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ABSTRACT 

In the era of expansion of smart sensing interconnected devices and their growing application in 

complex systems, the application of wireless communication technology becomes evident. Many 

wireless technologies are developed to facilitate the growth of systems such as the Internet of Things 

and Smart Cities. The application of a particular wireless technology in a particular system depends on 

many factors, such as purpose, requirements, complexity, range, and node deployment. IEEE 802.15.4 

is a technical standard that defines the operation of low-rate wireless personal area networks. It is used 

as the basis for a group of network standards and protocols designed for wireless sensor networks. In 

this article, the basic features of the emerging IEEE 802.15.4g SUN low-powered wireless network 

standard, its application scenarios, and performance analyses are presented. 
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INTRODUCTION 

The appliance of a variety of emerging wireless communication technologies grows together 

with the increase in the numbers of smart sensing interconnected devices and their application 

in complex systems. All these factors influenced the development of a variety of metering 

systems applicable in industry and new field services designed to improve the efficiency and 

productivity of utility sites, especially in the smart-grid infrastructure. These new services, 

among others, are the Smart Metering Utility Networks (SUN). SUNs enable multiple 

applications to operate over shared network resources, providing monitoring and control of 

utility systems. The scenarios of usage of SUNs include very large-scale, low-power wireless 

applications designed to use the maximum power available under applicable regulations. The 

technology should provide long-range, point-to-point connections and coverage of geographically 

widespread areas containing a large number of outdoor devices. Wireless SUN (Wi-SUN) 

networks are designed to enable wireless connectivity between smart-grid devices. Wi-SUN 

Alliance [1] is a consortium of global corporations and world leaders in Smart Utility, Smart 

City, and IoT Markets formed to improve utility networks using narrowband wireless technology. 

With the existence of a great number of applicable wireless technologies used to facilitate the 

growth of these systems, experiments on the usability of emerging technologies in industrial 

environments continue to have an important role. The IEEE 802.15.4 is a technical standard 

that defines the operation of Low-Rate Wireless Personal Area Networks (LR-WPANs). This 

standard is used as the basis for a group of network standards and protocols designed for 

wireless sensor networks. This standard has a high potential for implementation in smart 

metering and similar systems. In this article, the basic features of the emerging IEEE 802.15.4g 

SUN low-powered wireless network, its application scenarios, and performance analyses in the 

industrial environment are presented. 

IEEE 802.15.4g AND SUN NETWORKS 

IEEE 802.15.4g [2] and IEEE 802.15.4e [3] are amendments of IEEE 802.15.4-2011 [4]. These 

amendments give additional enhancement in industrial application features and radio 

communications mechanism suited for a SUN. The inclusion of various functionalities such as 

robust multihop, power saving, interference detection/avoidance, and optimized physical layer 

design are also enabled with these standards [5]. These additions to the physical layer and MAC layer 

requirements made both standards more effective for applications in SUN. IEEE 802.15.4g targets 

usage scenarios in Neighbourhood Area Networks (NAN) too, for the environments where utility 

meters are deployed outdoor and form mesh/ad hoc networks [6]. Compared with the baseline 

standard, such usage scenarios present more technical challenges due to a harsher environment [7]. 

The IEEE 802.15.4-2015 [4] standard revision dates from 2015. It includes three new physical layers 

targeted to SUN applications. The three layers are MR-FSK, MR-OQPSK, and MR-OFDM. MR 

stands for multi-rate multi-regional. The MR-FSK and MR-OQPSK modulations focus on 

maintaining backward compatibility with previous standards and commercially available 

transceivers, whereas the MR-OFDM focuses on adding robustness and improving spectrum 

efficiency at the physical layer [7]. The IEEE 802.15.4g as revision defines the PHY 

specifications for outdoor networking environments, e.g. Wi-SUN. The frequency bands for this 

technology are 868 MHz (Europe), 915 MHz (USA), and 2,4 GHz ISM (global). Combining 

different parameter values (speed, bandwidth, etc.), this standard offers numerous options for 

PHY, and achievable speeds ranging from 6.25 kbps to 800 kbps and frames up to 2 047 bytes [2, 8]. 

