide usage  

of Internet of Things, Smart Cities and the invention of new 

technologies and applications, ICT’s impact on human life will 

continue to increase rapidly. 

 

It is estimated that ICT now uses approximately 1500 TWh of 

power per year  which is equivalent to the combined power 

production of Germany and Japan. The power consumption of 

ICT is doubling every five years at an alarming rate. Thus, 

significant measures need to be taken to reduce the ICT power 

consumption. A significant number of studies are going on for 

each layer of the Internet protocol stack. While new energy 

saver applications are being developed, most of the energy 

hungry protocols are being modified or rewritten. 

In this paper, the latest research on energy efficient MAC 

(Medium Access Control) protocols are described. The rest of 

the paper is organized as follows: Section 2 describes and 

classifies traditional MAC protocols into asynchronous MAC, 

syncronous MAC, frame slotted MAC and multi-channel MAC. 

Section 3 gives a summary of recent energy efficient MAC 

protocols with their properties and the paper concludes with the 

conclusions made in Section 4.  

 

2.  MAC PROTOCOLS 

 
Medium Access Control data communication protocol is 

considered as a sublayer of the data link layer. A MAC protocol 

defines the rules of how a frame is transmitted on a 

communication link. When multiple nodes share a single link, 

the MAC protocol coordinates the channel access. This channel 

may provide unicast, multicast or broadcast communication 

services. In order to have high throughput in an energy-efficient 

way, designing an efficient MAC protocol is very important 

because MAC layer coordinates the access of the nodes to the 

shared wireless medium.  

 

Traditionally, the MAC protocols are classified into four 

categories: synchronous MAC in which the neighboring nodes 

are synchronized to wake up at the same time, asynchronous 

MAC which aims to establish communication between two 

nodes which have different active/sleep schedules efficiently, 

frame-slotted MAC that is used for assigning time slots to nodes 

for receiving on behalf of transmission and multichannel MAC 

which provides parallel transmission by assigning nodes 

different channels. 

 

 

2.1 Asynchronous MAC 

 

In asynchronous MAC protocols, each node selects its active 

schedule autonomously without paying the price for 

synchronizing the neighbors’ schedules. Asynchronous MAC 

protocols provide ultra-low duty cycle however they have to 

search efficient ways to constitute communication between two 

nodes.  

 

Switching off lightly loaded devices is one of the extensively 

studied energy efficiency methods. Switching off network 

devices can result in significant energy savings provided that it 

doesn’t have a significant impact on the network traffic. In 

preamble sampling (PS) a node turns on its radio when it has 

data to send. It aims to allow a node periodically wake up for a 

short time, the node goes back to sleep when the channel is idle. 



However it brings overhearing problem because the node 

continues listening until the subsequent data frame is received 

or a timeout happens. This causes energy dissipation therefore 

this idea is not energy efficient. The PS is introduced together 

with the Mica wireless platform in [1]. Also, the performance of 

Aloha with PS and carrier sense multiple access (CSMA) are 

analyzed in [2,3]. To avoid collisions a transmitter performs 

clear channel assessment (CCA) in CSMA with PS. B-MAC [4] 

provides more accurate CCA and names its PS as low power 

listening (LPL). By the help of adaptive preamble sampling it 

reduces duty cycle and minimize idle listening thus obtain low 

power operation. 

 

In PS, there is an unawareness of neighboring nodes’ activities 

thus a node’s preamble transmission may collide with the 

ongoing data transmission between neighboring nodes. For this 

reason STEM [5] uses two radios to distinguish the data 

transmission channel from wake-up channel.  

 

To improve energy-efficiency the long preamble can be divided 

into a series of short packets which take some useful 

information.  The non target nodes which have the destination 

address can instantly go back to sleep when they receive a short 

preamble packet thus more energy savings can be possible. 

Many protocols such as ENBMAC [6], MFP [7], B-MAC+ [8], 

SpeckMAC [9], DSP-MAC [10] and SyncWUF [11] use this 

idea for different problems. MH-MAC [12] and DPS-MAC [13] 

also contain timing information for broadcast messages, letting 

receivers to turn back to sleep and become active at the 

beginning of the data transmission. 

