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Abstract. The IEEE 802.15.4e standard was published in 2012 as an
amendment to the Medium Access Control (MAC) protocol defined by
the IEEE 802.15.4-2011 standard. The purpose of this paper is to evalu-
ate the Timeslotted Channel Hopping (TSCH) mode of IEEE 802.15.4e
in the context of IoT (Internet of Things) regarding environment and
changes in application requirements. A simulation scenario of a typi-
cal domestic sensor network is designed to evaluate the TSCH mode
in a dynamic environment with the presence of WiFi devices. Also are
explored the upper and lower bounds in performance gain due to self-
learning. The relatively recent release of such standard accounts for its
lack of support in network simulators and this work implements the
TSCH in the well known open-source network simulator ns-3. This work
enables the preview analysis of TSCH networks, decreasing necessary
resources and therefore facilitating the use of such networks for social
goods such as health monitoring, The results clearly show that the pres-
ence of WiFi signals greatly degrades the IEEE 802.15.4e network per-
formance, in terms of throughput, delay and energy consumption. When
applying self-learning techniques to avoid degraded channels, the network
can properly function and achieves better performance. Also, a signifi-
cant decrease in delay is also achieved when adapting the slotframe size
according to the number of active devices.

1 Introduction

Wireless sensor networks are composed by several sensor nodes that link the
physical with the digital world by transforming the sensed analog information
into digital data.

The IEEE802.15.4e Timeslotted Channel Hopping (TSCH) [1] aims to
enhance and add functionality to the 802.15.4 MAC layer for better support
the industrial markets. This work evaluates the performance of channel hop-
ping (TSCH) operational mode of IEEE 802.15.4e Amendment. Consequently,
this work implements the TSCH mode in the ns-3 [5] network simulator. The
implementation is verified by known results and a simulation scenario is designed
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to investigate the performance of TSCH under dynamic conditions of channel
quality and number of active devices in the network. The paper is organized as
follows: Sect. 2 overviews the main features of 802.15.4e, Sect. 3 describes the pro-
posed simulation scenario, Sect. 4 discusses and analyses the results and finally,
Sect. 5 concludes this work.

2 IEEE 802.15.4e Amendment

Three new MAC operational modes are defined in this amendment: Low Latency
Deterministic Network (LLDN), Deterministic and Synchronous Multi-channel
Extension (DSME) and Timeslotted Channel Hopping (TSCH). Channel hop-
ping was introduced to increase network resilience, devices hop among predefined
frequency bands, so if there is some interference in a channel, the next one may
be in better conditions.

TSCH is a deterministic mode, all communications are previously scheduled
during the PAN formation or pre-configured into devices. A slotframe repeats
using devices’ shared notion of time, each slotframe is composed by timeslots,
which contains a link between two devices.

3 Simulation Scenario

The proposed scenario simulates a wireless acoustic sensor network used in a
family home. As shown in Fig. 1 the residence dimension’s are 8 by 11 m and it
has 5 rooms. The sensor network features 16 devices, one as the central sink,
which receives and processes all information generated by the other 15 devices.

Fig. 1. House schematic used as simulation scenario

The network is configured with one slotframe with 15 timeslots, each timeslot
has a length of 10 ms. Sensors produce 114 bytes of data (maximum allowed
considering a header of 13 bytes) every 10 ms.

An IEEE 802.11-2007 [6] (WiFi) compliant device is disposed next to the
central sink, it is configured with a transmit power of 0.1 W and channel 6 to
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Table 1. Activity levels

Activity Description Time of the day Nodes WiFi activity

Low Everybody sleeping 23 h to 07 h 3 None

Medium 1 or 2 people present 09 h to 17 h 6 50%

High Everybody present 07 h to 09 h and 17 h to 23 h 15 100%

generate a PSD according to the above mentioned standard. The Friis propa-
gation loss model [15] is used to represent the signal’s energy loss during the
transmission.

The proposed scenario has a 24 h duration, through the day the number of
people in the house changes, as well as the activity of the sensor network and of
the WiFi interferer. Table 1 describes the 3 possible activity levels.