Besides the data rates up to 800 kbps, the IEEE 802.15.4g SUN specification supports a long 

communication range of several hundred meters and a reliable mesh-routing protocol, which is 

expected to be a promising solution for mesh sensor networks. It has been processed to offer a global 
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standard that facilitates large-scale process control applications, such as smart-grid networks. This 

standard also provides application mainly to outdoor communications, and mechanisms to coexist 

with other systems in the same bands, such as the IEEE 802.11, IEEE 802.15, and 802.16. [9] 

The Wi-SUN systems for the wide-area of the IoT are composed of two types of wireless 

stations, i.e. the devices and the coordinators. In the uplink (UL), the devices with sensors or 

meters transmit acquired data to the coordinators. In the downlink (DL), the coordinators send 

control signals to the devices. Although Wi-SUN systems support multi-hop transmission, 

from the viewpoint of running cost, the area in which the coordinators can communicate with 

the devices directly should be as wide as possible. [10] 

APPLICATIONS OF IEEE 802.15.4g Wi-SUN 

The usage of the IEEЕ 802.15.4.g standard for smart metering and SUN as a part of a smart 

grid is presented in the article [6]. In other research [8], the example of an application of IEEЕ 

802.15.4g standard in healthcare systems, developed for health monitoring and data 

aggregation is given. The article [11] shows the application of the IEEE 802.15.4.g standard in 

environmental indoor monitoring systems for sensing temperature, humidity, CO2, and energy 

control. The article [12] presents the usage of IEEE 802.15.4g for OpenMote open-hardware 

prototyping ecosystems, which is used for the implementation of the Industrial Internet of 

Things (IIoT). In the research [13] the evaluation of IEEE 802.15.4g is given for environmental 

monitoring and it is proved that this standard can be used for outdoor operations with the ability 

to reduce the number of repeater nodes. In the same research, the usage of the IEEE 802.15.4g 

standard for monitoring, intrusion and fire detection, elevator monitoring, HVAC, and lighting 

management in Smart Building application is presented. The article [5] shows the usage of 

IEEE 802.15.4g in applications in outdoor environments for facilitating communication in 

SUN, machine-to-machine (M2M) networks, and sensor networks. 

In [10] a wide area Wi-SUN system is proposed based on IEEE 802.15.4g composed of a high-

performance base station (BS) and terminal devices with sensors and meters. In the proposed 

system, the high-performance BS is developed as the coordinator, which is rich in power supply 

and calculation resources. In the DL, transmission power is enlarged, and in the UL, high gain 

directional antennas are used, e.g. the transmission power of the BS is around 10 dB more 

compared to other devices. In the same research, a method for measuring the performance of 

proposed systems during the field experiments in the urban area is presented. 

PERFORMANCE ANALYSES OF IEEE 802.15.4g 

Considering the potential of the IEEE 802.15.4g, the evaluation and analysis of the 

performance of standards are presented in this article. For the evaluation, the data set presented 

in [7] is used. The data set is available at [14]. During the evaluation, the three PHY layers are 

compared: SUN-FSK, SUN-OQPSK, and SUN-OFDM. The data set is collected during the 

experiment described in the same source [7] in the industrial indoor environment. Eleven nodes 

are evaluated. The distances of the nodes from the receiver range from 34 to 273,5 meters. The 

data set is evaluated in two ways. First, the measured Received Signal Strength Indicator (RSSI) 

data from each node are compared with the ITU Indoor Propagation model [15]. The estimated 

signal strength at the receiver side is calculated using the following formula: 

 Prx = Ptx+Gtx+Grx –Lpl. (1) 

The parameters of the formula (1) are as follows: Prx is received power presented in dBm, Ptx 

is transmitter output power also in dBm, Gtx is transmitter antenna gain in dBi, Ltx is total 
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transmitter losses in cable, connectors, etc. in dB, and Lpl is propagation loss or path loss also 

in dB, calculated with the formula (2). 

The ITU indoor propagation model uses the following formula [15] for calculating indoor 

propagation path loss Lpl in decibels [dB]: 

 Lpl = 20·log10(f) + N·log10(d) +Lf(n) –28, (2) 

with the following parameters: N is the distance power loss coefficient, f is the frequency in MHz, 

d is the distance in meters, Lf(n) is the floor penetration loss factor in decibels, n is the number of 

floors between the transmitter and the receiver. The Lf(n) is omitted from the calculation because 

all nodes in the experiments were deployed at the same level. In [15] the recommended values for 

N are 22, 28, and 30. For the best fitting of the model, the range of values from 22 to 38 are used 

for N to achieve the highest accuracy in estimating signal strength. The best-fitting is determined 

with the use of the Root Mean Square Error (RMSE) value. 

