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Abstract
Narrowband Internet of Things (NB IoT) is initiated by cellular standards
body 3GPP (Third Generation Partnership Project) standards body to
provide low bit error rate, low battery consumption, and low latency with
wider coverage, in Long Term Evolution (LTE) Rel-13 standard, machine
type communication(MTC) is supported, which uses narrowband as the data
rates are low. LTE defines three particular activity modes – the first is standalone a dedicated GSM channel (200kHz) as IoT channel, and the second
one is in-band a set of LTE subcarriers as IoT Chanels, and the third one is
utilizing the guard band of LTE. In this paper, NB IoT channels are
simulated using System Vue and the performance analysis of Bit Error Rate
(BER) is made. Various modes of operations such as stand alone, In-band
and Guard Band for downlink channels - Narrowband Physical Downlink
Control Channel (NPDCH) and Narrowband Physical Downlink Shared
Channel (NPDSCH) are simulated. The simulations are performed for
different antenna configurations - Single Input Single Output (SISO), Single
Input Multi Output (SIMO – 1X2), Multi Input Single Output (MISO - 2X1),
and Multi Input Multi Output (MIMO – 2X2). It is observed that with MIMO
antenna configuration, BER performance of downlink NB IoT is better
compared to all other configurations. In 5G, a lot of IoT devices are interconnected massively and Massive Machine Type Communication (MMTC)
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is the order of the day and so Narrowband IoT with MIMO can be used
efficiently for green energy applications.
Keywords: Internet of Things, Long Term Evolution. Narrow Band Internet
of Things, Machine Type Communications, Multi In Multi Out.

