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Abstract—In this paper, we study the existing MAC protocols
for Wireless Body Area Networks. We compare quantitatively
and qualitatively these protocols based on a set of proposed
requirements, to sort out the MAC protocols that support all
the stringent requirements of WBAN. We analyze, discuss and
suggest open issues in the field of MAC protocol design as a
reference for future contributions and developments in WBAN
MAC protocols.
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I. INTRODUCTION

Every year, millions of people die because of chronic or
fatal diseases such as cancer, cardiovascular disease, asthma,
diabetes, etc. The common problem with all these diseases
is the late diagnosis. Therefore, future health care systems
should provide proactive wellness management and concen-
trate on early detection and prevention of diseases [1]. With
the development of technologies such as microelectronic-
miniaturization, sensors, Internet and wireless networks, the
application of Wireless Body Area Network (WBAN) has
significantly increased to improve patient monitoring systems
in hospitals, residential and working places. WBAN has
enormous potential to revolutionize the future of health care
monitoring by diagnosing many deadly diseases and providing
remote and real-time monitoring of a patient’s health status
without any restrictions, which improves the quality of life of
the patients and reduces the costs of hospitalization.

As WBAN technology gains worldwide interests, consider-
able research efforts are dedicated to propose new Medium
Access Control (MAC) protocols in order to satisfy all
the stringent requirements of WBAN, such as the energy-
efficiency, the Quality of Service (QoS), the reliability and
the priority.

In this paper, we propose a set of requirements for WBAN
MAC protocols, synthesized from many surveyed papers.
Then we elaborate a quantitative and qualitative comparative
analysis based on these requirements. Finally, we identify
current problems and open research issues in WBAN MAC
Protocol design. Other surveys [36 − 39] present interesting
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results, however they do not cover all protocols we studied,
nor do they compare them according to our thorough list of
requirements.

The remaining sections of this paper are organized as
follow: section 2 defines the principal concepts of Wireless
Body Area Network, section 3 describes the existing MAC
protocols designed for WBAN, section 4 provides a compara-
tive synthesis of protocols described, and section 5 concludes
our work.

II. WIRELESS BODY AREA NETWORK

In this section, we present the principal concepts of WBAN.
We first define the WBAN. Then, we define the components
and communication architecture of WBAN. Finally, we present
their stringent requirements.

A. WBAN definition

The WBAN is also called WBSN (Wireless Body Sensor
Network) [2]. WBAN is composed of bio-medical sensors
nodes that can be worn on or placed in the human body to
measure certain physiological parameters of the human body
(e.g., temperature, pressure). These sensors nodes must wire-
lessly send their data to a control and monitoring device (e.g.,
coordinator) carried on the body. This device then delivers its
data via a cellular or Internet network to an emergency center
or a doctor room on the basis of which an action can be taken.

B. WBAN components

WBAN components are divided into three classes [1] [3]:
personal device, actuator and sensors node.

Personal device: is called also coordinator, aggregator or
hub. It collects all the informations acquired by the sensors
nodes and actuators, then sends them to the user (e.g., the
patient, a nurse, a doctor) via an external gateway.

Actuator: is a device that is acting according to the data
received from the sensors nodes or by interaction with the
user, i.e., such as an actuator with a reservoir and an integrated
pump, provides the correct dose of insulin to give it to
diabetics based on glucose level measurements.

Sensors node: allows to measure certain internal and ex-
ternal parameters of the human body and to send these data
to the personal device. It can integrate one or more actuators.
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The sensors are divided into three categories: physiological
sensors, biokinetic sensors and ambient sensors.

• Physiological sensors: measure ambulatory blood pres-
sure, continuous glucose monitoring, body temperature,
oxygen in the blood, and signals related to inductive
respiratory plethysmography, ElectroCardioGraph (ECG),
ElectroEncephaloGraph (EEG) and ElectroMyoGraph
(EMG).

• Biokinetic sensors: measure the acceleration of the sen-
sors and the angular velocity of rotation resulting from
human movement.

