
LTE – IS IT THE BEST WAY FORWARD FOR IOT?



The M2M and IoT markets face substantial disruption as new
network technologies come to market that offer widely
different speeds and capacities. 2G cellular connections are
starting to disappear in some markets as 2G networks are
retired to free up spectrum for 4G – LTE – capacity. The
sunsetting of 2G networks will necessitate substantial module
or device upgrade programs in markets where LTE is being
adopted the fastest.

The retirement of 2G cellular in some regions, however, is not a negative
development for IoT. A large and potentially bewildering array of alternative or
enhanced technologies has either already hit the market or is at an advanced state of
development. This gives companies an opportunity to assess their specific
connectivity needs and plan a connected future that most closely fits those.

Of course, there has never been a one-size-fits-all solution to the challenges of
supporting IoT services with connectivity. The diversity of the services, locations,
applications and technologies involved precludes this. The LTE era, and onwards
towards 5G, will be no different in terms of the market providing organizations
choices within choices.

However, it is those choices that will underpin the business cases of the multitude or
organizations that are creating the IoT ecosystem. A utility company planning a
national roll-out of smart meters, for example, has very different requirements to a
consumer continuously using a fitness band, such as a Fitbit.

The utility company wants a connectivity solution that encompasses near-ubiquitous
coverage, a rugged device that can withstand harsh environmental conditions, a long
operational life and the connectivity itself, relatively low peak capacity because
communications will be short data bursts. A substantial cost for smart metering
projects is the truck roll to install the meter so deploying technology with a lifespan
of more than a decade is an important goal in this sector. 

An activity bracelet by contrast has different needs including a long battery life, a
compact design and the ability to withstand shock and vibration. As typical of
consumer electronic products, the product life is likely to be 3-5 years, not more than
10 years like the smart meter.

WHAT DOES LTE OFFER?
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These two examples only touch on the extremes of different requirements that exist
within IoT and that partly explains why so many different connectivity methods are
being brought to market. It is clear that cellular networks with their global coverage
and offer of secure, reliable and standardized mobile access provide a good platform
for IoT. The next logical step is for IoT to migrate to LTE, the latest and more advanced
mobile network standard that will replace previous 3GPP mobile standards eventually.

Even within the 3GPP family there are a significant number of standards that are
either emerging or already released. Machine-Type Communications (MTC) is used
by 3GPP to refer to Machine-to-Machine (M2M) communications – machines talking
to each other through mobile networks or locally. There is current discussion about
renaming MTC as Cat-M1 and in this paper we have decided to adopt the Cat-M1
name in order to provide consistent explanations. 3GPP uses the concept of
Releases to refer to a stable set of specifications which can be used for
implementation of features at a given point of time. 

User Equipment (UE) category is an important term here because it enables
categorization of connectivity types in terms of performance characteristics such as
the maximum supported data rate in uplink and downlink data channels or to what
extent different multi-antenna capabilities and modulation schemes are supported.
The latest stable 3GPP release is Release 12, in which categories range from
Category 0 up to Category 13. Release 13, which is being finalized at the moment, will
include further UE categories including at least the Cat-M1 intended for IoT devices.

CATEGORIES TARGETING CELLULAR IOT USE
Cat-1 – Category 1 – was included in the LTE specifications from Release 8 and is
supported in most LTE networks today. With a Cat-1 UE, it is possible to achieve 10
Mbps downlink and 5 Mbps uplink channel data rates. Cat-1 has not been a relevant
UE category for LTE-based mobile broadband services because performance is
below the best 3G performance but those throughput characteristics make it an
attractive, early alternative for IoT applications over LTE, because it is already
standardized. Cat-1 can also meet requirements of a wider range of MTC applications
and therefore is a complementary solution to Cat-M1 and also to NB-IoT. No MIMO
is supported but the UE should still have two antennas for receive diversity. Cat-1
UEs can also support improved features such as Power Saving Mode (PSM) making
them even more suited for IoT applications. 

Cat-0 – Category 0 – is one of the newest standardized categories from Release 12.
Cat-0 is intended for IoT use cases, and UE categories provide for 1 Mbps data rates
for both up and downlink. Cat-0 UEs have reduced complexity compared to Cat-1
because requirements include only one receiver antenna and support of half-duplex
operation. However, Cat-0 is likely to be skipped by the industry as it does not offer
significant cost reductions over Cat-1 and requires network infrastructure upgrades
that Cat-1 does not. Moreover, Cat-M1 is around the corner, so the motivation for
carriers to go to Cat-0 is low.

LTE-M –was a term originally used in the work which resulted in Cat-0 UEs, but
further work conducted in 3GPP on enhancing LTE capabilities for IoT has since been
included. The term is less well-recognized but in general, LTE-M can be used to refer
to all usage of LTE for M2M and IoT and the evolution of LTE MTC features. This
includes both Cat-0 and Cat-M UEs, and other features such as Power Saving Mode
(PSM) and extended DRX cycles (eDRX).

