
Survey of routing protocols for low
power and lossy networks (LLN)

Srivarshini S1 and JayaVignesh Thyagarajan2

1School of Electronics Engineering
Vellore Institute of Technology(VIT),Chennai

srivarshini179@gmail.com
2School of Electronics Engineering

Vellore Institute of Technology(VIT),Chennai
jayavignesh.t@vit.ac.in

Abstract

This paper describes a survey on the low power and lossy
networks (LLN), with their role in the Internet of Things
(IoT). LLNs have an important role in IoT for data trans-
mission. They operate at a very low data rate. Among all
the technologies, the most used technologies are ZIGBEE
and LoWPAN. Routing over low power and lossy networks
(ROLL), is a part worked on by IETF (Internet Engineer-
ing Task Force), which helps in improvising the standards
of internet architecture for better communication. Routing
protocols are the area worked on by IETF. Various rout-
ing protocols have been used, to find the best fit. A survey
of these routing protocols is seen in this article. Protocols
named RPL and LOADng are discussed in depth. Further
enhancements in these protocols are made with a compar-
ative study which can result in bringing out the enhanced
routing methodology for LLN.
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1 Introduction

The world of IoT (Internet of Things) is a wide boon that has
the ability to virtually interface human day to day tasks with the
environment.A set of protocols is required to maintain the effective
working of it. Many technologies fall under this with support IoT
platform. IEEE 802.15.4-low rate wireless personal area network
(LR-WPAN) is a part of WSN (wireless sensor networks) which
plays a major role in IoT. Low power means is that they operate at
250 kbps/sec. In such a low data rate, bringing the transmission of
data without any loss is the ultimate aim of designing a new routing
protocol but also that they should be reliable and cost-effective to
produce the best results.[1].The paper begins with the overview of
all the technologies, followed by the literature survey along with a
comparison table and which concludes the survey stating a solution
for a better routing protocol.

2 Overview

2.1 Zigbee:

It is specially built for networks that handle many devices at low-
data rates. They have 60-256 KB of flash memory. ZIGBEE pro-
vides the ability to run for years with its battery withstanding ca-
pability. They operate at 868 MHz, 902-928MHz, and 2.4 GHz
frequencies which varies according to the location where the ZIG-
BEE is used. ZIGBEE devices have low latency which operates with
”carrier sense multiple access/collision avoidance” (CSMA/CA) chan-
nel type.ZIGBEE has many types of devices such as ZIGBEE co-
ordinator, Router, and End device.[2]

2.2 6LoWPAN:

6LoWPAN technology was introduced in 2016. It was initially
LoWPAN which was supported by internet IPv4. Since the address
space at the time had not been sufficient, IPv6 was introduced. This
eventually lead to the name 6LoWPAN, where LR-WPAN(low rate-
WPAN) networks were working under IPv6.
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Figure 1: 6LoWPAN Protocol Stack

2.2.1 Special features of 6lowpan:

Adaptation layer is the most important layer of the 6LoWPAN. It
allows IPv6 for maximum of about 1280 bytes as the packet size.

2.2.2 Routing scheme categories:

Mesh-under approach: Routing is performed in the adap-
tation layer but not at LoWPAN under IP routing.

Route-over approach: Routing is performed in the network
layer and the nodes act as servers in the IP routing.[3]

3 Literature Review

Problems faced during routing are traffic patterns, energy effciency,scalability
mobility, bi-directionality, transmitter usage. In order to reduce
these problems the routing can be done with 5 different methods
.i.e. Hop-by-Hop, Source Routing, Proactive, Reactive and Infor-
mation Centric. .[4]

• Hop-by-Hop: No prediction of path before sending data.

• Source Routing: Routing is done in a defined path and only
in that path the data will be transmitted.

• Proactive: Gathers all routing information in a network.

• Reactive: Start transmitting data only when it is necessary.

