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The IEEE 802.15.4 standard offers a new wireless technology aimed at lower 
power consumption, low cost, low latency and short range communication. 
“Zigbee” is termed as the commercial name for this standard. This paper 
presents a review of IEEE802.15.4 standard with a discussion of the MAC layer. 
Different network topologies have been presented and a comparison of Zigbee 
with Bluetooth has been given in detail.  
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1. INTRODUCTION 

Zigbee technology is a low rate, low power consumption wireless networking protocol 
that is targeted towards automation and remote control applications [1]. The IEEE 
802.15.4 committee started working on low data rate standard a short while later. Then 
Zigbee Alliance and IEEE decided to join hands and Zigbee is the commercial name for 
this wireless technology. 

2. ZIGBEE AND IEEE 802.15.4 

Zigbee shares the well established 2.4 GHz band with Bluetooth (IEEE 802.15.1 
standard) and Wi-Fi also co-existing in the same band. This is an International ISM 
(Industrial, Scientific and Medical) band, which is particularly suited for device 
implementation. Zigbee operates in two other unlicensed bands: 915 MHz in North 
America and 868 MHz in Europe [3]. The former band has 10 channels with a maximum 
data rate of up to 40 kbps supported while the later has only 1 channel that supports rate 
up to 20 kbps. [4]. IEEE standard 802.15.4 will be utilised by Zigbee products to serve 
applications in wireless sensor networks (WSN) [5], monitoring, remote controls and 
sensors etc. where relatively low data levels of data throughput are needed. 

The standard is casted upon low rate (250kbps in 2.4 GHz band) wireless personal area 
network (LR-WPAN) based system. Some of the characteristics of LR-WPAN are – 

1) Data rates of 250, 100, 40, 20 kbps. 

2) Low power consumption 

3) Low latency 

4) Energy detection 
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Two major types of devices outlined in the IEEE 802.15.4 protocol are full function 
device (FFD) and reduced function device (RFD). FFD can operate in three modes – (a) 
PAN Co-ordinator (PC) (b) co-ordinator (c) device. A typical FFD device has the 
advantage to communicate with another FFD device or with a RFD device while RFD 
device can communicate only with a FFD device [7]. Thus FFD usually serves as a PAN 
co-ordinator (PC) and RFD fulfils the task of a nominal device such as a sensor only. 

 
Fig. 1: Structure of the IEEE 802.15.4. 

The PHY packet consists of three components: the Synchronization header (SHR), the 
PHY header (PHR), and the PHY payload. The SHR enables the receiver to synchronize 
and lock into the bit stream. The PHR contains frame length information and the PHY 
payload is provided by the upper layers that includes data or commands for the recipient 
device. 

3. NETWORK TOPOLOGY 

The basic network topologies supported by the network layer are (a) star, (b) mesh, (c) 
cluster or tree. In star topology devices have to first send a message to the PAN co-
ordinator (PC) in order to communicate with each other.  Devices can directly 
communicate with each other without the intervention of PAN co-ordinator in mesh 
network topology. Cluster topology shares the features of both star and mesh topology 
[10]. 
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Fig.2: Topology Models. 

4. ZIGBEE Vs. BLUETOOTH 

Zigbee looks like Bluetooth but is simpler and has a lower data rate capacity .The best 
way to differentiate between the two technologies is to review the ideas that were laid 
down during their implementation. Following data provides a more quantative 
differentiation between the two technologies: 

Code Size: The Bluetooth with a stack of 250Kbytes has an upper hand as compared to 
Zigbee with only has a stack of 28Kbytes on an average. This is related to lower power 
consumption and low cost. 

Battery Life: Zigbee nodes uses the two AA batteries running for months while Bluetooth  
devices have a much lower battery life that makes it unfeasible in some situations. 

Range: Although Zigbee transmits data at a much lower rate as compared to Bluetooth 
but the rane of transmission exceeds over 100 metres whereas it is only 10 metres in 
case of Bluetooth. 

Networking Capabilities: The Zigbee network supports up to 65536 to millions of devices 
compared to only 8 for Bluetooth networks. 

5. IEEE 802.15.4 MAC LAYER 

The two basic services by the mac sub layer are: the mac data service and the mac 
management service. The transmission and reception of MAC protocol data units are 
handled by MAC data service. The various features of mac sub layer include beacon 
transmission, synchronization, association and dissociation. 
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3.1 Data Transmission Model 

The data is transmitted in Zigbee in 2 modes: beacon enabled and non-beacon enabled 
communication [11]. 

Beacon enabled network: Whenever any device wants to communicate with a node or 
vica-vorsa, the beacon frames are generated by the network co-coordinator which are 
responsible for the transmission of data. 

 

Fig. 3: Data transfer in 802.15.4 PAN in beacon enabled mode. 

Non Beacon enabled network: For the non beacon enabled network, beacon frames are 
randomly transmitted by the co-coordinator from time to time. 

3.2 Super frame Structure 

When the network is operating in beacon-enabled mode, the channel-time is divided into 
superframes.PAN decides the format of a super frame structure. No beacons are 
transmitted when the PAN does not use the super frame format. The communication in a 
beacon-enabled network takes place during the active portion of the super frame only. 
The super frame structure set up by the PAN is used to control the channel access. 
Beacons are transmitted periodically and provides 16 equal-width time slots[13,14] 
between beacons for contention free channel access in each time slot .However, to 
improve the quality of service(QoS),the PAN may allocate up to 7 guaranteed time 
slots(GTS)per beacon and a GTS can occupy more than one slot period. No beacons 
are transmitted by the pan co-coordinator when the values of Mac Beacon Order and 
Mac SuperFrameOrder are set to 15 and the GTS shall not be permitted in this state. 
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Fig. 4: Super frame Structure. 

Every frame structure consists of: 

a) MAC frame header (MHR), which include frame control, sequence number and 
address information. 

b) MAC frame payload (MAC payload) of variable length containing specific frame 
information.  

c) MAC frame tail (MFR) that contains FCS. 

There are 4 frame types in MAC layer: beacon frame, data frame, request frame and the 
command frame [16]. 
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