 

The idea of shifting communication initiation from the sender 

side to the receiver side are presented in RICER [14] and PTIP 

[15]. Koala [16], AS-MAC [17], RI-MAC [18] and A-MAC 

[19] are also proposed for sensor networks. RI-MAC employs 

receiver created beacon packet to initiate data transmission 

instead of preamble packet. The beacon messages which are 

broadcasted by the nodes to announce that they are ready for 

receiving. RI-MAC unties collisions by reusing the beacon 

messages when a node broadcasts a beacon. According to [20], 

RI-MAC provides higher throughput, packet delivery ratio and 

power efficiency under a wide range of traffic loads compared 

with X-MAC [21]. However, only the receiver takes advantage 

of the receiver-initiated design. The sender has to stay awake 

until the data packets delivered. This is not energy-efficient thus 

PW-MAC [22] allows senders to predict target receiver’s wake-

up time. It also provides an efficient prediction-based 

retransmission scheme to obtain high energy efficiency even 

though wireless collisions happen and packets have to be 

retransmitted. The drawback of the PW-MAC is that the 

constant calculation of the neighbors’ schedules brings 

necessary computational overhead which induces additional 

energy wastage. 

 

2.2 Synchronous MAC 

 
Synchronizing active time of neighboring nodes causes 

additional synchronization overhead. In prediction based 

synchronous MAC protocols only senders wake up at the target 

receiver’s probing time while a cluster of nodes awake at the 

same time in synchronous MAC protocols. S-MAC [23] is 

specifically designed for Ad hoc wireless sensor networks and 

its primary goal is energy efficiency. In sleep period, nodes that 

are not involved in communication turn back to sleep. It also 

has collision and overhearing avoidance. However, it brings 

latency and adaptive listening mechanism causes overhearing 

and idle listening brings inefficient battery usage. Instead of 

fixing the length of the active period, in T-MAC [24], the non 

sleep and sleep periods are fixed. It can easily manage variable 

load due to dynamic sleeping schedule. Nevertheless, there is an 

early sleep problem in T-MAC that nodes may sleep as per their 

activation time and data may get lost especially for long 

messages. Also, overhearing is still introduced because a node 

has to stay awake while it is not involved in data transmission 

thus this causes additional energy dissipation. 

 

Shifting data transmission to the sleep period is discussed in 

RMAC [25] where instead of exchanging data, a control frame 

is forwarded by multiple hops and DW-MAC [26] which is 

same as RMAC but also introduces a one-to-one mapping 

function to procure collision-free data transmission in sleep 

period.  Both RMAC and DW-MAC are not energy efficient 

because all downstream nodes are going to wake up pointlessly 

to receive the expected data packet that will not arrive due to 

the false alarm.  

 

DMAC [27] is a proper approach for data gathering applications 

in wireless sensor networks where data are delivered from 

multiple sources to a sink. It gradates the active/sleep schedules 

of nodes thereby packets can flow continuously to toward the 

sink. Also Q-MAC [28] is very similar to DMAC. The energy 

efficiency of these protocols are questionable when the route 

length is difficult to determine. 

 

2.3 Frame Slotted MAC 

 

TDMA procure high throughput with maximized channel 

utilization under intensive contention. It is generally defined for 

global time synchronization. It has low channel utilization when 

slight number of nodes have data to send because a node can 

transmit only in its assigned time slot. To develop channel 

utilization of TDMA under low contention the one of the frame 

slotted MAC protocols Z-MAC which combines CSMA into 

TDMA is proposed in [29]. In every time slot a sender has to 

wait for a certain amount of time to ensure that the slot is 

abandoned by the owner. Also, each receiver has to be awake to 

control whether it is the target receiver. This brings additional 

energy consumption. TDMA-ASAP [30] is designed to improve 

the energy-efficiency of this idea. When a node abandons a slot, 

the data included nodes for the same parent can steal the slot, so 

other nodes do not need to wake up to check whether they have 

data to receive.  

 

PMAC [31] reduces duty cycle by switching sending slots to 

receiving slots. It considers traffic load. A node is emboldened 

to increase its sleep time exponentially until the upper bound is 

reached if it does not have data to send. A node can quickly 

respond a new flow however it also increases energy 

consumption if only several packets will be delivered.  