• Ambient sensors: measure environmental phenomena,
such as humidity, light, sound pressure level and tem-
perature.

C. WBAN communication architecture

The communication architecture in the WBAN is divided
into three levels: Level-1. Intra-WBAN, level-2. Inter-WBAN
and level-3. Beyond-WBAN [1] [4].

Level-1: is the communication between the nodes / actuators
and the coordinator in a space of 2 to 5 meters surrounding
the human body.

Level-2: is the communication between the coordinator and
one or more access points. This communication interconnects
the WBAN with several networks to facilitate the arrival of
the data to the user.

Level-3: is the connection between Level-2 and the medical
server via the Internet. In a medical application a database is
one of the most important components of level-3 as it includes
medical history and user profile. Thus, doctors or patients can
be informed of an emergency status either by Internet or by a
short message service (SMS).

D. WBAN requirements

WBAN presents several requirements, while energy-
efficiency, QoS, reliability, priority, scalability, security, us-
ability and compatibility with the PANs are the stringent
requirements.

Energy-Efficiency [2]: the lifetime of the network must be
long especially for the nodes that are placed in the human
body, which requires a low energy consumption.

QoS [1 − 3]: QoS supports real-time transmission, end-to-
end latency that is less than 125 ms for medical applications,
Packet Error Rate (PER) and the Packet Delivery Ratio (PDR).

Reliability [1 − 3]: it is necessary to guarantee the correct
reception of the data in a limited time.

Priority [2]: the WBAN must support different types of
traffic, i.e., normal, periodic or emergency. The latter must
have the priority.

Scalability [1] [4]: the ability of the network to continue
to operate with the same performance despite the addition of
other nodes.

Security [2] [3]: communication of health information be-
tween WBAN nodes and servers via the Internet is strictly
private and confidential and should be encrypted to protect
the privacy life of patients.

Usability [2] [3]: ease of use and configuration of nodes
especially for people who do not know how to use the new
technologies.

Compatibility with the PANs [2]: the WBAN must be
able to communicate with other devices using PANs such
as Bluetooth. The existing MAC protocols supporting these
requirements will be presented in the next section.

III. MAC PROTOCOLS FOR WBAN

In this section we present the existing MAC protocols
designed for WBAN. First, we detail the protocols that support
more than one requirement. Then, we cite the other protocols
that support mainly one requirement of WBAN.

The primary goal of MAC protocols is to organize the access
time to the shared medium between nodes. We distinguish
two approaches for choosing the moment of access to the
medium: contention-based protocols and program-based or
schedule-based protocols. In the case of contention-based
protocols, several nodes will compete for the same resource by
using contention-based methods such as CSMA/CA (Carrier
Sense Multiple Access with Collision Avoidance) or Slotted
Aloha. While, the schedule-based protocols aims to reserve
a resource for each node by using schedule-based methods
such as TDMA (Time Division Multiple Access) or polling
methods. The IEEE 802.15.4 MAC protocol is considered the
first adaptive MAC protocol for WBAN, because it is the
principal low power and low rate mecanisms for short range
communications [15]. However, it is not the best solution for
WBAN because: i) it cannot support high data rate application;
ii) it provides long transmission distance (10-75m) relatively to
WBAN requirement (3-5m) [16]. The existing MAC protocols
that support the WBAN requirements are presented in the next
subsections through chronological order.

A. IEEE 802.15.4 MAC protocol

IEEE 802.15.4 is a standard that was designed for low-
rate PANs [12]. The IEEE 802.15.4 MAC protocol sup-
ports two communication modes, and should operate in only
one: beacon-enabled mode with superframe and non beacon-
enabled mode without superframe. The beacon-enabled mode
with superframe uses a slotted Aloha or slotted CSMA/CA
methods in CAP (Contention Access Period), and uses GTSs
(Guaranteed Time Slots) in CFP (Contention Free Period).
However, unslotted CSMA/CA method is used by non beacon-
enabled mode without superframe [13]. In beacon-enabled
mode, the coordinator transmits superframes periodically [12].
The superframe is divided into an Active and an Inactive
periods as depicted in Figure 1. The Active period of the
superframe contains 16 equally spaced slots and composed
of three parts: a Beacon, a CAP, and a CFP. The coordinator
interacts with nodes during the Active period and sleeps during
the Inactive period. The coordinator transmits beacon frames
periodically in the Beacon period to achieve synchronization
of attached nodes, PAN identification and to describe super-
frame’s structure. During the CAP, a CSMA/CA method is
used for data transmission. The CFP is optional and contains
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Figure 1. IEEE 802.15.4 MAC superframe structure [12].

