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Fig. 1. Applications of LPWA technologies across different sectors

throughput things. A very long range of LPWA technologies
enables devices to spread and move over large geographical
areas. IoT and M2M devices connected by LPWA technolo-
gies can be turned on anywhere and anytime to sense and
interact with their environment instantly. It is worth clarifying
that LPWA technologies achieve long range and low power
operation at the expense of low data rate (typically in orders
of tens of kilobits per seconds) and higher latency (typically in
orders of seconds or minutes). Therefore it is clear that LPWA
technologies are not meant to address each and every IoT use
case and caters to a niche area in IoT landscape. Specifically,
LPWA technologies are considered for those use cases that
are delay tolerant, do not need high data rates, and typically
require low power consumption and low cost, the latter being
an important aspect. Such MTC application are categorized as
Massive MTC [7] in contrast to Critical MTC [7] applications
that require ultra-low latency and ultra high reliability. The
latter are definitely out of the remit of LPWA technologies
because their stringent performance requirements such as up
to five nines (99.999%) reliability and up to 1-10 ms latency
cannot be guaranteed with a low cost and low power solution.
While LPWA technologies, for this reason, are not suitable
for many industrial IoT, vehicle to vehicle (V2V), and vehicle
to infrastructure (V2I) applications [8], they still meet the
needs of a plethora of applications for smart cities, smart
metering, home automation, wearable electronics, logistics,
environmental monitoring etc. (see Figure 1) that exchange
small amount of data and that also infrequently. Therefore,
appeal of LPWA technologies, although limited by its low data

rate, is still broad. This is the reason why LPWA technologies
generated so much interest after the proprietary technologies
such as SIGFOX [9] and LORa [10] hit the market.

At this moment, there are several competing LPWA tech-
nologies, each employing various techniques to achieve long
range, low power operation, and high scalability. Section II
presents these design goals and describes how a combina-
tion of different novel techniques actually achieves them.
Section III then discusses several early proprietary LPWA
technologies and their technical features, highlighting the
need for standardization to flourish IoT ecosystem. To this
effect, several well-known standard developing organizations
(SDOs) such as European Telecommunications Standard In-
stitute (ETSI) [11], Third Generation Partnership Project
(3GPP) [12], Institute of Electrical and Electronics Engineers
(IEEE) [13], and Internet Engineering Task Force (IETF) [14]
are working towards the open standards for LPWA technolo-
gies. Further, multiple industrial alliances are built around
individual LPWA technologies to promote new standards.
LORa™ Alliance [15], WEIGHTLESS-SIG [16] and DASH7
Alliance [17] are a few examples of such special interest
groups (SIGs). Section IV covers the standardization efforts
led by all these SDOs and SIGs.

On a technical side, LPWA providers need to push in-
novative solutions to overcome the challenge of connecting
massive number of IoT and M2M devices. It is indeed not
an easy task especially when the heterogeneous LPWA tech-
nologies share limited radio resources to render scalable and
secure connectivity to low-power and inexpensive end devices.


