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Abstract

Wireless sensor networks (WSNs) is a distribution of several tiny, low-cost sensor nodes, wirelessly connected altogether
for the purpose of monitoring physical or environmental conditions. Due to the vast interest for WSN, a rapid
technological breakthrough has been observed in sensor elements such as processor, operating system, radio, and battery.
From the perspective of seven layer approach, the medium access control (MAC) protocols are identified as the most
crucial element, being responsible for coordinating communication amongst the sensor nodes. In addition, the
functionality of the WSN MAC protocol has a subtle influence on parameters such as battery consumption, packet
collision, network lifetime and latency. In this paper, we survey some of the most recent WSN contention-based,
scheduling-based, and hybrid MAC protocols by focusing on their underlying principle, various advantages and
limitations and their applications. Treating energy saving as the benchmark, further examining the directed towards the
treatment of quality of service (QoS) performance metrics within these particular protocols. The result shows that the
majority of the protocols leaned towards energy conservation with other parameters are either supported partially or
traded off. Latency, throughput, bandwidth utilization, channel utilization is not considered in the design of most of the
protocols. Indeed, the energy domain has gotten a vital breakthrough with the advent of other modes of energy saving
such as energy harvesting techniques. However, other parameters such as latency, throughput, packet loss, network and
bandwidth availability that comes under QoS metrics also play a critical role in future development of MAC protocols for

WSNSs.
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1.Introduction

The emergence of wireless technologies has
facilitated immense opportunities for optimal and
efficient communication system. WSN is an effective
communication technique which has expanded the
application space ranging from public utilities,
industrial monitoring and control, and defense and
military operations. In general, WSN plays a
significant role in wireless communication tool, and
it has a great potential to serve as the next generation
communication technology and for the future
ubiquitous network. Such robustness have widened
the usability of WSNs into various major applications
and as such the technological development is
expanding rapidly across the scientific horizon.
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Interests were shown from the scientific society,
academia, and industries to enhance the quality and
performance of WSNs [1].

Due to lightweight characteristics, sensor node comes
with many limitations such as radio coverage and
processing power. However, the most fundamental,
of which most of the protocols were designed for the
energy efficiency. As the applications are becoming
more complex such that found in healthcare,
industrial monitoring, and military surveillance, the
expectation has grown from a little energy efficient
devices into the support for the QoS. QoS faces
challenges with respect to the limited resources of its
sensor nodes, unpredictable condition of wireless
links, and severe environments for its operations.
Both the energy consumption and QoS support are
defined by the MAC protocol. However, most
researchers concentrated largely on the WSN energy



efficiency for the maximization of network lifetime
while neglecting other parameters.

Some MAC protocols for WSNs were proposed in
the literature [2—4], most of which to minimize
energy consumption. Among the proposed protocols,
only a few consider other performance metrics such
as latency, throughput, reliability and some design
concerns that may fulfil the QoS support
requirements.

This paper investigates the treatment of QoS
parameters into an energy-aware MAC protocols for
WSNSs. This paper differs from current survey papers
in that it analyses recently proposed MAC protocols
based on their suitability for not only energy efficient
but also QoS support. We survey recent
developments in energy-efficient and QoS based
MAC protocols, and classify them based on their
medium access schemes and the nature of their
respective algorithms and design approaches.

This paper is organized as follows: Section 2
discusses the MAC, causes of energy waste and
challenges of designing a suitable MAC protocol for
WSNs followed by investigation into different
categories of MAC protocols highlighting on their
strengths and weaknesses. Section 3 presents a
discussion and future research direction in the design
of MAC protocols. Section 4 concludes the paper.

2.Medium access control

Seven main functionalities define a sensor node;
these are initiation, sensing, actuating, logging,
transient, processing, and communicating. From a
hardware point of view, a sensor node is equipped
with sensing and computing units, radio transceivers
and power components [5]. Sensor communication
can be represented by the infamous seven layers OSI
approach. In layer 2, MAC protocol coordinates
channel's access in a network, enabling an enormous
number of nodes to share communication channels at
the same time. From time to time, MAC protocol is
responsible for resolving contentions between nodes
to gain access to the channel.

Being a coordinator for communication among
sensor nodes, the design choice for MAC protocol is
very much dependent upon nodes’ and networks’
parameters such as energy utilization, packet
transmission, network lifetime and latency. Since
many issues are bound to the MAC layer, an efficient
MAC protocol is the primary factor to be considered
when designing any WSN application.
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By and large, energy consumption is considered as
the most fundamental issue of WSN, and it is widely
affected by the communication functionality of
sensor nodes. In this respect, we can map energy
consumption to the seven layers of the OSI protocol
stack. For the solution, energy conservation can be
implemented in diverse layers of the TCP/IP protocol
stack. However, the MAC layer is identified as the
most effective considering its ability to directly
control radio communication. Thus, to ensure the
most energy efficient allocation and usability, and to
prolong network lifetime, we are therefore in need of
an improved MAC protocol which is energy efficient.

The performance of all upper layers depends on the
MAC layer. Therefore, QoS support cannot be
achieved at the network and transport layers without
the conjecture of a MAC protocol that supports
reliable communication and resolves the problems of
medium sharing [6]. At this juncture, QoS
provisioning at the MAC layer is of great importance
to the overall QoS requirements in WSN.

Problems in MAC layer are caused by several
attributes and trade-offs such as energy efficiency,
collision avoidance, scalability and adaptability,
channel utilization, fairness, and QoS support. The
main parameters for QoS that of the utmost concerns
are latency (the delay), jitter and packet loss. Other
parameters such as reliability, network, and
bandwidth availability are also belonged to QoS but
having less priority.

2.1Causes of energy waste

If we consider the whole communication stack, many
challenges are waiting to be addressed in relation to
energy wastage. Nevertheless, specific to the MAC
layer, energy waste in WSN occurs as a result of
reasons such as collision, idle listening, overhearing,
control packet overhead, and over-emitting [2, 7].
Collision happens when a packet is corrupted during
transmission and has to be dropped, energy
consumption and latency increases as a result of the
packet retransmission. In idle listening, a node listens
to receive a packet that is not sent. Idle listening
consumes half or all of the energy required for
receiving. Overhearing occurs when a node received
a transmitted packet that is meant for other nodes.
Control packet overhead also consumes energy by
sending and receiving control packets. Over-emitting
is caused by message transmission to a node that is
not ready. To tackle this issue, a good design of
MAC protocol is needed. However, this shall not
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forget other issues that also must come under
scrutiny.