 

2.4 Multi-channel MAC Protocols 

 
The radio bandwidth in WSNs is restricted and thus it is 

desirable to devise multichannel MAC protocols to conduct 

bursty traffic or provide multi-task support. By considering the 

energy efficiency and the cost, the channel allocation and cross 

channel communication problems can be achieved in 

multichannel MAC protocol designs.  

 



For obtaining energy-efficient multichannel MAC schemes, 

authors in [32] aim to group nodes which communicate 

frequently into the same channel and separate nodes that 

communicate rarely into another channels. TMCP [33] similarly 

disintegrate a sensor network to several vertex-disjoint trees. 

 

A TDMA based dynamic hybrid channel selection design Y-

MAC is proposed in [34]. Time slots are assigned to nodes for 

receiving and less nodes wake up at each slot compared with 

scheduling senders thus it is energy-efficient but multiple 

senders in contention for sending. Also MuchMAC [35] is 

another hybrid design of TDMA and FDMA. It provides 

independent receiving channel selection for each slot for the 

nodes. It produces extra subslots, therefore the efficient way of 

assigning channel/slot to nodes is still an open issue. 

 

3.  RECENT ENERGY EFFICIENY STUDIES FOR MAC  

 

Forcing the nodes to sleep adaptively while ensuring the 

continuation of communication is the purpose of [36]. The Base 

Station Controlled MAC (BSC-MAC) conserves energy by 

switching off the idle nodes. The source nodes generate the data 

and forward it to the base station through the root nodes. In 

BSC-MAC, the list of all nodes reaches the base station by 

flooding. The nodes with subsets are detected and they are 

designated as the root nodes. The seize of a path causes the 

neighbor nodes to go to sleep mode. This mechanism provides 

power savings, reduces packet collisions, inhibits packet losses 

and also prolongs the network lifetime. NS-2 simulator is used 

for simulations. BSC-MAC is compared with P-MAC, T-MAC 

and S-MAC. BSC-MAC performs better than S-MAC. It has 

worse results than P-MAC when the total number of generated 

packets increases. Also, BSC-MAC is compared with Adaptive 

AEEMAC which provides more energy efficiency than MAC 

by using additional improvements: adaptive sleep, reuse of the 

channel and combined control packets. BSC-MAC can result in 

energy savings compared with the AEEMAC. 

 

[37] compares the performance of RI-MAC and S-MAC 

protocol for two different scenarios: contending flow and data 

gathering. In the first scenario, the RI-MAC outperforms S-

MAC in terms of energy efficiency. For the second scenario, 

when the number of node increases average energy 

consumption is quite increased in RI-MAC even as in S-MAC it 

slightly decreases. Consequently, RI-MAC is more energy-

efficient than S-MAC but it provides preferable packet 

reception ratio and throughput. 

 

In [38], an Energy Efficient MAC (EE-MAC) protocol for 

distributed wireless sensor networks is presented. Protocol aims 

to reduce energy consumption and delay performance 

improvement. The goal is achieved by designating the optimal 

value of the sleep interval based on dominant conditions. A 

weighted linear combination of energy and delay is proposed 

for the objective function. To obtain the optimal value of the 

sleep times the objection function is minimized. In simulations, 

700 nodes are scattered over a square area and the EE-MAC is 

compared with S-MAC in terms of energy consumption and 

delay. According to results, the energy saving of EE-MAC is 

little more than S-MAC for the small number of nodes, however 

when the number of nodes increase the energy saving of EE-

MAC also increases accordingly. 

 

Energy Efficient Sensor-MAC (ES-MAC) which focuses on 

optimizing energy efficiency of the practical applications of 

wireless sensor nodes is proposed in [39]. The protocol uses 

two schemes: Dynamic Data Cycle (DDC) and Selective Data 

Transmission (SDT) in other words it is substantially derived 

from S-MAC and T-MAC. ES-MAC aims to reduce the number 

of transmitted packets and also to let the mote to sleep for a 

short time when it is idle. However, the proposed protocol does 

not regard node discovery, multiple schedules of the nodes and 

network allocation vectors. For the simulations, TinyOS 

environment is used. A single sender in combination with a 

single receiver is considered. The number of transmitted 

packets and acknowledged packets are monitored. It is obtained 

that significant reduction in number of transmitted packets 

occurs when the DDC and SDT is used together. When only 

DDC is used the number of transmitted packets is increased. It 

is clearly shown that the proposed protocol provides significant 

energy savings and extends the battery life. 