up to 7 GTSs in each superframe. GTSs are reserved for
specified nodes to transmit time-critical packets. The simu-
lation result in term of energy consumption that are presented
in [14] shows that the power consumed by nodes and BAN
Coordinator depends on the Duty Cycle (DC), i.e., low DC
means low power consumption. And, shows that the slotted
CSMA/CA method outperforms the other contention-based
methods, because there is no Inactive period in ALOHA and
unslotted CSMA/CA, which increases the power consumption.

B. SRMAC protocol

C. Li and al. [6] proposed the Scalable and Robust MAC
(SRMAC) protocol to support the WBAN scalability, mean-
while guarantee the QoS requirements, such as the decrease of
packet latency and the increase of the success probability of
transmission. SRMAC is based on the standard IEEE 802.15.4
MAC superframe structure. And, it changed the CSMA/CA
method used in the CAP by the Slotted Aloha method with
the concept of the mini-slot to increase the efficiency of the
contention, i.e., the one slot in the superframe consists of
four mini-slots associated to three command frames and one
acknowledgement frame (ACK). To make the CFP able to
support more nodes in the network, the authors proposed the
flexible and adaptive CFP duration to the traffic load. This
duration may be zero if there is no CFP traffic. Or, it may
occupy the whole active portion of the superframe.

To evaluate the performance of SRMAC, specialy the
performance of the mini-slot ALOHA scheme, the authors
implemented the proposed protocol. They considered a single
WBAN of one coordinator and several nodes up to 30 nodes
(or end devices). The other simulation parameters are detailed
in [6]. The results of the simulation as depicted in Figure
2, show that the mini-slot ALOHA outperforms the original
Slotted Aloha in many metrics such as the power efficiency
(Fig. 2(a)), the average packet delay (Fig. 2(b)), and the
packet dropping rate [6]. The efficiency of these parameters
affects positively the success probability of transmission and
scalability of WBAN.

C. LDTA-MAC protocol

C. Li and al. [7] proposed Low Delay and Traffic Adaptivity-
MAC (LDTA-MAC) protocol, which aims to decrease the
energy consumption of the network devices and to reduce
the average packet delay. LDTA-MAC is based on the IEEE

Figure 3. LDTA-MAC superframe structure [7].

Figure 4. Energy consumed as a function of number of end devices [7].

802.15.4 MAC superframe structure. And, it proposed a re-
vised structure, whereby the durations of the CFP and of the
Inactive period vary according to the dynamic allocation for
GTS. Thus, it proposed a method to realize the dynamic GTS
allocation.

In LDTA-MAC, the structure of the superframe as shown
in Figure 3 is divided into Beacon frame, Active and Inactive
periods. The Beacon frame is used for timing and synchroniza-
tion between the coordinator and all other nodes. The Active
period is divided into a fixed CAP period and a dynamic
CFP period. The CAP period is used by nodes to send to
the coordinator the GTS requests. The CFP period is used by
nodes to send to the coordinator their data. The coordinator
responds the GTS requests under different response time,
which is determined by the hardware implementation of the
coordinator. The method used by coordinator to schedule GTS
allocation time slots, serves at first the pre-existing GTSs
allocation, then broadcasts a notification frame for informing
all nodes about an extended CFP period that will be used to
serve the current allocation requests. However, if all time slots
are allocated the coordinator must broadcast in the notification
frame of the next superframe.