2.2Characteristics of a good MAC design

To achieve a good MAC protocol for WSNs, the
following attributes should be given greater
consideration [8] and be included in the design
process.

Energy Efficiency: Sensor nodes are powered by
battery, it is, therefore, impractical to recharge or
replace their batteries. To extend the network
lifetime, energy-efficient protocols must be defined
to reduce potential energy wastes.

Latency: Latency requirement is determined by the
WSN application used. In WSN, detected events are
required to be relayed to the sink node in real-time
for further action.

Throughput: It also varies with applications. Some
WSN applications require sampling the information
with reasonable sequential resolution, it is therefore
required that the sink node should receive more data
than a normal node.

Scalability & Adaptability: The network must be able
to accommodate changes in the network size,
topology and node density that may occur as a result
of node lifetime, newly deployed nodes and or node
mobility. Other features such as fairness, throughput,
latency, and channel utilization are regarded as
ancillary in sensor networks [2].

Fairness: In numerous sensor applications with
bandwidth constraints, it is wvery essential to
guarantee that the sink node fairly receives
information from all nodes. However, energy
efficiency and throughput are the major aspects
among all of the aforementioned aspects. Energy
efficiency can be achieved by minimizing energy
waste.

Channel Utilization: This reflects how the entire
channel bandwidth is utilized during communication.
Bandwidth is a valuable resource for wireless
communication. So, the MAC protocols designed for
WSN should maximize the utilization of this scarce
resource. Numerous mechanisms have been put
forward to address the major problems at MAC layer.
Table 1 tries to catalogue the mapping of each
mechanism against its respective issues.

Table 1 Mapping of MAC mechanisms for different MAC issues

Mechanisms

Issues addressed

Duty cycling

Adaptive duty cycling

Adaptive sleeping and reusing of channel
Low power listening (LPL)

Short preamble

On-demand prediction error correction

Idle listening, collision, and overhearing

Fixed duty cycling and collision

Idle listening, overhearing, overhead and collision
idle listening and overhead

Overhearing, idle listening, and overhead
Anyecast and convergent packet forwarding Overhead

Collision and over-emitting

Clustering Overhead, idle listening, Collision

Adaptive election algorithm Collision

Slot assignment Idle listening, overhearing, collision, and over-emitting
Channel polling Collision

Sender-initiated Collision

Receiver initiated Idle listening, overhearing, and collision

Data prediction and more-to-send notification Overhead

Node synchronization offset wake-up schedules
Advertisement scheme

Collision, overhearing, and idle listening
Collision, overhearing, and idle listening

2.3Classification of WSN MAC protocols

By and large, WSN MAC protocols are classified
into three general categories that are contention-
based, scheduling-based and hybrid MAC protocols
as shown in Figure 1.

2.3.1Contention-based MAC protocols
Contention-based MAC protocols are designed based
on carrier sense multiple access (CSMA). They are
primarily designed with the capability detecting the
state of the medium before transmitting through
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listening otherwise known as carrier sense. These
protocols have the advantage to exploit the full
bandwidth of the communication channel [9].
Probabilistic coordination occurs in contention-based
protocols as a result of the nodes' competition for a
shared channel. These protocols have higher rates of
collisions, overhearing and idle listening. Sensor-
MAC (S-MAC) [7], timeout-MAC (T-MAC) [10],
dynamic sensor-MAC (DS-MAC) [11], adaptive
energy efficient-MAC (AEE-MAC) [12],



synchronous receiver initiated-MAC (SRI-MAC)
[13], Berkeley-MAC (B-MAC) [14], short preamble-
MAC (X-MAC) [15], convergence-MAC (C-MAC)
[16], receiver initiated-MAC (RI-MAC) [17] and
predictive wakeup MAC (PW-MAC) [18] are typical
examples of this category. We classify them into two
groups synchronous and asynchronous built on the
nature of their algorithms.

2.3.1.1Synchronous MAC protocols

S-MAC [7] is designed to reduce idle listening,
collisions, and overhearing by putting nodes in
listen/sleep periods. Figure 2 shows that the listen
periods in S-MAC is fixed while the duration of the
sleep period depends on a predefined application
based duty cycle factor. In S-MAC, the listen period
is divided into SYNC and Data periods. During
SYNC period, the node receives SYNC packet from
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its neighbours and store it. In the data period,
exchange of data packets occurs which include
request to send (RTS), clear to send (CTS), DATA,
and acknowledgment (ACK) messages.

High latency occurs in S-MAC as a result of its fixed
sleep periods; to solve this problem an adaptive
listening mechanism was introduced. Therefore,
when a node overhears an ongoing transmission from
its neighbour, it will only wake up to receive a packet
destined to it at the end of that transmission period
else it will go back to sleep mode, some
improvements are proposed in [2] to overcome the
problems of S-MAC.

WSN MAC Protocols

Contention-based Scheduling-based Hybrid
Synchronous Asynchronous
Centralized Distributed
Figure 1 WSN MAC classification
Listen period Sleep period
A O
pzd
>
w
B RTS DATA
c o) CTS ACK
>
wn
| I |
SYNC Data communication
messages

Figure 2 S-MAC periodic listen/sleep

T-MAC [9], was proposed to improve the energy
efficiency of S-MAC especially under variable traffic
condition and to solve the S-MAC's fixed duty cycle
215

by prematurely sending nodes back to sleep mode in
the absence of any event for a given period known as
Time Active (TA)' period. In T-MAC, nodes
transmit messages in bursts. Similar to S-MAC, T-
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MAC also uses the RTS-CTS-ACK scheme. Better
results are achieved with T-MAC under variable
traffic. Both S-MAC and T-MAC uses SYNC
message to schedule duty cycling and packet
transmission; this requires a substantial amount of
energy even in the absence of traffic.

T-MAC achieves better energy efficiency compared
to S-MAC by reducing collisions and redundancy
since nodes go back to sleep mode in the absence of
any activity during the TA period at the detriment of
high latency and reduced throughput. In T-MAC,
packets are sent in bursts. As a result, the delay is
minimized. However, T-MAC suffers from an early
sleeping problem that was later solved by the
introduction of future-request-to-send (FRTS).

DS-MAC [11], introduced dynamic duty cycle
feature to S-MAC to reduce latency for delay-
sensitive WSN applications. Nodes share their one-
hop latency values within the SYNC period. In DS-
MAC, nodes begins transmission with the same duty
cycle. At a point where a receiver node identified that
a one-hop latency value is high, its sleep period is
shortened and broadcasts it within its current SYNC
period.