International Journal of Pure and Applied Mathematics Special Issue

377



• Information Centric: Only for wired networks.

The features of link layer in 6LoWPAN are addressing, length
indication, unicasting and broadcasting, framing and error check-
ing. The mode supported in 6LoWPAN is simple carrier sense mul-
tiple access algorithms (CSMA).6LoWPAN supports the following
features of IPV6 and this enhances the performance of the routing
bringing out better results.[5] The features are

• Header compression is seen for both IPV-base and UDP head-
ers.

• Supports unicast, multicast, and also broadcast technique.

• Link layer mesh networking is supported.

In RPL, routing metric works with the DSR that uses DAG
(directed acyclic graph) routing protocol. RPL uses 3 important
control messages such as DAO (Destination Advertisement Ob-
ject),DIO (DAG Information Option) and DIS (DODAG Informa-
tional Solicitation). Here the messages follow peer-to-peer traffic.
To avoid redundancies, trickle algorithm is used (sending messages
at different instances/ half interval of time). Also reducing the
energy consumption can increase network lifetime. To bring this
to effectiveness a new routing protocol called energy aware node
metric (RERBDI) is proposed, which uses battery discharge index
(BDI) and residual energy ratio (RER). It is seen that they offer
higher battery remaining energy and better network lifetime.[6][7]

In 6LoWPAN, routing are broadly classified into 2 types namely
pro-active and reactive. The performance of two prominent on-
demand routing protocols .i.e. DSR and AODV is seen. AODV
routing has an eminent feature where it only works if required to.By
this battery lifetime of the nodes is increased. Even though RPL
is standardized they had certain drawbacks, which lead to the in-
troduction of AODV protocol. Comparative study between AODV
and RPL are done with certain parameters such as packet delivery
ratio and average end-to-end delay of data packets are considered
and it is seen that AODV produces better results than RPL.[8]

An even better-performed routing scheme under AODV is called
LOAD or LOADng. This an on-demand protocol. LOADng is
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(LLN on-demand ad-hoc distance vector routing protocol next gen-
eration).This is an evolved version of AODV. LOADng is a lightweight
on-demand protocol. This technique has better routing than AODV,
and produces effective results than AODV.[9]

Figure 2: Multipath Routing Techniques

The above figure represents the routing possibilities in mesh
networking.[13]

Load balancing along with mobility is another criteria where
routing can be more effcient in which mobility and load-aware rout-
ing named (MLR) is introduced.This technique is used to reduce
flooding of packets. Here the nodes take the authority to decide
to forward the packet or not. In this case, though the hop count
increases, the stability and load in this path is reduced.[10]

Maximizing the network lifetime, minimizing total transmission
cost, faster route recovery, extended battery lifetime are the impor-
tant measure to me maintained in designing a new routing protocol.
To satisfy these countermeasures a new routing protocol called the
MRPL (multipath routing algorithm) was introduced. It involves
routing of data to many nodes from a parent node, instead of for-
warding to the destination in a single path. Here the packet loss is
reduced by 40 percent.[11]

LOAD routing method has network overhead and hence MLOAD
(multipath LOAD) technique is introduced. Parameters used for
comparison are Average Per Route Discovery Overhead and Aver-
age Routing Overhead. Simulation results show that MLOAD are
efficient than LOAD and further reduces power consumption.[12]

A comparative study on the above discussed routing methods
are being tabulated below, stating the results at different scenarios.
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Figure 3: Comparison Table

4 Conclusion

It is seen from the above survey that LOAD(ng), plays an efficient
role. Techniques such as mobility and multipath helps to produce
even better results.Combined techniques, together leads to better
enhancement in latency, end-to-end delay, and also on the size of
network. Since working with such a lossy environment it is neces-
sary to consider all these factors mentioned above. Hence a better
solution to this survey is multipath and mobility techniques which
can be implemented on LOAD(ng) to bring out the disadvantages
in RPL.
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