To evaluate the performance of this protocol in terms of
energy consumption and average packet delay, the authors
have implemented IEEE 802.15.4 MAC and LDTA-MAC on
the platform of MIRAI-SF [7]. They considered two different
scenarios of the coordinator response time to the GTS request.
One scenario with response time of 100 ms and the other
with 1000 ms. The other parameters used in the simulation
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(a) (b)

Figure 2. SRMAC simulation results [6]: (a) Power efficiency as a function of number of end devices. (b) Average packet delay as a function of number of
end devices.

are detailled in [7]. The Figure 4 shows that the energy
consumed by nodes increases as a function of the increase of
nodes number. Thus, LDTA-MAC consumes energy more than
IEEE 802.15.4, because all nodes still active during the active
periode. And, the simulation results in [7] show that LDTA-
MAC is effective in reducing the packet delay, especially with
a short time response for the GTS request.

D. IEEE 802.15.6 MAC protocol

The IEEE 802.15.6 standard is defined by the IEEE 802 (In-
stitute of Electrical and Electronics Engineers). In November
2007, the IEEE 802 created a group called IEEE 802.15.6 for
the standardization of WBAN. Its final version is published
in February 2012. His proposal is to define two new layers
that are the physical layer (PHY) and the MAC sublayer.
[11] The IEEE 802.15.6 MAC protocol supports three com-
munication modes, and should operate in only one: beacon
mode with beacon periods (superframes), non-beacon mode
with superframes and non-beacon mode without superframes.
In the beacon mode with beacon periods, the hub divides the
time axis (or medium) into superframes (or beacon periods)
of the same size. Each superframe contains a number of slots
of the same duration. The number of slots is between zero
and 255. The superframe structure is divided into nine access
phases as depicted in Figure 5(a): Beacon, EAP1 and EAP2
(Exclusive Access Phases), RAP1 and RAP2 (Random Access
Phases), MAP (Managed Access Phases) and CAP (Contention
Access Phase). The hub starts by sending to a node a first
Beacon frame that contains a set of informations, like the
starts and the ends of the following access phases. The second
Beacon frame is sent to inform a node about the start and the
end of the CAP access phase. In phases EAP1 and EAP2,
the node and the hub can use one of the MAC contention-
based methods, such as CSMA/CA or Slotted Aloha to send
or receive an unpredictible emergency data frames. In phases
RAP1 and RAP2, only the node can use one of the MAC
contention-based methods to send an unpredictible emergency

or ordinary data frames. During the MAP phases, the hub and
the node can use MAC schedule-based methods to send and
receive periodic or quasi-periodic data frames.

In [5] the authors implemented the IEEE 802.15.6 MAC
protocol in Castalia [5] to evaluate its performance. They
evaluated the performance of CSMA/CA method according to
data packet loss, latency and energy consumption. The results
of the simulation show that the IEEE 802.15.6 MAC protocol
perfoms efficiently in terms of data packets loss decreases
and end-to-end delay guaranteed. However, in term of en-
ergy consumption as depicted in Figure 5(b), the CSMA/CA
consumes energy because of the idle listening period of
nodes, which affects negatively the energy-efficiency of IEEE
802.15.6 MAC protocol.

E. McMAC protocol

M. M. Monowar and al. [40] proposed Multi-Constrained
QoS MAC (McMAC) protocol, which uses a novel superframe
structure, that provides the access to the medium based on
the traffic type. The traffic type classes according to the QoS
constraints, i.e., emergency traffic, both delay and reliability
constrained, reliability-constrained but not delay-constrained,
delay-constrained but not reliability-constrained, and no con-
straint in either delay or reliability. The simulation results that
is implemented in ns-2 demonstrate the performance of the
McMAC in terms of average packet delay, energy consumption
and reliability, espacially the reliability of the emergency
traffic, as depicted in Figure 6.