1 Introduction
The IoT systems involve interconnections and exchange of information
among devices and the machine to machine communication is critical. Some
the IoT services include security applications, tracking and monitoring
applications, payment applications, smart grids, and remote control
monitoring and maintenance [1], [2].
The IoT systems helped a lot for the successful implementation of
renewable energy, which is a component of green energy initiative. In
today’s world, with the advent of sensor technologies with data science,
automation of windmills and solar fields is made possible and enabled the
energy efficiency. Smart connected buildings with IoT devices save millions
on energy and the green energy solutions to reduce their carbon footprint and
cut down on their bills.
The IoT technologies can broadly divided into two categories and the
first one is short range communication technologies such as WiFi, Bluetooth,
Zig bee and the other one is low power wide area (LPWA) technologies[3][5]. Under LPWA category, the 3GPP has proposed a new concept of radio
called NB IoT, which provides energy efficient wider area coverage
communication. NB IoT is designed to make efficient communication with a
longer battery life for densely dispersed devices at lower costs, which are
part of a wider geographical area such as smart cities.
Newer designs are made in NB IoT, for meeting the requirements of
wider coverage including rural and subterranean indoors, and ultra-low
complex devices. Preliminary deployments costs of the NB IoT components
will be similar to the 2G networks. However, the cost will drastically reduce
as the demand increases for NB IoT, since the current technologies are much
simpler than the GSM/GPRS. Since all the major mobile network operators,
equipment manufacturers, chipset manufacturers are supporting the NB IoT;
it can co-exist with all the major mobile networks (2G, 3G, and 4G). The
existing features of the mobile networks such as security and privacy can be
used for NB IoT. These features help in maintaining the confidentiality of
user and device identification, authentication, and data integrity.
Across the globe, massive deployment of IoT devices with LTE
technology is happening gradually since the cost of such devices is less than
EPGRS devices [6]-[8]. LTE Rel-13 has introduced the support for machine
type communication (MTC) through NB IoT. Later, it was included as a part
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of 5G requirement - Industrial IoT (IIoT) support in release 16. NB IoT
supports Vehicle-to-Vehicle (V2V) communication as well and it is very
much needed for the green energy initiatives of using electrical vehicles [9]
to protect the environment.
In NB IoT, three operation modes are defined - In band, Guard band and
stand alone. In stand-alone mode, the existing GSM radio channel with a
bandwidth of 200 kHz is used and for other modes of operation one LTE
Physical Resource Block (PRB) of 12 subcarriers with a bandwidth of 180
kHz is used. The NB IoT design has to achieve higher coverage area
compared to GPRS by at least 20 dB and lower Bit Error Rate in all the three
deployment operation modes for different channels such as narrowband
physical control and shared channel (NPDCH&NPDSCH) [3]. So, the NB
IoT with LTE specifications is adopted along with their numerologies, radio
techniques for downlink and uplink [10]. For supporting the NB IoT a
software upgrade can be done in newer mobile equipment, where as the older
mobile devices need to be redesigned and replaced [11].
These days, because of the advancement of IoT, the NB IoT turns into a
recently creating subject, and it has been broadly actualized in different
fields, for example, healthcare and Data centre.3GPP has begun to try
endeavours to help the M2M correspondences in the LTE, from Release 10
to Release 13 with different nomenclatures MTC, eMTC and NB IOT [12–
13]. Huawei [14] and, Qualcomm [15], Ericsson [16] presented various
narrowband propositions, in particular NB-OFDM. Recent advances such as
fuel cells power generation [17] for the wireless sensors, making the IoT as
an essential part of our lives. Finally, the 3GPP incorporated the
convergence of all the proposals and institutionalized the converged
proposals as NB IOT in Release 13. Since the evolution of IoT and
Industrial IoT (IIoT), the NB IOT has become a hot research theme, and it
has been broadly realized in different fields such as medical services [18] and
smart farming [19]. The primary challenges for the NB IOT are longer
battery life, minimal effort, huge limit, and wide coverage, converting into
real applications.
NB IoT [20] is similar to LTE defined enhanced Machine Type
Communication(eMTC), but works at even lower data transmission
bandwidth less than 180 KHz and lower transmission data rates less than 20
kbps. Like eMTC, NB IOT will be deployed by the mobile operators with
anticipation of large revenues from this system. Because of the broad
enthusiasm for Low Power Wireless Area Networks (LPWAN), a few
different advancements are as of now conveyed and being developed [21].
Low Power WAN technology becomes a strong contender with low power
and minimum cost advantage along with support for a huge number of IoT
devices [22]. The NB IoT framework for M2M related communication is
presented [23] along with their physical resource structure and their targets of
NB IOT. Mangalvedhe et al. [24] utilized ebb and flow LTE framework to
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create and examine NB IoT. To break down enhanced coverage execution of
NB IoT, Adhikary et al. [25], with LTE Technology a coverage area by a
factor of 20 dB was achieved as defined in NB IoT specifications. Also,
Lauridsen et al. [26] did a most abstractive and comparative analysis on the
coverage and execution of NB IoT and LTE-M for the rural area scenarios
and was found that for profoundly indoor devices, the NB IoT coverage is far
better than the LTE-M coverage.
Lin et al. [27] built up the NB IoT framework that can identify the
physical random access channel (NPRACH) and accurate estimate of arrival
time along with the location rate, false caution rate. Likewise, Ali and
Hamouda [28] proposed the algorithms for cell search of NB IOT and initial
cell synchronization even at an exceptionally lower Signal to Noise Ratio
(SNR) values. Kroll et al. [29] realized an energy efficient hardware detector
with maximum likelihood cross correlation detection of initial timing for NB
IoT devices. Another methodology was proposed in [30] that adventures
specialist based displaying and reproduction to investigate execution of IoT
frameworks.

2 Narrow Band IoT Design
NB IoT radio access structure is with an enhancement of the current
LTE basic frame structure. The NB IOT downlink uses 12 subcarriers with
bandwidth of each subcarrier at 15 kHz similar to LTE is used. In the NB
IOT uplink, along with a normal carrier spacing of 15 kHz, subcarrier
spacing of 3.75 kHz is supported. NB IoT defined in the 3GPP Release 13
provides the following advantages:
•
Excellent Indoor coverage: The LTE NB IoT achieves a
comprehensive foot print of coverage, with a maximum coupling loss of 164
dB, better by 20 dB when compared with GPRS network link budget, and it
can penetrate deep underground and enclosed indoor spaces.
•
Bit Error Rate: To achieve a better BER for different modes of
NB IoT, various channels are used. Similarly various antenna designs [31]
along with multiple antenna options [32-33] can be utilised.
•
Lesser power consumption: Extended IOT device battery life to
10 years with a existing batter power of 5 Watt-hours.
•
Optimized network design: The reworked network architecture
alterations for better security and smaller packet transmission delay budgets.
•
Consistent latency: 99% of the IoT devices report the failures
within 10 seconds latency. LTE provides latency in the range of 100ms to
150ms.
•
Cost efficiency: Compared to other technologies the deployment
of LTE NB IoT will be costing less, as the reuse of the existing LTE
infrastructure with minimum upgradataion is supported.
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NB IoT has been included as one of the requirement of 5G by 3GPP in
release 16 [34] to support massive IoT device connectivity. NB IoT
technology can provide efficient network connectivity for very large variants
of IoT devices up to 50,000 per LTE network cell, while using a low
bandwidth of 180 KHz and lower power consumption to achieve 10 years of
battery life, and increasing the coverage range indoors.
Figure 1 illustrates the NB IoT operational modes. In standalone mode,
NB IoT uses one or more Non-LTE GSM carriers.

