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INTRODuCTION

narrowband iot INTRODuCTION

Whether production machinery, freight containers or streetlights –  
digital communication of devices and products is becoming part 
of our everyday lives. The idea behind the Internet of Things, IoT for 
short, is to connect what can be reasonably connected. Using new, 
intelligent devices and associated innovative services and business 
models, the IoT is set to pave the way for many innovations and 
significantly change the business world and our everyday lives in the 
process. 

Enterprises from all sectors have ushered in a new era of digitization. 
They are digitizing their products and processes to meet customer 
requirements and survive in the face of global competition. Mobile 
communications technologies underpin this disruptive change and 
the upcoming connected world. While existing mobile communica-
tions networks already offer good coverage, they are, however, not 
primarily designed for applications that just send small quantities of 
data to and fro. Wireless modules which are networked with GSM,  
3G or LTE have a high complexity and offer functions such as voice 
communication and high-speed data transfer, which drive up costs.  
A battery life of several years is often not feasible in this scenario as 
neither the network nor the device supports the required energy- 
saving mechanisms. Reception within buildings is also often very 
limited. A vital element has been missing from the portfolio of the  
various mobile communications standards: a wireless network that  
is designed specifically for: 
¡ low energy consumption, 
¡ small volumes of data and
¡ transmission over large distances or deep within buildings.

Narrowband IoT (NB-IoT) closes this gap. The “3rd Generation Part-
nership Project” (3GPP), a worldwide alliance including Deutsche 
Telekom focused on standardization for mobile communications, has 
published a series of innovative narrowband technologies optimized 
for IoT in its release version 13. The release includes two new user 
equipment (UE) categories in the LTE network: LTE Cat-M1 (eMTC) 
and LTE Cat-NB1 (NB-IoT). The first category is basically suitable for a 
wide range of IoT applications, but it in turn places greater demands 
on devices and networks. NB-IoT, however, stands out primarily 
through cost-effectiveness and energy efficiency.

This turns Narrowband IoT into a genuine trailblazer for numerous 
IoT applications. Whereas in the past, devices and machinery could 
not be connected either due to technical prerequisites or economic 
factors, NB-IoT is changing this radically and opens up the Internet of 
Things for large-scale use. 

For precisely this reason, Deutsche Telekom is driving forward this 
innovative network technology. This white paper starts by positioning 
the new network technology used within the Internet of Things and 
explains its significance and possibilities. It then goes on to examine 
the market environment. 

What is the underlying technology – Low Power Wide Area (LPWA) – 
and who are the competitors? Following an explanation of the techni-
cal basics of NB-IoT the paper focuses on the economic possibilities. 
Finally, the most compelling, standout applications of NB-IoT are 
presented, and a tentative glimpse of the future is given.
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NB-IOT: The DemAND Is TheRe

The huge versatility of IoT applications poses major challenges  
for the transmission technologies. On the one hand, there is demand for 
networking in virtually all areas of professional and private life. On the 
other, different applications also have different technical requirements. 
For instance, real-time communications over high-available, reliable 
connections are key to critical M2M communications, such as for the 
remote control of machinery. LTE or, in future, 5G mobile communi-
cations can meet these kinds of requirement. 

LAN or Wi-Fi provides an excellent solution for anyone looking to set up  
a network over short distances, say to connect computers or tablets in a 
home network. Networked weather sensors, which help farmers collect 
data for their daily work, are an entirely different case. They are often 
found in remote locations and do not have any mains power supply. 
Such applications require a technology that can ensure universal 
network coverage over long distances and which are battery-powered. 

BAsIC TeChNOlOgy: lOW POWeR WIDe AReA

LPWA networks offer this kind of long range with minimal power con-
sumption. According to Machina Research, this solution is one of the 
fastest growing IoT technologies. The analysts define LPWA on the basis 
of two characteristics:  

¡  Low Power: The low power consumption supports operation with a 
single AA battery over many years, even if hourly measurements are 
made and aspects such as self-discharge and battery degradation are 
factored in.

¡  Wide Area: The technology transmits signals even under challenging 
operating conditions, such as in urban areas where many obstacles 
interfere with the transmission of radio waves, or underground. 

