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Abstract—As a new type of Low Power Wide Area technology, the
Narrow Band Internet of Things (NB-loT) technology supports wide
coverage and low bitrate services, thus it has a great potential to be
the future commercial technology of Low Power Wide Area Network
(LPWAN). Therefore, it has attracted attention of both academia and
industry. In this paper, we present the NB-loT development, and main
characteristics and design objectives of NB-loT according to 3GPP R13.
In addition, we provide the review of related literatures about NB-loT
modeling and algorithm analysis. And we explain current problems of
NB-loT system-level modelling based on visualized simulation platform.
Moreover, this study is devoted to construction of NB-loT model based
on OPNET and verification of its characteristics, such as wide coverage
and high channel utilization.

This study mainly considers NB-loT model design and realization in
terms of NB-loT physical layer characteristics. We summarize the cor-
related characteristics of NB-loT uplink and downlink. Then we design
and construct the NB-loT model based on Long Term Evolution (LTE)
network. Lastly, we use the constructed NB-loT model for simulations
and conduct an experiment on it using the LTE network with channel
bandwidths of 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz. The
simulation results have verified the performance of NB-loT, wherein
uplink time delay is lower than 10 s, channel utilization is higher than
that of LTE network, and coverage area is larger than LTE network.

Index Terms—NB-IoT, Internet of Things, LPWAN, LTE, OPNET

1 INTRODUCTION

Nowadays, due to continuous development of Internet of
Things (IoT), the IoT communication technology is increas-
ingly mature [1]. IoT has achieved significant improvement
in big data processing [2], heterogeneity [3], and perfor-
mance [4]. The IoT technologies can be separated into two
categories from the aspect of communication distance: short-
haul communication technologies (such as Zigbee, Wi-Fi,
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Bluetooth, Z-wave, etc.) and Low Power Wide Area (LPWA)
technologies desired by Low power wide area machine-to-
machine networks: key techniques and prototype [5] [6] [7].
Among them, the LPWA technologies have a significant
development. The LPWA technologies can be separated into
two types by whether the frequency spectrum is authorized
or not: technologies that work in unauthorized frequen-
cy band (such as Lora, Sigfox, and etc.) are mostly non-
standard and realized as user-defined, and technologies that
work in authorized frequency band, including GSM, CD-
MA, WCDMA and other relatively mature 2G/3G cellular
communication technologies, as well as the LTE and its
evolution technologies, are gradually deployed and applied
at present and support different categories of devices, also
these technologies have almost made standard definition of
3GPP (mainly formulating the relevant standards for GSM,
WCDMA, LTE and its evolution technologies) and 3GPP2
(mainly formulating the relevant standards for CODMA) and
other international standard organizations [8].

The Narrow-Band Internet of Things (NB-IoT) is a new
type of LPWA technology released by 3GPP intended for
sensing and data collection applications, such as intelligent
electric meters, environment supervision and etc. [9], [10]. It
has many advantages such as massive connections, ultra-
low power consumption, wide area and deep coverage,
inter-triggering between signaling and data, and etc. [11],
[12], [13] [14]. Meanwhile, it has a good communication
network support [15]. Therefore, it has a great potential
for future implementation. The main characteristics of NB-
IoT are presented in detail as shown in Fig. 1. The NB-
IoT can satisfy the requirements of non-latency-sensitive
and low-bitrate applications (time delay of uplink can be
extended to more than 10 s, and uplink or downlink for a
single user are supported at 160 bit/s at least), which are
coverage enhancement (coverage capacity is increased 20
dB), ultra-low power consumption (a 5-Wh batter can be
used by one terminal for 10 years), and massive terminal
access (a single sector can supports 50000 connections) at
transmission bandwidth of 180 kHz [16].

The NB-IoT adopts current LTE specifications, includ-
ing numerologies, downlink orthogonal frequency-division
multiple-access (OFDMA), uplink single-carrier frequency-
division multiple-access (SC-FDMA), channel coding, rate
matching, interleaving, etc. [17]. The physical layer, air
interface of high layer, access network and core network

Copyright (c) 2017 IEEE. Personal use of this material is permitted. However, permission to use this material for any other purposes must be

obt. 1ned frogn the IEEE by sen
ication/redistribution requi

din
es IEEE peﬁmssion. See http:/

a request to pubs-permissions@ieee.or
P waw.ieeeorg/publicationsﬁstandagds/publications/rights/indexhtml for more information.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JI0T.2017.2739181, IEEE Internet of