Consequently, when a sender node receives notice of
a decrease in sleep-period, it performs a check for
packets intended for that receiver node, if there is any
packet destined for the receiver in its queue, the node
than double its duty cycle whenever its battery level
exceeds a fixed threshold. The duty cycle is doubled
as such the schedules of the neighbour nodes will not
be affected. DS-MAC achieves better latency
compared to S-MAC [7] because it uses less frame
duration it, therefore, achieves less throughput in
high traffic. DS-MAC also achieves a better average
power consumption per packet compared to S-MAC

[7]1.

AEE-MAC [12] is proposed to optimize the energy
efficiency. Similar to S-MAC [7], AEE-MAC uses
duty cycling to save energy by avoiding idle
listening. AEE-MAC decreases overhearing by
putting nodes with no packets to sleep mode on
receipt of CTS destined for other nodes. The protocol
incorporates three optimization schemes, adaptive
sleeping and reusing of the channel, the use of
combined SYNC and RTS control packets and use of
combined ACK and RTS control packets in a bi-
directional and multi-hop data transmission. The
adaptive sleeping and reusing of channel reduce the
idle listening of S-MAC protocol by combining the
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durations of the communication in the control
packets. The combination of SYNC and RTS control
packets decides the actual network traffic load by
setting nodes back into sleep mode if there are nodes
with packets to transmit during the active period.
While the combination of RTS and ACK control
packets reduces overhead and collision while creating
better channel utilization.

SRI-MAC [13], is a synchronous duty cycle protocol,
it adopts the principle of receiver-initiated data
transmission. In  SRI-MAC, the receiver node
transmits beacon signal advertising that it is awake
and ready to receive data. The beacon comprises the
receiver's id and the duration allocation period (DAP)
which relies on the number of the receiver's
neighbours. The value is used as a common factor to
generate back-off values for collision avoidance.
Each sender transmits an RTS packet comprising the
node id, the id of the intended receiver and the data
size upon receiving a beacon. The receiver will then
transmit a CTS packet, which assigns time slots to
senders that registered via the RTS packet. At this
juncture, communication period starts and senders
wake up based on the predetermined order. In an
event where a receiver hears nothing from the sender,
the receiver’s beacon will go unanswered and thus no
CTS will be transmitted. After passing an interval
having a duration specified by DAP within the
beacon, the channel will be considered idle by other
potential receivers.

DAP mechanism induced an energy saving since only
nodes taking part in a communication involve in the
initial information period where the receiver
announces itself and then can stay asleep for the
remainder of the time slot.

2.3.1.2Asynchronous MAC protocols

B-MAC [14], uses asynchronous duty cycle and long
preambles to wake up receivers. B-MAC uses an
adaptive preamble scheme to achieve low power
operation and minimal idle listening. A low power
listening (LPL) scheme is used where a node cycle
between awake and sleep periods. B-MAC uses the
clear channel assessment (CCA) technique to check if
there is a packet arriving when a node wakes up.
While a node is awake, it listens for a long preamble
to calculate if it needs to stay awake or switch back to
sleep mode. This technique saves substantial amounts
of energy. B-MAC significantly reduces idle listening
and low overhead when the network is idle. B-MAC
does not use overhead packets or any other control
frame by default, but they can be added. The major



setbacks in B-MAC are overhearing, long preamble
as well as high latency and an increased contention.

X-MAC [15] is designed to improve on B-MAC [14]
by further minimizing the issues of low power
listening (LPL), overhearing and long preamble using
strobe preamble that allows interruption and fast
wake up of nodes. A strobed preamble is used to
allow a receiver to interfere with a long preamble on
discovering that it is the target receiver on wake up.
Strobed preamble helps in reducing the consumption
of time and energy while awaiting the whole
preamble to complete. X-MAC achieves significant
energy efficiency and low latency as a result of the
short preamble as well as a low overhead. This
protocol also has the disadvantage that preamble
transmission still inhabits the channel up to the time
when the target receiver wakes up.

C-MAC [16] is a protocol proposed to improve WSN
energy efficiency and the latency. The protocol is
equipped with three modules, the Aggressive RTS,
anycast and convergent packet forwarding
mechanisms. The aggressive RTS is furnished with
double channel check for channel assessment. The
protocol circumvents synchronization overhead while
supporting low latency. In the absence of traffic, the
protocol operates at very low duty cycles. In the state
of traffic,c, C-MAC uses anycast-based packet
forwarding to wake up forwarding nodes or speedily
determine a forwarder and then converges from
route-suboptimal anycast with asynchronous duty
cycling to route-optimal unicast with the
synchronized  scheduling scheme. For flow
initialization, C-MAC uses anycast and uses
convergent packet forwarding for flow stabilization.
After convergence, nodes can use the synchronized
wake up schedule to preserve more energy. C-MAC
achieved a high throughput, low latency and
consumed less energy. However, it is only designed
for low duty cycle applications.

RI-MAC) [17] is an asynchronous MAC protocol that
sets communication depending on receivers. Nodes
periodically wake up based on their schedule, if the
medium is idle after a receiver node wakes up, it
broadcasts a beacon message to potential senders.
After receiving the beacon, the sender immediately
transmits a data packet to the receiver. RI-MAC
achieves an excellent latency performance by
minimizing the rendezvous time occupied by the
sender and receiver in a wireless channel.
Additionally, the contention is effectively resolved at
the receivers; therefore RI-MAC can effectively
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reduce overhead. RI-MAC is efficient in detecting
collisions and data frames recovery more than B-
MAC [14] and X-MAC [15] where the senders are
hidden to each other.

Moreover, RI-MAC can use beacon with two roles
ACK and ready to receive. Consequently, RI-MAC
outpaces the earlier stated protocols in all aspects. RI-
MAC, however, poses some disadvantage at senders.
In a case where a sender with awaiting packet needs
to keep its radio on until a potential receiver wakes
up. Few protocols were proposed to address this
problem.

PW-MAC [18] is another asynchronous MAC
protocol where senders guess the receivers’ wake-up
time, queue packets and wake up right before the
guessed time to minimize node energy consumption.
PW-MAC employs the receiver-initiated method
because of its good receiver duty cycle performance.
The protocol offers a communication mechanism
which can be used for transmitting the prediction
state of a node. The protocol uses an on-demand
prediction error correction mechanism which helps to
correct timing challenges caused by volatile
hardware, operating system delays, and clock drift.
PW-MAC also presents an effective prediction based
re-transmission mechanism to attain excellent energy
efficiency even if collisions occur, and packets must
be re-transmitted.