4 Results

The presence of a WiFi device in the simulated scenario causes a heavy influence
on the sensor network behaviour. Such variance happens due to the attenuation
that the WiFi signal suffers along the path to the devices antenna. The graph in
Fig. 2 shows the BER observed by the sink node of a transmission performed for
each device of the sensor network. As can be seen, the WiFi interferer influences
all devices of the network, even the signal from the closer devices are too low
compared to the WiFi signal. A BER of 10−9 is often considered the threshold
as an acceptable condition, Fig. 2 shows that this is only achieved in channels 24,
25 and 26, where there is no WiFi interference, considering that all transmissions
in the affected channels would fail or not pass the CCA scheme, only 18,75 % of
those transmissions would succeed.

In this study three aspects of the network are analysed: throughput, delay
and energy consumption. In order to validate the obtained data a mathematical
analysis is performed and compared with the simulation results. Each activity
level is analysed for its throughput and then compared with simulated results.
Since the slotframe configuration remains the same through all activity levels
(with 15 timeslots), there is a different optimal throughput for each one (Table 2).

In Fig. 3 shows the simulated results with and without interference. The
results without interference are, as expected, equal to the calculated through-

Table 2. Maximum throughput for each activity level

Activity level Nodes active Maximum throughput

Low activity 3 20.32 kbps

Medium activity 6 40.64 kbps

High activity 15 101.60 kbps



260 L. Pacheco et al.

Fig. 2. BER of each channel for each device

puts, this validates the implementation in an ideal scenario where there is no
packet loss due to interference.

The first region is relative to a low activity level, which has no WiFi interfer-
ence, and the maximum throughput of 20.32 kbps is reached. The second region,
relative to a high activity level, reaches 18.9 % (19.202 kbps) of the through-
put required by the application, this result corresponds to the 18.75 % success
rate previously obtained, with transmissions only being successful in 3 of the
16 channels. The third region, relative to a medium activity level, reaches 60 %
(24.384 kbps) of the throughput required by the application in this level, consid-
ering the WiFi interferer is active during 50 % of the time, in half of this region’s
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Fig. 5. Energy consumption, in J, of devices O, L and I in each region and throughout
the entire simulation

duration the throughput should be as required by the application, in the other
half it should be only 18.75 % of the required value, this scheme corresponds to
59.375 % of the required throughput which validates the value obtained by the
simulation.

The impact of interference in the network’s delay is shown in Fig. 4. The
maximum delay without interference is 0.15 s, relative to the length of the slot-
frame. In the presence of the WiFi signal, the delay quickly increases going to
impractical values. The slope of the line relates with the success rate, in the high
activity level the slope is around 77.6◦ and in the medium activity level the slope
is 34.9◦.

Using the realistic energy model for TSCH [16], Fig. 5 shows the energy con-
sumption by devices O, L and I in each region of the simulated scenario. Device
O represents nodes active through the entire simulation, device L represents
nodes active only in regions 2, 3 and 4, and device I represents nodes active only
in regions 2 and 4. Since regions 1 and 3 have the same duration, the impact
of the WiFi interferer (with a duty cycle of 50 %) in energy consumption can
be observed, in region 1 is which device O consumes 1.277 J while in region 3 it
consumes 0.989 J.

5 Conclusion

This work analysed the performance of a TSCH network. The results show that
in an environment with interference it is indispensable to deploy self-learning
techniques. These techniques mainly restrict the channels used by the channel
hopping scheme to only the ones with a minimum quality. It was also observed
that changing the slotframe size to bear only active devices can bring a huge
improvement in the network’s delay. This work’s analysis was enabled by the
TSCH model developed under the ns-3 network simulator, which, for the best of
our knowledge, is the first simulator to implement the IEEE 802.15.4e standard.
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As a result of the implementation several additions and corrections were also
made for the IEEE 802.15.4 model, with the main addition being the interference
support.

As future work, certain enhancements can be implemented in the features of
TSCH, such as shared timeslots and the synchronization scheme. A full IEEE
802.15.4e model implementation, including other MAC schemes, would provide
a tool to assist the evaluation of the entire standard and the development of new
proposals made by the academic community. Part of this research was funded
under the IWT SBO project Sound INterfacing through the Swarm (SINS).
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