Figure 1. NB IoT operational modes.

For in band mode operation, in band Physical Resource Blocks (PRBs)
of LTE carrier are utilized for the NB IoT. But it won’t translate in to a
complete reservation and still the PRBs are shared between LTE and NB IoT.
Sharing algorithm for resource distribution between NB IOT and LTE, will
consider the effective utilization of the resources in a progressive manner
with gradual increase in the NB IoT devices that are getting added to the
system.
In the guard band mode of operation, the guard-band that is reserved
between the LTE carriers as depicted in figure. 1 is used as the resources for
NB IoT. But this mode of operation has a requirement of a filter with a more
rapid roll-off for the adjacent carrier [35]. In standalone mode of operation,
operators deploy the NB IoT using the existing idle spectrum, which is no
longer utilized due to the wider deployment of the 3G and 4G networks, but
held in reserve for the GSM/GPRS carrier signals. The NB IoT devices can
be powered by solar power [36-37] and that will enhance the longevity of the
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sensors and batteries of the sensor networks.
Fig. 2 illustrates the NB IoT system design with the currently available
LTE channels. The basic difference between LTE and NB IoT is in terms of
bandwidth, where LTE works with 1.08MHz and NB IoT works with 180
kHz bandwidth along with the various channel time durations of each sub
frame. One more aspect to be noted from figure 2 is the narrowband physical
uplink shared channel occupies bandwidth less than 1 PRB of the LTE
system for both single-and multi-tone transmission.

Figure 2. NB IoT design using LTE (In-Band, Guard Band)

The downlink and uplink channels of NB IoT are as shown in Table 1.
Since the NB IoT doesn’t have uplink control channel, Narrowband Physical
Uplink Shared Channel (NPUSCH) is used and for the acknowledgement on
uplink random access channel is used.
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Table 1. Downlink and Uplink NB IOT Channels

Down Link (DL)

Up Link(UL)

Narrowband Physical Downlink Control Channel
(NPDCCH)
Narrowband Physical Downlink Shared Channel
(NPDSCH)
Narrowband Physical Downlink Broadcast Channel
(NPDBCH)
Narrowband Primary/Secondary Synchronization
Channel
(NPSCH/NSSCH)
Narrowband Physical Uplink Shared Channel
(NPUSCH)
Narrowband Physical Random Access Channel
(NPRACH)

3 NB IoT System Downlink Channel Simulation Using
System VUE Software
The Narrowband IoT channels are simulated using Keysight SystemVue
software for different operation of modes along with different antenna
configurations. In the in band mode of operation two variants are considered
one same Physical Cell ID (PCI) and the other different PCI, since PCI plays
a vital role in LTE network planning and deployment.
The simulation of the NB IoT channels is done in 4 different modes
namely guard band, in band different PCI, in band same PCI and stand alone
mode with GSM carrier. These simulations are performed for Single Input
Single Output (SISO 1x2), Multi Input Multi Output (MIMO 2x2), Single
Input Multi Output (SIMO 1x2), and Multi Input Single Output (MISO 2x1
antenna configurations.
Figures 3, 4, 5 and 6 show the Keysight SystemVue schematic diagram
of NB IoT system for BER calculations of various antenna configurations SISO, MIMO (2 input x 2 output antennas), SIMO (1 input x 2 output
antennas), and MISO (2 input x 1 output antenna).
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Figure 3. SystemVue Schema of NB IoT system with SISO configuration

Figure 4. SystemVue Schema of NB IoT system with MIMO(2x2) configuration
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Figure 5. SystemVue Schema of NB IoT system with SIMO(1x2) configuration

Figure 6. SystemVue Schema of NB IoT system with MISO(2x1) configuration
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4 Simulation Results
The Narrowband IoT modelling was developed and simulated using
Keysight SystemVue software for different operation of modes of NB IoT
namely Stand alone, In-Band and Guard Band. Table 2 shows the input
parameters for the simulations.
Table 2: Input parameters for simulation
Parameter