These characteristics often make LPWA networks the solution of choice 
wherever other wireless networks are not efficient enough. Bluetooth, Wi-Fi 
and ZigBee are not suitable for transmitting data over long distances; 
classic, mobile machine-to-machine (M2M) technology based on 2G 
through 4G tends to be expensive to buy and run. Furthermore, compatible 
devices consume lots of energy. By contrast, LPWA technology comple-
ments these existing mobile communications networks and allows widely 
distributed endpoints to be networked at low cost and with minimal power 
consumption. The resulting potential is clear. Lower costs now make 
numerous business models in the Internet of Things profitable for the first 
time; the ability to operate without access to a fixed power source also 
makes selecting the usage location more flexible.

narrowband iot DemAND

Figure 1: Design aims of NB-IoT according to 3GPP

Good coverage in  
buildings: 20 dB more 
than GPRS

Battery life: more than 
10 years with two AA  
batteries with NB-IoT  
typical usage patterns

Costs: less than  
5 US dollars per  
module (medium-term 
industry goal)

Frequency: Usage of  
the licensed spectrum

Standardisation:  
by 3GPP
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COmPeTITORs IN The  
lPWA mARkeT eNvIRONmeNT
There are numerous different technologies for LPWA networks. They 
differ primarily with regard to the level of standardization and spectrum 
use. The analysts from Machina Research break these down into six 
different categories: LoRa, UNB, RPMA, Cellular, Weightless and Solution-
Centric LPWA. Together with LTE-M, Narrowband IoT forms part of the 
cellular technologies within this classification.

TOP OR flOP: WhAT Is The mOsT vIABle lPWA TeChNOlOgy 
fOR TOmORROW’s NeeDs?

Four criteria will decide in future what types of Low Power Wide Area 
networks are adopted:

¡  Use of frequencies: LPWA networks can be rolled out in licensed  
or unlicensed spectrums. 

¡  Use models: Depending on network coverage and the planned user 
structure, numerous models are possible. These range from private 
single-tenancy applications on a single site to publicly accessible 
international networks.

¡  Battery life: This criterion is so closely tied up with each particular 
usage scenario that it is not possible to provide general figures in this 
respect. Technologies which have a clear minimum battery life for 
different use cases benefit users.

¡  Downlink: The capability to download data to devices is essential for 
LPWA, in future even more so than today. Most IoT applications rely on 
this capability; there will be fewer and fewer applications that simply 
send data.

NB-IOT: The IDeAl sOluTION IN The lPWA NeTWORk

Yet how does Narrowband IoT fare in these categories? Positively,  without 
exception. By using the existing network infrastructure, universal rollout 
can be achieved quickly. Large providers such as Deutsche Telekom also 
aim to ensure seamless international network coverage together with 
partners. Established multinational operators also guarantee higher 
security standards. In addition, NB-IoT supports state-of-the-art 3GPP 
security, which by means of a physical SIM attached to the device (UICC) 
ensures authentication, signalling protection, and data encryption on  
the highest level.

Compared to technologies in the unlicensed spectrum, NB-IoT is able to 
substantially reduce the issue of interference. Operators can guarantee 
which services will operate in given frequencies and bands and, combined  
with data prioritization warrant a high Quality of Service (QoS). Furthermore,  
NB-IoT enables a huge number of networked objects per radio cell – about  
50,000 devices. And NB-IoT also does well when it comes to the downlink.  
Naturally, this variant of the LPWA network can be used to upload and 
download data.

Given the high production volume of standardized NB-IoT modules 
foreseeable over the medium term, low unit costs can also be achieved. 
All of which provides high investment protection for users.

narrowband iot COmPeTITORs 

NB-IoT LoRa Sigfox GSM (Rel. 8) LTE (Rel. 8)

LTE user equipment category Cat-NB1 N/A N/A N/A Cat. 1

Range  

Max. coupling loss

< 35 km

164 dB

< 15 km

155 dB

< 50 km (rural areas)
< 10 km (urban areas)

164 dB

< 35 km 

144 dB

< 100 km

144 dB

Spectrum Licensed LTE: 
in-band, guard-band, 

stand-alone

Unlicensed 
< 1 GHz

Unlicensed 
< 868 MHz

Licensed 
GSM bands

Licensed LTE: 
in-band

Bandwidth 180 kHz
(200 kHz carrier 

bandwith)

< 500 kHz < 200 Hz 200 kHz LTE carrier bandwidth 
1,4 – 20 MHz

Max. data rate* 2 – 170 kbps (DL)
0,6 – 250 kbps (UL)

0,3 – 50 kbps 
(DL/UL)

100 bps 
(DL/UL)

< 500 kbps 
(DL/UL)

< 10 Mbps (DL) 
< 5 Mbps (UL)

Figure 2: Different radio technologies at a glance

*Max. data rates provided are instantaneous peak rates.
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The TeChNICAl BAsICs