NB-IoT stands for Narrowband IoT, a new narrowband radio technology being
standardized in 3GPP Release 13. NB-IoT offers low complexity, low power
consumption and long range. Some key characteristics include 200 kHz bandwidth
and uplink and downlink data rates of about 200 kbps with half-duplex operation.
Although this is a new radio interface, NB-IoT deployments can be made in band, so
that existing resource blocks in the LTE carrier are used. 
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NB-IoT shouldn’t be confused with LTE-M, which refers to more direct use of LTE
for MTC and IoT use cases. NB-IoT is subject to several standardization activities at
the moment, and it is possible – but not yet decided – that NB-IoT UEs will be
referred to as Category M2 (Cat-M2) in the future. 

Both Cat-M1 and NB-IoT have been designed so that they would be competitive with
current low cost, GSM-based M2M modules, thereby ensuring cost-effective, low
bandwidth communications remain available to applications that require them after
the 2G era has concluded.

Figure 1: The different attributes of 3GPP LTE IoT categories for IoT

NOTE: peak data rates refer to full duplex operation for Cat-1 and Cat-M1
Source: Ericsson

As the underlying network technologies become more efficient and better targeted
towards the specific IoT applications, differences in rate plans specific to those
technologies will continue to evolve. We have seen this in a broad scale as generally
data rates have decreased over time. The intersection of lower and lower data rates
along with new network technologies has resulted in new and exciting business
models across industries. We are seeing more and more high bandwidth applications
and existing applications evolving into new higher bandwidth feature sets. The
continued evolution of LTE and the associated lower data cost structures will
accelerate this trend.

As the lower power network technologies become deployed we will see another
new host of applications become viable with new associated rate plan structures and
pricing. How does the industry support something that can be “off” for years with
very occasional network usage? This will result in millions of new device connections
and because of the occasional use will most likely create a new class of rate at the
low end to address these applications in order to meet their required business
model.
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                                     LTE Rel-8      LTE Rel-12     LTE Rel-13        NB-IoT
                                        Cat-1              Cat-0            Cat-M1           Rel-13

DL peak rate                  10 Mbps          1 Mbps           1 Mbps        ~0.2 Mbps

UL peak rate                   5 Mbps           1 Mbps           1 Mbps        ~0.2 Mbps

Duplex mode                     Full            Half or full       Half or full           Half

UE bandwidth                20 MHz         120 MHz         1.4 MHz        0.18 MHz

Maximum                       23 dBm          23 dBm          20 or 23          23 dBm
transmit power                                                               dBm

Relative modem              100%              50%             20-25%             10%
power



THE 2G SWITCH-OFF AND THE MANY PATHS TO 5G
IoT is a global market but connectivity remains fragmented, especially in terms of
cellular networks. In some markets 3G technology is yet to be rolled out whereas in
the US, LTE is widely deployed and the discussion is turning to when 3G networks
will be retired to free up spectrum for LTE networks. In between these extremes
different countries and regions are at different stages of their deployment cycles for
GPRS (2.5G), UMTS (3G) and LTE itself. 

To add a further layer of disparity, the roll-out of 4.5G networks (e.g. LTE-Advanced)
has started in many markets. 5G networks however, are not expected to be
commercially available until 2020. Technologies such as carrier aggregation and
network slicing set out an upgrade path to 5G which will involve even greater mobile
broadband speeds. It is expected that the eventual transition to these future
technologies will be a smoother evolution because LTE modules are being designed
with this upgrade path in mind despite the fact that different module hardware,
based on new chipsets will be required.

Even so, organizations need to react now and consider their needs for several years
in the future. Relying on 2G and even 3G network availability will not be possible and
analyst firms predict that carriers around the world will start to switch off 2G and 3G
networks as the barriers to switch-off have been dropping in developed markets. 

LTE is recognized as a viable alternative in terms of cost and coverage to any of the
earlier technologies and some countries have already gone through the process of
retiring 2G networks, such as Japan and South Korea. In other countries, the
roadmaps to switch off 2G have been clearly stated, either by the individual
operators such as AT&T in the US and Telstra in Australia, or by all of the carriers in a
country, such as in Singapore. In Europe carriers have made no announcements
about 2G switch-off plans but analyst firm Machina Research anticipates that
decisions will be made about 2G and 3G switch off by most of the region’s major
carrier groups in the next few years.