The predictable wake-up times are used to increase
performance in the event of collisions as well as
channel errors. When there is a need for
retransmission, sender nodes in RI-MAC [17] stay
awake until receivers wake up again, unlike in PW-
MAC, senders only wake up at the next predicted
receiver’s wake up time; this significantly minimizes
the energy consumption while waiting for a receiver
to wake up. Some of the shortcomings of PW-MAC
are overhead caused by the beacon and idle listening
compared to other protocols such as X-MAC [15]
and RI-MAC [17].

2.3.2 Schedule-based MAC protocols

These protocols are designed according to the
principle of time division multiple access (TDMA)
scheduling to carry out communication. In this type
of approach, the schedule is established to allow
nodes access a channel and communicate with each
other. Synchronization is required between nodes to
ensure a shorter idle listening. Nodes share the same
frequency by dividing the time into frames; each
frame is then divided into slots [19-21]. Nodes
transmit in rapid sequence using assigned time slot.
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Collision reduction and fairness among different
nodes and the increase in overall throughput are the
main goals of this approach. Some schedule-based
MAC protocols such as low-energy adaptive
clustering hierarchy (LEACH) [22], (priority-based
MAC protocol for wireless sensor networks) PRIMA
[23], data gathering-MAC (D-MAC) [24], power
efficient and delay aware MAC protocol
(PEDAMACS) [25], dynamic energy efficient
TDMA-based-MAC (DEE-MAC) [26], traffic
adaptive MAC (TRAMA) [27], node activation
multiple access (NAMA) [28], power aware clustered
TDMA (PACT) [29], self-organizing-MAC for
sensor networks (S-MACS) [30], lightweight MAC
(LMAC) [31], and advanced-MAC (A-MAC) [32]
are examined and presented.

We classify the scheduling-based protocols into two
categories based on the nature of their algorithms:
centralized and distributed protocols. The centralized
scheduling-based protocols use cluster heads (CH) or
base station (BS) to manage their schedules centrally
and assign a time slot to all nodes within the network.
While in the distributed scheduling protocols, nodes
manage their respective schedules based on the local
information they obtained. Therefore, there is no
need for any centralized entity such as CH or BS.
2.3.2.1Centralized scheduled based protocols

The LEACH [22] is a schedule based protocol that
splits similar WSN into clusters. Each cluster is
managed by a cluster head, which is in charge of
creating and maintaining schedules, interacting with
cluster members, and forwarding of messages to the
sink node. Since cluster head needs to always stay on,
the cluster head to run out of battery earlier is highly
likely. Although, LEACH adopts a randomized
rotation mechanism for choosing a cluster head. Each
node can become the cluster head, but preference is
given to the node that has not been a cluster head for
a prolonged period. LEACH works in rounds, each
further divided into the set-up and steady-state
phases. The cluster formation takes place during the
set-up phase; each cluster head transmits an
advertisement (ADV) packet using CSMA to invite
its cluster members. The cluster head, then generates
and broadcasts a TDMA schedule for nodes that have
sent join-request (REQ) to it. To reduce inter-cluster
interference, the cluster head selects a random code-
division multiple access (CDMA) code node within
its cluster.

When the setup phase is over, the steady-state phase
starts, and a node can transmit data to its cluster head
using the allocated slot. When the cluster head
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receives packets from its members, it aggregates and
sends them to the sink node. LEACH guaranteed that
each member node belongs to at most one cluster.
However, due to an ADV collision, it cannot
guarantee that each member node belongs to the
cluster. The protocol considers that all nodes fall
within the communication coverage of the sink. The
absence of such multi-hop communication abilities
within LEACH hinders the scalability of the network.
Moreover, LEACH comes with the assumption that
nodes always have data ready for transmission during
their allotted time, hence the occurrence of channel
under-utilization. Perfect correlation among nodes is
assumed, which is hardly possible in WSNs.

PRIMA [23] uses a similar approach as that of
LEACH [22] in forming clusters of nodes as well as
selecting cluster heads for managing communication
and synchronization within each cluster. In PRIMA,
cluster heads interchange every 15 minutes. The
protocol assigns four different priorities for
information, via instructing the application layer to
append two bits at the end of every packet. The MAC
layer consists of two different protocols, classifier-
MAC (C-MAC) and channel access-MAC (CA-
MAC). The C-MAC is responsible for assigning
packets to the four priority queues by their respective
priorities. While the CA-MAC grants the channel
access using carrier sense multiple access with
collision avoidance (CSMA/CA) and TDMA slots.
The CSMA phase creates schedules while the TDMA
phase is used for collision-free packet transmission.

PRIMA reduced packet delivery delay based on
traffic requirements. The protocol also increases the
network lifetime through cluster head rotation.
However, similar to LEACH [22] when a cluster
head dies, all nodes in that cluster are inoperable until
the new cluster head is selected. Also, overhead
packets in the CSMA phase increase the energy
consumption.

D-MAC [24] is designed for tree-based multi-hop
topology for energy efficiency and latency reduction.
As shown in Figure 3, based on naturally formed
data gathering tree, packets can flow continuously to
the sink because of the staggered active/sleep
schedules of the nodes. The node's schedule is
divided into three phases, receiving, sending and
sleeping. The receiving node receives the packet and
sends ACK, the sending node forwards packet to the
next hop and receives ACK while the sleeping node
turns off its radio. A variable u represents the length
of time required for transmission and reception of



one packet. Nodes of equal depth have the equal
offset, as such, they contend for transmitting to their
respective receivers. In a situation where one node
wins the channel access, neighbouring nodes of the
same level lose their chance of transmission.

A scheme called data prediction and more-to-send
notification are introduced to increase the number of
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active slots. In D-MAC, the RTS/CTS control
packets is not used to avoid needless overhead
considering the relativity of small packet size in
WSN applications. The D-MAC protocol achieves a
good latency in comparison to other sleep-listen duty-
cycle methods.

Rx | Tx Sleep Rx| Tx
N
7|\ 4N
Rx | Tx Sleep Rx | Tx
4N 7\
\
Rx | Tx Sleep Rx | Tx Q
7\ 7|\
Rx | TX |-, Sleep | Rx | Tx
/ O

More active slots if required

Figure 3 D-MAC data gathering tree scheme

Nevertheless, this approach faces challenges of
packet collision that occurred as a result of shared
schedule among the nodes. Therefore, D-MAC
performs better in a network where the transmission
paths and transmission rates are known and do not
experience sudden changes.