To design the technology to be cost-effective and future-proof, 
synergies with LTE were borne in mind when creating the specification 
for Narrowband IoT. Technologies were therefore chosen which fully 
exploit the potential of NB-IoT by means of software updates to existing 
LTE or GSM infrastructures.

lOW-COsT DATA TRANsfeR DeCIsIve

With the NB-IoT standards specified in release 13, 3GPP has pared  
back NB-IoT to the essential: optimized for the fairly infrequent trans-
mission of small volumes of data over large distances. To this end,  
NB-IoT uses a fairly solid and interference-suppressing kind of radio 
transmission. This transmission can be realised with, compared to current 
smartphones, relatively simple wireless modules. So these modules run  
on less power. Combined with only a few data messages to be transmitted, 
they can run autonomously even under difficult reception conditions with 
only a simple battery for a long time, for example several years.

OPeRATINg mODe flexIBIlITy

Spectrum is a finite and already scarce resource and, as such, NB-IoT 
needs to use as little as possible and coexist with already present radio 
systems. To achieve this, attention was paid during development to 
ensure that NB-IoT could offer three different options for realizing radio 
networks in the existing spectrum: 
¡  Stand-alone: One possible scenario is the use of the currently used 

GSM frequencies. With their bandwidth of 200 kHz there is still a guard 
interval of 10 kHz on both sides of the spectrum.

¡  Guard-band: A second option is to use free resource blocks within  
an LTE guard band.

¡  In-band: The third possibility is to use a resource block within an  
LTE frequency band.

Access to the NB-IoT network works with NB-IoT devices the same way it 
does in the LTE network. As soon as the device finds the right frequency 
and cell, it communicates with the network and logs in with its identity. 
This identity is the foundation for a safe and encrypted data transmission. 
Especially for NB-IoT, additional procedures were defined that allow the 
device to go into sleep mode and save power.  

narrowband iot TeChNICAl BAsICs

Figure 3: NB-IoT can use these spectrums

In-band Guard-band Standalone

Regular 
LTE Data

Regular 
LTE Data

NB-IoT NB-IoT NB-IoT NB-IoT
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BusINess mODels AND use CAses

NB-IoT makes the Internet of Things suitable for large-scale use – and 
paves the way for numerous new business models. Anyone that wants to 
succeed here needs state-of-the-art technology. But a culture change is 
also required, with a shift away from product orientation toward service 
orientation with the customer firmly center stage. The IoT in particular 
initially enables very similar devices to be upgraded with Internet-based 
services to meet user needs. Enterprises must team up with providers 
such as Deutsche Telekom to develop a commercial, profitable application 
scenario out of the technical possibilities of NB-IoT. The network 
technology is simply the basic requirement in this respect. 

High coverage at low cost facilitates a host of compelling use scenarios. 
Prime examples include agriculture where weather sensors make 
planning the use of pesticides easier. The logistics sector also benefits 
from Narrowband IoT. Given suitable network expansion, goods shipments  
can be tracked worldwide. And in the home, connected water meters or 
simple order buttons for consumables can be run with NB-IoT. 

To illustrate the advantages and added value of NB-IoT, the following 
explains use cases from the best-suited sectors.

smART meTeRINg

Applications from the utilities sector are a prime example for Narrowband 
IoT. Regulatory obstacles notwithstanding, smart meters – say for 
heating, water or electricity – are ideal for NB-IoT on account of several 
characteristics: a high number of devices, small quantity of data to be 
transmitted and the fact that they are located in buildings (often in the 
basement to make matters worse) where reception is difficult.

Water consumption in apartment blocks tends to be read simply using 
a manual solution even today. Some companies have already begun to 
digitize this process, in some cases with the help of local gateways in 
apartment blocks and also near-field communication-based walk-by 
solutions whereby you no longer need direct access to the relevant 
apartment. Overall, however, it is still costly to add communications  
capability to smart meters. The long-term goal must therefore be to 
provide digital read access and a direct network connection for each 
individual meter.