It will therefore be vital that IoT organizations carefully assess the availability of
network technologies for the mid- to long-term across all the countries they operate
in. It will not be a simple case of upgrading from 2G to 3G because many carriers
plan to retire 3G at the same time as 2G or rapidly afterwards. For those with low
bandwidth requirements, alternatives to 2G such as Cat-M1 or NB-IoT may be the
best migration choice.
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COST EFFICIENCY
GPRS is the leading technology in cellular IoT devices today because of the cost
advantages that 2G offers. It is a cost-effective means of connecting cellular IoT
devices and remains the technology of choice in emerging markets but analyst firm
Berg Insight predicts LTE will become the leading technology for cellular IoT devices
in 2019. That’s even while acknowledging that uptake of 2G technology continues to
increase in emerging markets and has a cost advantage in Europe.

LTE will grow to dominate the cellular IoT device market thanks to a dramatic
improvement in the economics of the technology that the standards efforts outlined
above will bring. Standardization of this type will remove the significant barriers
against migration from 2G that persist today.

3G technologies are likely to be passed over because they do not provide the same
performance and capabilities as LTE networks and are likely to fall between the
needs of organizations that have a need for low cost, low bandwidth
communications and those with high bandwidth requirements. 

MORE BANDWIDTH EQUALS MORE VALUE
For applications that are yet to reach maturity because they are constrained by
bandwidth availability at an affordable price, LTE communications can change the
economics of the business. For instance, connected car installations have so far
relied on low bandwidth 2G connectivity. However, they will rapidly transform to
relying on LTE to enable richer apps that require greater bandwidth.

Machina Research predicts that automotive connections will increasingly be
dominated by factory-fitted, embedded connections, rather than by after-market
devices. It will therefore be crucial to car makers and their partners that the network
technology selected is mature and has a predictable lifespan – one at least as long as
the vehicle’s. Devices embedded into vehicles will, by their nature, be intended to
support multiple applications – unlike the single-purpose devices, designed to
support usage-based insurance (UBI) or stolen vehicle tracking, or navigation, that
characterize the after-market today. 

CRITICAL MASS WILL SECURE MARKET DOMINANCE
The economics of module manufacturing will increasingly favor LTE, primarily
because of the sheer scale of LTE device deployment. As LTE comes to dominate
connections in general, for tablets and smartphones, it will become cheaper,
although not as cheap as 2G initially. This will see the price barrier that prevents LTE
being deployed in lower-value M2M applications erode. 

The evolving Cat–M1 standard, which is aimed at supporting even cheaper LTE
modules specifically designed for M2M, achieves cost savings in part by capping
data rates, by reducing on-board memory and processing, and allowing for more
latency than standard LTE. This may make it unsuitable for some automotive
application categories such as Advanced Driver Assistance Systems (ADAS) but it
would be appropriate for UBI and other less sensitive apps.

6     TELIT WHITE PAPER



CONCLUSION
The acceleration of LTE as a replacement for 2G and 3G cellular connectivity brings a
reliable, standardized connectivity technology to the IoT. LTE will not be the only
technology available; low bandwidth alternatives will certainly find applications as will
satellite connections for areas of no coverage and high bandwidth services.
However, the likelihood that LTE will hit hundreds of millions of devices and its
position as a technology evolving towards 5G will bring down the cost of modules
and deployment. Importantly, this standardization and the higher volumes involved
will see LTE connections become viable for applications for which it would previously
have been cost prohibitive.

Challenges do remain. LTE deployment in some regions, such as Europe, is
fragmented and therefore the lives of 2G and 3G modules will be extended there. In
addition, there are differences in carrier approaches and national regulation when it
comes to LTE. These may be at the carrier level and concern whether a carrier used
FDD (frequency division duplexing) or TDD (time division duplexing) or at the
regulatory level which will have decided what spectrum bands carriers are able to
operate in. There’s a tradeoff between signal strength and bandwidth depending on
the spectrum band used and this could affect the suitability for some IoT
applications. 

There are a growing number of options becoming available to organizations of all
types for deploying LTE enabled devices, services and applications. Even though LTE
will not be suitable for all cases, it presents an excellent fit for many of them when
carriers are moving beyond 2G and 3G.

MARKET DATA
Berg Insight forecasts that the number of cellular IoT devices will grow at a CAGR
of 20.1% from 2015 to reach 239.7 million units in 2020.

The overall trend is that by 2020 it will become increasingly difficult to guarantee
2G and 3G network availability in developed markets. By 2025 it will be almost
impossible, reports Machina Research.

The Strategy Analytics RF & Wireless Components report, “Single Mode LTE
Forecast,” predicts more than a 50-fold increase in unit shipments of single-mode
LTE devices through to 2020 compared to shipments in 2014. 

Berg Insight predicts 3G technology will serve only as an interim in cellular IoT, with
shipments of devices using 3G tipped to peak in 2018. The firm thinks LTE will
become the leading technology for cellular IoT devices in 2019.

By 2023 LTE will account for 60% of all automotive mobile connections, reports
Machina Research.

Shipments of LTE M2M devices are set to reach 500 million units in 2020, reports
Strategy Analytics.
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