Description

Value

FC

Frequency carrier

2MHz

Mode of Operation

Stand alone, In-Band same PCI,

Stand alone/ Guard

Mode

In Band diff PCI and Guard

Band / In-Band diff

Band

PCI

DL Channel

Narrowband Physical Downlink

NPDCCH /

configuration

Control and Shared Channel

NPDSCH

(NPDCCH & NPDSCH)
Num_Tx_Ants

Number of transmitting antennas

1 to 2

Num_Rx_Ants

Number of receiving antennas

1 to 2

SNR

Signal to Noise Ratio

0 to 15 dB

Bit Error Rate analysis for the downlink channels has been performed for
all the defined three modes - Stand alone, In Band and Guard Band
Operation Modes. While doing so, it has been considered for four use cases SISO, MIMO (2 input x 2 output antennas), SIMO (1 input x 2 output
antennas), and MISO (2 input x 1 output antenna). BER analysis provides a
minimum SNR required to achieve a targeted BER value, so that the
amplifiers, antennas and other RF chain components are designed to meet the
RF budget requirements. In this paper, all the four different antenna
configurations are considered and simulated for the BER analysis.
4.1 BER Analysis in SISO Case
For the SISO case, the BER analysis for the downlink channels
NPDCCH and NPDSCH are as shown figures 7 and 8 respectively.
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Figure. 7. BER Analysis for NPDCCH (SISO Case)

From figure 7, it has been observed that for SISO case, with NPDCCH, InBand diff PCI operation mode gives the better BER performance when
compared with other modes of operation.

Figure. 8. BER Analysis for NPDSCH (SISO Case)
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From figure 8, it has been found that for SISO case, with NPDSCH,
Stand-alone and Guard band operation modes give better BER performance
when compared with other modes of operation.
4.2 BER Analysis in SIMO Case
For the SIMO case, BER analysis for the downlink channels NPDCCH
and NPDSCH are as shown figures 9 and 10 respectively.

Figure 9. BER Analysis for NPDCCH (1x2 SIMO Case)

From figure 9, it has been observed that for SIMO case, with NPDCCH,
In-Band diff PCI operation mode gives the better BER performance when
compared to the other operational modes.
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Figure 10. BER Analysis for NPDSCH (1x2 SIMO Case)

From figure 10, it has been observed that for SIMO case, with NPDSCH,
In-Band diff PCI operation mode gives the better BER performance when
compared to the other operational modes.
4.3 BER Analysis in MISO Case
For the MISO case, BER analysis for the downlink channels NPDCCH
and NPDSCH are as shown figures 11 and 12 respectively.
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Figure 11. BER Analysis for NPDCCH (2x1MISO Case)

From figure 11, it has been observed that for MISO case, with NPDCCH,
In-Band same PCI operation mode gives the better BER performance when
compared to the other operational modes.

Figure 12. BER Analysis for NPDSCH (2x1 MISO Case)
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From figure 12, it has been observed that for MISO case, with NPDSCH,
Guard and Stand alone operation mode gives the better BER performance
when compared to the other operational modes.

4.4 BER Analysis in MIMO Case
For the MIMO case, BER analysis for the downlink channels NPDCCH
and NPDSCH are as shown figures 13 and 14 respectively.

Figure 13. BER Analysis for NPDCCH (2x2 MIMO Case)

From figure 13, it has been observed that for MIMO case, with
NPDCCH, Guard Band, In-Band same PCI operation mode gives the better
BER performance when compared to the other operational modes.
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Figure 14. BER Analysis for NPDSCH (2x2 MIMO Case)

From figure 14, it has been observed that for MIMO case, with
NPDSCH, In-Band same PCI operation mode gives the better BER
performance when compared to the other operational modes.
It is also observed that MIMO mode BER performance of downlink NB IoT
is better compared to all other modes. In a 5G lot of IoT devices are inter
connected and Massive Machine Type Communication (MMTC) is the order
of the day. So for this kind of Narrowband IoT with MIMO can be used
efficiently.

5 Conclusion
In this paper, BER performance analysis is conducted for the NB IoT
downlink channel modes using Keysight SystemVue software. From the
simulated results, it is observed that MIMO mode BER performance of
downlink NB IoT is better compared to all other modes. In 5G
communications, a lot of IoT devices are inter-connected and Massive
Machine Type Communication (MMTC) is the order of the day. So for this
kind of applications, NB IoT with MIMO can be used efficiently for
supporting green energy solutions.
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