F. Other MAC protocols

There are other MAC protocols that have been designed
for WBAN. The majority of them are proposed to support
the energy-efficiency [18 − 35]. The primary source of the
extra energy wastage is the periodical synchronization of the
nodes with the coordinator, espacially for nodes with low duty
cycle. In [20 − 22] the authors exploited this problem. For
instance in [20], the protocol proposed aims to improve WBAN
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(a) (b)

Figure 5. (a) IEEE 802.15.6 MAC superframe structure [11]. (b) Consumed energy for different nodes and variable packet rates [5].

Table I
COMPARISON BETWEEN MAC PROTOCOLS ACCORDING TO WBAN REQUIREMENTS.

hhhhhhhhhhMAC protocols
Requirements Security QoS Reliability Priority Energy-Efficiency Scalability Usability Compatibility with the PANs

IEEE 802.15.4 MAC protocol
√ √

SRMAC protocol
√ √

LDTA-MAC protocol
√ √

IEEE 802.15.6 MAC protocol
√ √ √ √ √ √ √

McMAC protocol
√ √ √ √

MAC protocols in [18− 35]
√

MAC protocols in [8− 10] [41]
√

MAC protocol in [17]
√

Figure 6. Reliability of emergency traffic as a function of number of nodes
[40].

energy-efficiency by exploiting heartbeat rhythm information
to perform time synchronization. Other protocols are proposed
to support the priority [8−10] [41] and the reliability [17], be-
cause of the importance of these requirements to ensure mainly
the data emergency communications. A short discussion about
these protocols and about the open issues will be presented in
the next section.

IV. DISCUSSION AND OPEN ISSUES

According to our comparative study as shown in the Table
1, we observe that many MAC protocols designed for WBAN
focus principally on the energy-efficiency requirement. The
energy consumption is the dominant problem of WBAN, spe-
cially for not chargeable nodes that are planted in the human
body. As stated in the results of the simulation, the existing
energy-efficient MAC protocols have not all treated effectively
this problem, such as the LDTA-MAC and the IEEE 802.15.6
MAC protocols. The QoS requirement is also mostly supported
in MAC protocols design, especially the data packet loss

and the average packet delay metrics that are exploited very
well in SRMAC, LDTA-MAC, McMAC and IEEE 802.15.6
MAC protocols. The efficiency of these metrics ensures the
WBAN reliability and scalability, as proved by simulation
results of the SRMAC protocol. We note the same thing for the
priority requirement that is supported and exploited very well
by many protocols in term of giving to the emergency data
the transmission priority. The reliability requirement is treated
with efficacy in McMAC and in [17]. This latter has proposed a
special method to ensure the high transmission reliability, that
is affirmed through simulation results. The other requirements
are rarely supported in the MAC protocols design, except the
usability requirement which is not marked in the table above,
because it is linked to the scalability and the application’s
implementation. The compatibility with PANs requirement
was not interested by the MAC conceptors, because of their
concern to treat the Intra-WBAN problems. Despite the great
importance of the security requirement to ensure the informa-
tion safety, it is not supported by the majority of the MAC
protocols, because of the WBAN nodes’ limited resources.
As results, the conceptors should propose new cryptographic
algorithms. From this remarks, we can conclude that up to
now, there is no MAC protocol that supports all the stringent
requirements of WBAN. Although the report [11] says that the
IEEE 802.15.6 MAC protocol supports several requirements,
but there is not a whole evaluation that affirms the performance
of this protocol, to configure it in the WBAN nodes. The
future works should evaluate the performance of the IEEE
802.15.6 MAC protocol to judge its usefulness for WBAN, and
propose new MAC protocols that can support all the stringent
requirements of WBAN.

V. CONCLUSION

In this paper, principal concepts of Wireless Body Area
Networks are defined. An overview of the existing MAC
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protocols for WBAN is provided. Also, a quantitative and a
qualitative comparison between these protocols is presented.
The results of our study show that up to now, there is no
MAC protocol that supports all the stringent requirements of
WBAN. The only MAC protocol that takes account several
requirements is the IEEE 802.15.6 MAC protocol. However,
the studies and the simulations of this protocol still few and
modest, and prevent us to considerate it as an appropriate MAC
protocol for WBAN.
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