RESULTS 

The results of the analyses are displayed in Fig. 1. The SUN-FSK is shown in Fig. 1 a) with 

the best fitting for the value of N = 34, and the SUN-OFDM is shown in Fig. 1 b) with the best 

fitting for the value of N = 31. 

  

 

 

Figure 1. The accuracy of the ITU model with a) SUN-FSK and b) SUN-OFDM modulation. 

The fitting of the ITU indoor model with the different values for N and with resulting RSME 

in decibels is shown in Table 1. The SUN-FSK and SUN-OQPSK have similar results with the 

lowest RMSE with N = 34 when RMSE is around 4,6 dB. SUN-OFDM has the best fitting with 

N = 31 when the RMSE is 4,46 dB. 

a) b) 
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Table 1. The architecture of the learning system. 

No. Modulation TX frequency N value RMSE 

1 FSK 863.125 22 26,0868 

2 FSK 863.125 28 13,9049 

3 FSK 863.125 30 10,0506 

4 FSK 863.125 34 4,6304 

5 OQPSK 868.3 22 26,0357 

6 OQPSK 868.3 28 13,8555 

7 OQPSK 868.3 30 10,0037 

8 OQPSK 868.3 34 4,6219 

9 OFDM 863.425 22 20,199 

10 OFDM 863.425 28 8,3934 

11 OFDM 863.425 30 5,2909 

12 OFDM 863.425 31 4,4611 

The second approach in comparison of three different PHY layers is the analysis of the 

variations of signal strength of nodes 5 653 and 630a. Two nodes are selected as the closest (5 653) 

and furthest (630a) nodes from the receiver. The distribution of RSSI per packet of those two 

nodes is shown in Fig. 2 for node 5 663 and in Fig. 3 for node 630a, for FSK, OQPSK and 

OFDM respectively.  

  

 

 

 

Figure 2. The RSSI of packets of node 5 653 a) SUN-FSK b) SUN-OQPSK c) SUN-OFDM. 

In Fig. 2 and Fig. 3 it can be seen that the packet RSSI distribution differs for all three 

modulations. The standard deviation of RSSI for node 5 653 is 5,0187 dB for SUN-FSK, 

5,0663 dB for SUN-OQPSK, and 4,7193 dB for SUN-OFDM. Node 5653 is deployed at a 

distance of 34 m from the receiver. The difference between the maximal and minimal RSSI 

values is 43 dB for SUN-FSK, 44 dB for SUN-OQPSK, and 30 dB for SUN-OFDM. 

 
 

 
 

 
 

Figure 3. The RSSI of packets of node 630a a) SUN-FSK b) SUN-OQPSK c) SUN-OFDM. 

a) c) b) 

a) b) c) 
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The distance between the node 630a and the receiver is 273,5m. The standard deviation of 

RSSI is 3,5661 dB for SUN-FSK, 3,9341 dB for SUN-OQPSK, and 1,5061 dB for SUN-OFDM. 

The difference between the maximal and minimal RSSI values is 23 dB for SUN-FSK, 25 dB 

for SUN-OQPSK, and 15 dB for SUN-OFDM. 

CONCLUSION 

This article deals with the performance analyses of the IEEE 802.15.4g Wi-SUN and its behavior 

in industrial applications. The third-party dataset is used for the analyses. The analyzed data 

contain the RSSI of received packets and the distance between transmitter and receiver. For the 

analyses, the comparison of collected data with the ITU indoor propagation model is made. The 

ITU model shows great accuracy in the estimation of the received signal strength (RSSI) for given 

locations and experimental environments. The distribution of received packet strengths, as well as 

the values of standard deviation, indicate that the IEEE 802.15.4g Wi-SUN technology is highly 

applicable for industrial scenarios. This research and its results will be used as a motivation for 

authors to make further analyses and experimentation with the IEEE 802.15.4g technology. 
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