PEDAMACS [25] is another schedule-based protocol
for WSNSs. It extends the common single-hop TDMA
to the multi-hop sensor network. It uses a strong
access point (AP) called 'sink' to synchronize the
nodes as well as schedule their transmissions and
receptions. They defined three transmission power
levels to reach three distances: PI, maximum, Pm,
medium and Ps, minimum. The protocol has four
phases namely, the topology learning, topology
collection, scheduling phase and the adjustment.

The AP gathers the topology information, and the
scheduling algorithm determines the transmission and
receiving periods for each node. All Nodes send their
topology information to the AP using Ps to enable
data to go through many hops. Then the AP
announces the transmission schedule to other nodes,
and every node adjusts its clock to tally with the time
slots allocated for transmitting and receive. At the
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end of the scheduling phase, nodes transmit
adjustment topology packets to indicate any changes
in neighbours or interferers. PEDAMACS has the
advantages of energy saving, increase throughput,
and guaranteed end-to-end delay. It major setbacks is
reliability. Thus, the protocol is not suitable for real-
time applications that need guaranteed reliability.
However, PEDAMACS has additional overhead
packets apart from the RTS/CTS and ACK packets.

DEE-MAC [26] proposes to reduce energy
consumption by compelling the idle listening nodes
to sleep. Clusters are formed based on the remaining
power as all nodes compete to become the cluster
head. DEE-MAC operations consist of rounds; each
round contains two phases, cluster formation, and
transmission. During the cluster formation phase, a
node becomes the cluster head based on its remaining
power level; a node with highest power level
becomes the cluster head. The transmission phase
comprises of numerous sessions; each session has a
contention and transmission period. In the contention
period, nodes keep their radio on and indicate interest
to transmit the packet to the cluster head. The cluster
head builds and transmits a TDMA schedule to all
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nodes assigning them one slot in each session for
either receiving or transmission data.

These techniques of clustering and TDMA scheme
significantly reduces idle listening in large-scale
WSNSs. Further improvement in energy efficiency
may be achieved by investigating the likelihood of
error in a packet within a contention period, and by
using inter-cluster communication through the nodes
instead of cluster heads.

2.3.2.2Distributed scheduled based MAC protocols
TRAMA [27] is a TDMA-based protocol that uses a
traffic adaptive distributed election scheme which
selects receivers by announced schedules by
transmitters. TRAMA consists of three components,
neighbor protocol (NP), schedule exchange protocol
(SEP) and adaptive election algorithms. The
neighbour protocol (NP) transmits one-hop neighbour
information among the neighbouring nodes to obtain
consistent two-hop topology information across all
nodes using the signalling slots. Exchange of traffic-
based information or  schedules  between
neighbouring nodes is carried out through the SEP.
To achieve collision-free transmission, selection of
transmitters and receivers is performed by the
adaptive election algorithm (AEA) wusing the
information obtained from NP and SEP.

NAMA [28] where each time slot uses a distributed
election algorithm to select one transmitter in each
two-hop  neighbourhood by adopting the
neighbourhood-aware contention resolution (NCR).
TRAMA switches between random access period and
scheduled access period. Nodes that have data to send
will claim slots for use in random access.

TRAMA achieves significant energy efficiency and
throughput by ensuring a collision-free transmission
and its ability to switch nodes to the idle state when
they are not active. Its major challenge is long delay
compared to other protocols as well as high latency in
a high traffic network.

PACT [29] is a TDMA MAC protocol that used
passive clustering to prolong battery and network
lifetime. The principle of passive clustering takes into
consideration the individual energy level of every
node and appoints so-called “cluster heads”
depending on how long a battery lifetime is left. The
task of being clustered head is allotted to the nodes
with the biggest energy reserves, but is rotated as
soon as this ratio change, to preserve a minimum of
energy in all sensor nodes. The subset of cluster
heads and certain gateway nodes that are accountable
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for traffic between neighbouring clusters have
priority in allocating time slots. Only after they have
received their demanded bandwidth, the ordinary
sensor nodes are granted the possibility to choose
between the remaining time slots. Energy
consumption is further minimized by adjusting the
active periods of the nodes to the data traffic present
in the network at a certain time, i.e. nodes are shut
down when there is no transmission concerning them.
PACT can prolong the network lifetime up to five
times compared to the IEEE 802.11 wireless standard
due to a more efficient power management. Through
the use of passive clustering, network lifetime can
also be improved by increasing the sensor node
density in the network.

S-MACS [30] protocol uses a combination of TDMA
and frequency division multiple access (FDMA) or
CDMA for medium access. Nodes in S-MACS
requires no global synchronization or clustering to
establish reception/transmission schedules with their
neighbours. S-MACS combines the neighbour
discovery phase with the channel assignment phase.
It assigns the channel with a link immediately after
the link is discovered, instead of waiting to finish the
network-wide neighbour discovery process. Nodes in
S-MACS operate on a random FDMA or CDMA
code to reduce collisions between neighbouring links.
Each node regularly performs neighbour discovery
procedure and establishes a directional link with the
discovered neighbours by assigning a time slot to the
link. Nodes in S-MACS use TDMA-like superframe
for communication with known neighbours.

S-MACS employs a local scheme instead of a global
assignment to avoid computation and overhead in
transmitting neighbour information to the sink node.
In S-MACS, the time slots is lost if the sensor node
has no data to send to an intended receiver.

LMAC [31] protocol minimizes the number of
transceiver switches, to make the sleep interval of
sensor nodes adaptive to the amount of data traffic. A
transmitted packet in LMAC consists of two parts:
the control and data part. The control packets are of
fixed size and contained the 1D of the time slot owner
it also indicates the distance from the transmitting
node to the gateway for easy routing. The control
packet data are also wused in maintaining
synchronization between nodes.

All neighbouring nodes focus more on receiving
control packets from their neighbours. When a packet
is not addressed to a node or the packet is not



addressed as an omnicast, the nodes will switch off
their transceivers to save energy, only to wake at the
next time slot. Otherwise, if a node is addressed, it
will listen to the data unit that might not use the
entire remainder of the time slot. After successful
packet transfer, both transmitter and receiver(s) turn
off their transceivers.