Things Journal

IEEE INTERNET OF THINGS JOURNAL, VOL. XX, NO. XX, 20XX

are improved and optimized to satisfy above-mentioned
requirements [18], [19], [20]. Therefore, the same hardware
facility can be used repeatedly, and the frequency spec-
trum resources can also be shared without any problem on
compatibility. This allows us to use current infrastructure
for fast low-cost deployment of NB-IoT. In relatively new
equipment station, the NB-IoT can be implemented through
software upgrade. However, old devices may be unable to
support LTE and NB-IoT simultaneously, therefore hard-
ware upgrade is required [21]. In this case, if current unit
stations are upgraded to NB-IoT step by step, the NB-IoT
implementation can be also made stage by stage without
simultaneous hardware upgrade at all stations [22], [23].
Therefore, the NB-IoT can be upgraded gradually until all
stations are fully upgraded. Moreover, the NB-IoT module
can be deployed into the LTE core network step by step,
which will fully support all network services such as identi-
ty verification, security, strategy, tracking, charging and etc.,
and it will significantly reduce the developing time of a full-
scale network [24]. Furthermore, suppliers of current LTE
device and software will spend much less time to develop
NB-loT devices. The normalization stage of the 3GPP IoT
working project has been started in September, 2015. The
core specification has been completed in June, 2016. The
commercial launching of NB-IoT produces and services is
expected to be completed in 2017 [25].

The main targets of all researchers are developing NB-
IoT model and realizing the expected requirements of NB-
IoT. With the aim to verify the possibility of deploying
of NB-IoT network in many real-world infrastructure, this
paper uses OPNET network simulation platform to build
the NB-IoT network architecture. Based on the LTE infras-
tructure, we design and realize the physical layer of NB-IoT.
We also compare performances of NB-IoT network and LTE
network with different channel bandwidths for coverage
range , signal channel utilization and other basic perfor-
mances, and verify wide coverage, high channel utilization
and other characteristics of NB-IoT.

This paper is organized as follows. Section II provides
the related research work. Section III introduces the phys-
ical layer of NB-IoT. Section IV shows the envisioned NB-
IoT architecture, provides simulation setup, and discusses
simulation results. Finally, Section V concludes this paper.

2 RELATED WORK

Nowadays, due to evolution of IoT, the NB-IOT becomes a
newly-developing hot research topic, and it has been wide-
ly implemented in various fields, such as healthcare [26],
[27] [28], data center [29], etc.. The main challenge is to bring
four major superiorities of NB-IoT, namely long battery
life, low cost, large capacity and wide coverage, into real
applications.

Aiming at the NB-IoT system for M2M communication,
some related literature introduces physical properties and
design objectives of NB-IoT [30] [31] [32]. Mangalvedhe et
al. used current LTE infrastructure to develop and research
NB-IoT, as well as to discuss whether the partial deployment
of NB-IoT is practicable [33]. With the aim to analyze further
coverage performance of NB-IoT, Adhikary et al. conduct-
ed a detailed analysis on coverage performance of NB-
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IoT under the assumption that NB-IoT infrastructure has
already been deployed, and in comparison with current LTE
technology, a coverage enhancement of 20 dB was achieved
[34]. Moreover, Lauridsen et al. made a contrastive analysis
on coverage and performance of LTE-M and NB-IoT for
specific scene, the suburban district. It was found that for
deeply indoor users, the coverage of NB-IoT is obviously
better than coverage of LTE-M [35].

Recently, new algorithms and protocols have been ap-
plied to NB-IoT in order to improve it. Lin et al. developed
the receiver algorithm for NB-IoT physical random access
channel (NPRACH) detection and arrival time estimation
[36]. They presented simulation results for NPRACH, in-
cluding detection rate, false alarm rate, and estimated ac-
curacy of arrival time, to highlight the overall potential
of NB-IoT system. In addition, Ali et al. proposed the
algorithm for NB-IoT cell search and initial synchronization,
and simulation result indicated that proposed method can
provide the required performance even for a very low
SNR [37]. From the perspective of energy-saving, Kroll et
al. realized hardware (detector) for maximum probability
cross-correlation detection of initial timing collection of NB-
IoT devices [38]. The mean detection delay of detector was
two times lower than the one obtained by autocorrelation
method, which reduced the energy required by each tim-
ing collection for 34%. Another approach was proposed
in [39] [40] that exploits agent-based modeling and simu-
lation to analyze performance of IoT systems. The approach
is based on ACOSO [41] for the modeling phase and OM-
NET++ for the simulation phase.Furthermore, Liu et al. in
[42] [43]presented two novel resource negotiation schemes
bridging between dynamic sensing tasks and heterogeneous
IoT sensors, particularly to control the device duty cycles for
energy saving.