 

In [40], earliest deadline first (EDF) which is the dynamic 

priority algorithm based energy efficient earliest deadline first 

(EEDF-MAC) protocol is presented. The included scheduling 

algorithm increases the energy efficiency of the network and 

provides less latency. EEDF-MAC is proposed for WSN with 

both event-driven and clock driven nodes. Turning off the 

radios of nodes which are not involved in data transmission or 

data reception provides energy efficiency. Ns-3 is used for the 

simulation analyses of the EEDF-MAC. A single-hop network 

with an augmenting number of clock-driven nodes is designed. 

The nodes are separated into groups based on the period of data 

generation. The proposed protocol is compared with CSMA/CA 

which is widely used as a MAC protocol in WSNs in terms of 

latency, collision and energy efficiency. It is obtained that 

significant amount of energy consumption on listening can be 

saved by using EEDF-MAC. Also all the energy spent on 

channel sensing in CSMA/CA is saved by the use of EEDF-

MAC. 

 

T-MAC fulfills well in predefined stationary networks. 

Recently in some studies the performance of T-MAC is 

evaluated with mobile nodes. Authors in [41] present the 

performance of T-MAC protocol by considering node mobility. 

An energy-efficient solution is proposed to solve the mobility 

problem and it is called MT-MAC. The proposed protocol 

commences the scheduling process similar to T-MAC but it 

develops T-MAC by dividing the nodes into three different 

types: cluster-head, stationary-node and border-node. The 

improvements provide mobility detection and efficiently 

handling the movement of nodes between clusters. For 

simulations OMNET++ platform is used. The node mobility 

models are random walk and random waypoint. Average packet 

delivery ratio and average power consumption are the 

performance measurement parameters. The results show that 

MT-MAC provides slightly higher power consumption than T-

MAC but on the other hand it outperforms T-MAC in terms of 

packet delivery ratio for all scenarios. As a result, MT-MAC 

does not show a marked improvement on energy-efficiency of 

T-MAC.  

 

IEEE 802.15.4 standard defines the physical layer and MAC 

sublayer specifications. It defines 16 channels in the 2.4 GHz 

band. Especially it is proposed for low-rate wireless personal 

area networks (PANs). Low cost, low power consumption and 

low data rate are the key features of this standard. In [42], a 

novel wireless MAC mechanism which allows the IEEE 

802.15.4 standard to procure an energy-efficient, reliable, and 

delay bounded data transmission for hybrid monitoring WSNs 



is presented. The proposed protocol improves the IEEE 

802.15.4 MAC standard by introducing a TDMA schedule to 

transmit neat long-term periodic monitoring (LTPM) traffic at 

the same time utilizing the standard CSMA/CA scheme to 

transmit seldom and randomly produced event detection (ED) 

traffic. The performance of proposed hybrid protocol is 

analyzed using ns-2 simulation based experiments. For all 

scenarios, a beacon enabled star topology network which 

includes several sensor nodes and a common coordinator is 

used. Standard IEEE 802.15.4 MAC is used for comparison. 

According to results, for all network sizes the proposed hybrid 

protocol provides less power consumption compared with the 

standard protocol. In addition, the energy stability and 

consuming constant amount of power unconcerned of the 

network size  are also achieved by using proposed protocol. 

 

 

4.  CONCLUSIONS 

 
Power conservation has become a very crucial research area to 

support the enormous growth of the ICT industry. This paper 

describes recent research completed at the MAC sublayer of the 

Internet protocol stack which has addressed energy efficiency or 

in other words green communications. As the ICT sector growth 

rate is expected to accelerate with the invention of new 

technologies and applications, the traditional MAC protocols 

will not be able to satisfy the needs for green communications. 

However, the development of new MAC protocols is promising 

to reduce energy consumption as significant power savings can 

be achievable.  
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