LMAC achieves a significant energy saving and
prolongs network lifetime. Nodes in the network can
communicate with each other in a collision-free
manner. However, idle listening increases LMAC
since nodes always listen to the control part of all
slots in a frame, to allow nodes receive data and to
allow new nodes to join the network anytime. As the
slots are computed only once, this protocol is not
suitable for mobile sensor networks, where nodes can
enter and leave the other nodes’ radio neighbourhood
at any time.

A-MAC [32] adapted from LMAC [31] A-MAC is
developed for a low rate and reliable data
transportation to prolong the network life of WSN.
The protocol uses a distributed technique for time
slot allocation by gathering its neighbourhood
information, unlike other conventional TDMA-based
protocols that depend on a central controller for time
slot allocation. A-MAC manages energy using
scheduled power down mode in the absence of any
event.

The protocol is designed in several frames; each
frame consists of several time slots. Nodes transmit a
beacon at the commencement of their time slots, for
synchronization and  neighbour  information
exchanges. The controlled node tells which node will
be participating in next data session to stay in
listening mode while other nodes go into power down
mode until the end of the current time slot.

Slots assignment in A-MAC is divided into four
states; initial, wait, discover and active. A node in the
initial state, listen to neighbours beacon for
synchronization with the network, and then randomly
choose a number of waiting for frames and enter the
into the wait state. A node entered the discovery state
when the waiting counter expired and started
collecting its neighbourhood information by listening
to the beacon messages from its neighbouring node
for listen-frame frames. A node enters an active state
when it successfully selects a time slot. Nodes enter
sleep mode in two situations, first, after transmitting
a beacon message and no more data packet scheduled
to be transmitted and second, if received a beacon
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message from its neighbouring node indicates no
incoming data packet. Compared to LMAC [31], A-
MAC allows a node to transmit to multiple
destinations.

2.3.3Hybrid MAC protocols

The hybrid MAC protocols combine the strengths of
contention-based and scheduling-based protocols
while minimizing their weaknesses, to produce a dual
characteristic ~ protocol and achieve  better
performance. Examples of hybrid MAC protocols are
Zebra-MAC (Z-MAC) [33], Funneling-MAC [34],
A-MAC [35], Crankshaft MAC [36] and IEEE
802.15.4 [37].

Z-MAC [33] is a hybrid WSN MAC protocol that
combines the strengths of TDMA and CSMA while
compensating for their weaknesses. Z-MAC is
regarded as traffic adaptive protocol because of its
ability to switch to CSMA under low contention to
achieve excellent channel utilization and low delay. It
switches to TDMA under high contention to avoid a
collision and to achieve high channel utilization and
fairness. Nodes using Z-MAC can utilize slot
assigned to another, unlike in the traditional TDMA
scheme. Priority is always given to the owner of the
slot over the non-owners, to avoid possible collisions.

Z-MAC uses distributed randomized time slot
scheduling algorithm (DRAND) [38] to assign slots
to nodes. DRAND is run during setup phase and
guarantees that no two nodes within a two-hop
neighbouring are allocated the same time slot. During
the transmission mode, time is divided into slots. Z-
MAC uses CSMA as the baseline MAC scheme and a
TDMA schedule to enhance contention resolution.
The protocol also offers a simple two-hop
synchronization technique which allows the sender to
vary its frequency according to the current data rate
and resources. Therefore, Z-MAC is known to be
robust enough to withstand timing and slot
assignment failures, channel condition issues, and
dynamic topological infrastructure.

There is one drawback with Z-MAC in that it
requires global time-synchronization during the start-
up phase. This unarguably consumes energy, time,
and memory for lightweight nodes. A highly dynamic
WSN may need to perform this costly procedure
more than once. Moreover, the complexity of
maintaining both CSMA and TDMA modes, as well
as switching between the high contention and low
contention states, contention and possible collisions
among nodes in gaining control to the slots owned by
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others, and bandwidth under-utilization contribute to
some other issues of Z-MAC.

Funneling-MAC [34] is a hybrid, localized and sink-
oriented protocol that is mainly a CSMA/CA with a
TDMA scheduling managed by the sink node and
operates locally in the funneling region. It reduces the
funneling effect in WSN by reducing traffic in the
funneling region to increase the network lifetime. All
nodes in funneling-MAC operate in the CSMA mode
by default. A beacon broadcast activates the TDMA
scheduling from the sink node. Nodes that receive the
beacon consider themselves within the funneling
region and are called Fnodes. These nodes can
perform TDMA and switch back to CSMA if they do
not receive the beacon within a time interval. The
sink node calculates the TDMA schedule as per
traffic conditions. Each Fnode transmits its scheduled
packet during the allocated time slot specified in the
TDMA frame.

The sink allocates slots to each path using
information in the path table. Schedule packet
contains path head id of scheduled paths, the number
of slots assigned to each path. Fnodes receive
schedule packet and check which slots are assigned
to them. Fnodes keep path table containing path head
id of each path going through it, the number of hops
to path head. Using this fnode compute which slot
assigned to itself. F-nodes transmit packet in their
slot in TDMA frame. Even though it assigns time
slots only to nodes that are on active routes, it cannot
manage the nodes that are out of the sink
communication range.

In funneling-MAC, fnodes waste more energy in
receiving beacons and schedule frames due to the
high power demand for sending the beacon and the
schedule frames. The protocol also bears complexity
in managing the funneling region over the time and in
performing CSMA after every second TDMA frame.
The number of Fnodes in a dense WSN could be very
high, as a result, each Fnode has to wait longer for its
turn to communicate with the sink, hence the increase
in network latency.

A new MAC A-MAC [35] is a hybrid protocol based
on CSMA and TDMA schemes proposed to provide
collision-free, non-overhearing and less idle listening
transmission services in WSN. A-MAC uses TDMA
as its baseline MAC with CSMA for accessibility of
the wireless channel. The protocol is designed for
long-term surveillance and monitoring systems. A-
MAC allocates unique time slots to each node within
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its two-hop neighbours. Nodes use the pre-assigned
time slot for data transmission without interference.
The protocol also has an advertisement scheme used
by sending nodes to notify their neighbours about
their transmission schedule. Using this scheme, only
the receiver node needs to be active during the
transmission period while other nodes to go to sleep.

Nodes using this protocol stay inactive most of the
time until an event it detected. Even though an
additional latency may be introduced, yet the network
lifetime is dramatically prolonged. In A-MAC, nodes
are notified of becoming receivers in advance. A
node becomes active only when it is a sender or a
receiver, during other periods the node goes to sleep.
This technique drastically saves energy wastage
caused by overhearing and idle listening.