NB-IoT will play a significant role in this respect. High signal strength  
with good building penetration allows use in virtually all parts of a 
building. Individual NB-IoT modules and the associated connectivity  

narrowband iot BusINess mODels AND use CAses
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narrowband iot BusINess mODels AND use CAses

are much cheaper than traditional mobile communications and require 
fewer components, eliminating the need for a separate gateway for 
instance. Operators save time and money since the meters no longer 
need to be read manually and do not require maintenance thanks to the 
long battery life. In turn, the consumer experience is more convenient 
since consumers no longer have to wait for someone to come and read 
the meter. Added to which is the additional information that can be used 
to optimize usage behavior. 

smART WAsTe mANAgemeNT

Most cities provide waste disposal – regardless of whether it is private or 
commercial waste – on a fixed schedule. Intelligent waste management 
is, however, geared to the principle of emptying garbage bins whenever 
they are full. Sensors measure how full each garbage bin is and send the 

recorded data via NB-IoT to a cloud server for data analysis and calculation  
of the most efficient route. 

Today’s smart waste management applications would have to use 
traditional mobile communications, making them much too expensive. 
Here NB-IoT is a low-cost alternative which also does away with the  
need for recharging or frequent battery replacement of the modules.  
The location of the garbage bins is also flexible; sensors in basements  
or garages can also send data without any problem. 

Collection route optimization helps significantly reduce logistics costs for 
garbage trucks and fuel. For commercial and private end customers the 
model also pays dividends: they pay based on the accumulated garbage 
and no longer have an overflowing garbage bin. The model also 
encourages people to adopt more environmentally aware behavior.
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narrowband iot BusINess mODels AND use CAses

WhITe gOODs mONITORINg

Refrigerators, washing machines, dryers, ovens, dishwashers – 
networking these white goods not only has benefits for the end user in 
terms of added convenience. It also opens up entirely new business 
models for manufacturers. In future, you could have the option of no 
longer having to buy a washing machine, but simply leasing it based on 
the “As a Service” principle and paying for each wash and consumption. 

This strategically long-term “pay-per-use” approach not only paves the 
way for better customer service and improved customer retention. As the 
machine is running, manufacturers can collect data that they can then 
incorporate into the development of new appliances. Given its good 
building penetration, NB-IoT is also ideally suited here, and far simpler to 
implement than technical alternatives such as Wi-Fi or Bluetooth. Even 

with the washing machine located in the basement, seamless data 
transmission is always ensured.
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OuTlOOk

Narrowband IoT with its USPs has the potential to bring about lasting 
change to the Internet of Things and the world around us. And the 
technology is only in its infancy. The standardization completed in  
June 2016 laid the foundations for further development; the upcoming 
3GPP release 14 (planned for mid-2017) continues along the same  
lines. According to the current planning status, the technology will be 
upgraded to include positioning methods, roaming, multimedia 
broadcast services, mobility and service continuity as well as other 
technical details to extend potential NB-IoT applications. 

What’s more, apart from the specific benefits for familiar IoT applications, 
NB-IoT also opens up, as part of the 5G program, exciting future prospects 
with previously unimagined opportunities. As one of the market leaders, 
Deutsche Telekom is helping to drive these developments forward from  
the outset. The introduction of 5G will further promote the massive 
uptake of the Internet of Things through new capabilities including 
open multiple access schemes – such as Resource Spread Multiple 
Access (RSMA) – or a wider range. Moreover, 5G is to support new 
services such as mission-critical control, for instance in the areas of 

robotics, aviation, healthcare, industrial control and in vehicle development.  
Here in particular, improvements in latency and availability will be required.  
All in all, 5G will play a decisive role in the further development of the 
Internet of Things – providing uniform, even more powerful connectivity 
for the future.

narrowband iot OuTlOOk
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narrowband iot glOssARy / sOuRCes

glOssARy

¡ 1G/2G/3G/4G/5G:  Mobile standards
¡ 3GPP:  3rd Generation Partnership Project
¡ dB:  Decibel(s)
¡ EC-GSM:  Extended Coverage GSM
¡ eMTC:  Enhanced Machine Type Communications
¡ GPRS:  General Packet Radio Service
¡ GSM:  Global System for Mobile Communications
¡ IoT:  Internet of Things
¡ kHz:  Kilohertz
¡ LAN:  Local Area Network
¡ LPWA:  Low Power Wide Area
¡ LTE:  Long Term Evolution
¡ LTE-M:  LTE for Machine-Type Communications
¡ M2M:  Machine-to-Machine
¡ NB-IoT:  Narrowband Internet of Things
¡ QoS: Quality of Service
¡ RPMA:  Random phase multiple Access
¡ RSMA:  Resource Spread Multiple Access
¡ SIM: Subscriber Identity Module 
¡ UE:  User Equipment
¡ UICC: Universal Integrated Circuit Card
¡ UNB:  Ultra Narrow Band
¡ WCDMA:  Wideband Code Division Multiple Access
´¡ WLAN:  Wireless Local Area Network
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