Crankshaft MAC [36] is another hybrid MAC
protocol, designed specifically for highly dense
wireless sensor networks. Crankshaft employs node
synchronization offset wake up schedules to combat
overhearing by neighbouring nodes. The protocol
divides time into frames; each frame is split into two
slots: the broadcast and unicast slots. During the
broadcast slot, all the nodes wake up to listen to an
incoming message. If required to transmit a message,
a node contends with other nodes in the contention
window to gain control of the slot. Once successfully
accessed the medium, it uses the destination node’s
MAC address to determine the wake-up slot of the
destination node before start transmitting.

Energy saving is achieved by using efficient channel
polling and contention resolution techniques. The
protocol uses a channel polling mechanism identical
to the scheduled channel polling-MAC (SCP-MAC)
[39] in which only senders are awake during the
contention period, and only winners of the contention
will be awake for the receiver’s poll. The receiver
polls the preamble sent by the sender at fixed offsets
from the beginning of the frame and gets a
rendezvous of the message transmission. Both sender
and receiver depend on the rendezvous for
transmitting and receiving messages in the message
exchange window. Crankshaft utilizes a Data/Ack
sequence for unicast messages.

In dense networks, Crankshaft protocol can offer an
excellent converge cast performance at minimal
energy consumption, therefore becoming apt for
monitoring applications in which energy efficiency is
important. Crankshaft protocol has an inflexible



structure, which restricts the applicability of the
protocol in many applications.

Low-rate wireless personal area networks (LR-
WPAN) (IEEE 802.15.4 MAC) [37] the Institute of
Electrical and Electronics Engineers (IEEE) Task
Group 4 (TG4) together with the ZigBee Alliance
proposed and developed a protocol stack for a LR-
WPAN. IEEE 802.15.4 equipped with a duty cycle
mechanism where the size of active and inactive parts
can be adjusted during the PAN formation. Although
the protocol was not entirely designed for WSNSs, it
features such as simplicity, low rate, low power, and
low-cost communication made it a strong contender
for the WSN communication stack. It combines the
contention based channel accessing scheme with the
scheduling based on.

The beacon mode of IEEE 802.15.4 MAC defines a
superframe structure to organize the channel access
and data exchanges. The active period is divided into
16-time slots. A beacon frame is transmitted in the
first timeslot followed by two other parts, the
Contention Access Period (CAP) and the Contention-
Free Period (CFP) which occupy the remaining time
slots. The CFP part is also known as Guaranteed
Time Slots (GTS) and can utilize up to 7-time slots.
The span of the active and inactive periods, as well as
that of a single time slot, is configurable and traffic
dependant. Data transmissions occur either in CAP or
GTS periods. Data communication is achieved in
CAP using slotted CSMA-CA while in the GTS
nodes are allocated fixed time slots.

To achieve energy efficiency in IEEE 802.15.4
MAC, nodes are put into sleep mode during the
inactive period and when there is no data to transmit
or received from the coordinator. However, the
coordinator took the weight of energy cost, because
the coordinator has to be active during the entire
active period.

2.3.4Q0S-based MAC protocols for WSNs

QoS provisioning is spread across the 7 OSI layers
depending on the layer capability. Each layer has
specific parameters used for performance evaluation
and QoS assessment [40].

Our greatest concern is the MAC layer, which the
performance of all upper layers depends upon. QoS
support in other layers cannot be achieved without a
MAC protocol that can resolve the issues of medium
sharing and supports reliable communication [41].
This makes QoS provisioning in the MAC layer of
significant importance for overall QoS in WSN.
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QoS-aware-MAC (Q-MAC) [42] is an energy-
efficient and priority-based QoS-aware media access
control protocol. Q-MAC tries to curtail energy
consumption at the same time providing QoS. Q-
MAC adopts the multiple access with collision
avoidance for wireless (MACAW) protocol as an
underlying protocol to access the wireless channel.
Q-MAC introduces a new queuing model that sets
priority levels for different queues to reveal the
criticality of data packets coming from different
sensor nodes in order to fulfil QoS requirements for
diverse traffic types. Higher priority queues are
provided preference over low priority queues. Q-
MAC comprises of intra-node and inter-node
scheduling in WSN. The intra-node scheduling
scheme implements a multi-queue first-in first-out
(FIFO) based approach to classifying data packets
depending on their application and MAC layer
abstraction while the inter-node scheduling manages
channel access aimed at minimizing energy
consumption through reducing collision and idle
listening. The major drawback of this protocol is
higher latencies.

Saxena et al. [43], proposes a QoS for multimedia
transmission in WSN. The protocol uses CSMA/CA
approach with three types of traffic classes, streaming
video, non-real-time and best effort. The protocol
adaptively updates the contention window size as
well as duty cycle, according to different coefficients
of each traffic class and the dominant traffic class
respectively. The protocol achieved better energy
conservation. However, it introduces a significant
overhead. Also, idle listening and early sleeping
problems may likely occur due to the absence of local
or global synchronization between sensor nodes.
Also, lower priority packets suffer from high latency.

Differentiated services-MAC (Diff-MAC) [6] is
proposed as a different approach of intra-node packet
prioritization and contention window (CW)
adaptation. In Saxena et al. MAC [43] one FIFO
queue per traffic class is implemented while Diff-
MAC provides fair prioritization of packets within
the same class based on hop count metric of each
packet and uses a weighted fair queuing (WFQ) to
control the relative throughput of each traffic class.
The two protocols use similar mechanisms to IEEE
802.11e standard, especially on medium access
prioritization. Diff-MAC achieves fairness among the
different traffic classes. Not efficient under high
contention due to RTS/CTS exchanges that consume
extra bandwidth.
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Priority-based QoS MAC (PQMAC) [44], utilizes the
features of contention-based and schedule-based
approaches as well as a hybrid scheme for medium
sharing. Slot assignment, global clock
synchronization, and neighbour discovery are done
during the setup phase followed by the transmission
phase.

The slot assignment considers the two-hop distance
neighbour nodes and allots different time slots using
DRAND [38] algorithm, the time frame rule
determines the frame size as in Z-MAC [33] protocol.
Slot owner has an exclusive right to send the data
within its allocated slot time. If the slot owner does
not have data to transmit, or has a lower priority data,
non-owners can contend for the slot and transmit
based on the priorities of their data.

In PQMAC, data is divided into classes based on its
scenario, application, and transmission type. Every
class has its priority level. High-priority data are
placed into a high-priority queue and low-priority
data are placed into a low-priority queue. High-
priority data always have the opportunity to be sent
during any listen time. PQMAC uses three schemes
for QoS provisioning, doubling scheme, advance
wake up and dynamic priority listen-scheduling for
additional listen time for high priority data,
calculating node’s probability of receiving high-
priority data and changing the listen/sleep state of
nodes respectively. The simulation indicated that
PQOMAC reduces latency and conserves energy as
well as improved channel utilization and significantly
reduces the probability of collision.

3.Discussion

Contention-based MAC protocols as the name
implies, contend for medium access whenever a
sensor node wants to communicate with peers.
Contention-based MAC protocols are robust and
scalable; they easily adapt to traffic conditions.
Unfortunately, their energy expenditure is high due to
contention, collisions idle listening, overhearing, and
over-emitting.

On the other hand, scheduling-based MAC protocols
are designed based on TDMA, FDMA, and CDMA
schemes; the protocols pose significant advantage of
energy efficiency since nodes only turn on their radio
during their allocated time slot and sleep for the rest
of the time, this removed contention and reduced the
probability of possible collision. However, the
protocols have the disadvantages which offset their
energy efficiency. Protocols in this category have
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limited scalability and adaptability. In an event where
there is a new node joining the network, both the
frame size and time slot assignment are required for
reconfiguration of the network to adapt to the change.
Also, the maintenance of frame synchronization
creates additional latency and reduced throughput
which resulted in unnecessary energy consumption.

The hybrid MAC protocols complement the
contention and scheduling schemes at the same time
offsetting their disadvantages. Contention schemes,
offers robustness, flexibility, simplicity, and low
latency, therefore allowing nodes to adapt to changes
in the network topology supported by some control
signals. In the contrary, scheduling schemes possess
features like high channel utilization, collision-free,
and throughput, appropriate for high traffic load
conditions. The protocols in this category use a
mechanism that switches between the contention and
scheduling schemes whenever the need arises.

Even though hybrid MAC protocols appear to be an
idyllic method to accomplish optimum performance
of the MAC protocol requirement, this benefit comes
at the detriment of protocol complexity, in this case a
precise mapping from traffic loads to the switching
point might not be achieved simply.

The QoS provisioning goal for all layers of the
communication protocol stack is equal, since each
layer strived to provide the anticipated QoS level to
applications and users while reducing energy
consumption, and accordingly prolonging the
network lifetime. The efficiency of the QoS
provisioning mechanism at individual layers relies
solely on the layer capabilities. QoS metrics usually
include: bandwidth, throughput, latency, jitter, packet
loss and network availability. However, current
energy consumption is becoming a standard part of
QoS metrics considering its relevance in the overall
WSN design.

In reality, there are various other factors to be
considered when designing MAC protocols. Other
than energy efficient and QoS-aware, sensors
topology [45, 46], mobility patterns [47], energy
harvesting [48] and security aware [49, 50] are
examples of issues that could affect the performance
and lifetime of a sensor and sensor network.

4.Conclusion

We conduct a brief survey of WSN MAC protocols.
First, we introduce the concept of WSNs and its
application. Secondly, we described the MAC, causes



of energy waste in WSN and the attributes of good
MAC design. We also presented the classification of
MAC protocols for WSN with detailed discussion on
contention-based, scheduling-based and hybrid MAC
protocols. In contention-based protocols, we
discussed in detail the two general sub-categories of
synchronous and asynchronous. We investigated each
sub-category and the protocols that belong to it,
highlighting its advantages and disadvantages. Also,
in the scheduling-based protocols were discussed in
detail, we also classified them into two sub-
categories, the centralized and distributed algorithms.
Lastly, we presented the hybrid protocols where we
examine their cons and pros.

After discussing several protocols from each
category, we have presented a meaningful
comparison of these protocols on different

performance metrics, the comparison in Table 2
shows that the majority of the protocols leaned
towards energy conservation. Other parameters are
either supported partially or trade-off for another
parameter. Latency (L), throughput (T), bandwidth
utilization, channel utilization are not considered in
the design of most of the protocols. It is imperative
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that energy domain has gotten a vital breakthrough
with the advent of other modes of energy saving such
as energy harvesting techniques.

Since energy efficiency is fundamental for WSNs
lifetime, it should have a greater concern than other
parameters. However, in real-time, multimedia and
other critical WSNs, more concern should focus on
bandwidth, reliability and response time. Meanwhile,
QoS parameters such as bandwidth, delay, jitter and
packet loss are inversely proportional to the energy
consumption, there is a need to trade-off between
energy consumption and QoS provisioning.

Currently, QoS provisioning is application-specific,
mostly in real-time, multimedia and critical WSNs
that require a guaranteed performance to function
appropriately. However, due to an increasing number
of users and applications, QoS will no longer be
optional in WSNSs, rather it must become a standard
part of WSNs. We, therefore, believe that QoS
metrics such as bandwidth, delay, jitter and packet
loss may play a critical role in the design of future
MAC protocols for WSNs to ascertain QoS support.

Table 2 Comparison of different MAC protocols on various performance metrics

Protocol Access Energy efficient L T
S-MAC [7] CSMA Medium Medium Low
T-MAC [10] CSMA High High Low
DS-MAC [11] CSMA Medium Low Low
AEE-MAC [12] CSMA Medium - -
SRI-MAC [13] CSMA High - -
B-MAC [14] CSMA Medium High Low
X-MAC [15] CSMA Medium Low Low
C-MAC [16] CSMA Medium Low High
RI-MAC [17] CSMA Medium High Low
PW-MAC [18] CSMA High - -
LEACH [22] TDMA Medium - -
PRIMA [23] TDMA High Low High
D-MAC [24] TDMA Low Low High
PEDAMACS [25] TDMA Medium Low High
DEE-MAC [26] TDMA Medium - -
TRAMA [27] TDMA Low Low High
PACT [29] TDMA High Low -
S-MACS [30] TDMA Medium - -
LMAC [31] TDMA Medium - -
A-MAC [32] TDMA Medium - -
Z-MAC [33] CSMA/ TDMA Medium - High
Funneling-MAC [34] TDMA/ CSMA High - High
A-MAC [35] CSMA/ TDMA Medium - -
Crankshaft MAC [36] CSMA/ TDMA High - High
IEEE 802.15.4 [37] CSMA/ TDMA Medium Low -
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