However, above-mentioned works have not provided a
visible network model. And they are unable to reflect the
operation of NB-IOT network visually. On the other hand,
our work realizes a NB-IoT link level open-type simulation
and verification platform based on OPNET, completes the
construction of each functional module, tests and verifies the
characteristics of NB-IoT physical layer, and accumulates
experiences for a large-scale implementation in future real-
world applications.

3 CHARACTERISTICS OF NB-IOT PHYSICAL LAY-
ER

The NB-IoT system supports three deployment modes: inde-
pendent deployment mode, guard-band deployment mode
and in-band deployment mode, Fig. 2.

e Independent deployment mode utilizes frequency
spectrum occupied by current GSM/EDGE wireless
access network system to replace the existing single
or multiple GSM carrier wave;

e Guard-band deployment mode utilizes the resource
blocks which are not used for current LTE carrier
wave guard band;

e In-band deployment mode utilizes the resources
blocks of LTE carrier wave.
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Fig. 1. Main features of NB-loT

Fig. 2. Three Deployment Modes Supported by NB-loT

3.1 NB-loT Downlink

The downlink transmission bandwidth of NB-IoT system is
180 kHz. It adopts the 15-kHz sub-carrier spacing, the same
as current LTE. The downlink multi-access mode (OFDMA
technology), frame structure (in time domain, ten 1-ms sub-
frames constitute one radio frame, but each sub-frame in
the frequency domain contains 12 continuous sub-carrier
waves), and physical resource unit follow design of current

LTE as much as possible [44].

Aiming at feature of 180-kHz downlink transmission
bandwidth and requirement for coverage enhancement, NB-
IoT reduces downlink physical channel, and re-designs part
of downlink physical channel, synchronizing signal and ref-
erence signal, including: Narrow-Band Physical Broadcast
Channel (NPBCH), Narrow-Band Physical Downlink Shar-
ing Channel (NPDSCH), Narrow-Band Physical Downlink
Control Channel (NPDCCH), Narrow-Band Master Sync
Signal (NPSS) / Narrow-Band Subsidiary Master Sync Sig-
nal (NSSS) and Narrow-Band Reference Signal (NRS). Fur-
ther, it does not support Physical Control Format Indicator
Channel (the starting OFDM symbols in sub-frame follow
the operation mode and the instructions of signal in System
Information Block 1 (SIB1) ) and physical mixed retransmis-
sion indicator channel, but it adopts uplink authorization
to make the retransmission of Narrow-Band Physical Up-
link Shared Channel (NPUSCH). Furthermore, it introduces
retransmission mechanism in downlink physical channel
and improves demodulation threshold through the diversity
gain and merged gain of retransmission, which can enhance
downlink coverage.

In order to solve the resource blocking problem of
enhanced coverage, the periodic downlink transmission
interval is introduced. For instance, for the requirement
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Fig. 3. NB-loT Frame Structure (15kHz Sub-carrier Spacing of Uplink
and Downlink)

of maximal 20-dB coverage improvement in the in-band
operation mode, the NPDCCH needs about 200-350 ms of
retransmission, while NPDSCH needs about 1200-1900 ms
of retransmission. If the resources are continuously occupied
by NPDCCH and NPDSCH, the uplink/downlink autho-
rization or downlink packets traffic transmission of other
terminals will be blocked.

3.2 NB-loT Uplink

The uplink transmission bandwidth of NB-IoT system is
also 180 kHz, and it supports two sub-carrier spacings, 3.75
kHz and 15 kHz. In coverage enhancement scene, 3.75-
kHz sub-carrier spacing provides larger system capacity
than 15-kHz sub-carrier spacing. However, in the in-band
operation mode scene, 15-kHz sub-carrier spacing has better
LTE compatibility than 3.75 kHz sub-carrier spacing.

The uplink supports both single sub-carrier and multiple
sub-carrier transmissions. In single sub-carrier transmission,
the sub-carrier spacing can be 3.75 kHz or 15 kHz; while
in multiple sub-carrier transmission, the sub-carrier spacing
of 15 kHz is adopted. The terminals need to support both
single sub-carrier and multiple sub-carrier transmissions
for easier selection of suitable mode by base station (for
instance, through the msgl or msg3 instruction of random
access process). For both single sub-carrier and multiple
sub-carrier, the uplink uses the multiple access technology
based on the single carrier frequency division multiple
accesses (SC-FDMA). For 15-kHz sub-carrier spacing, the
NB-IoT uplink frame structure (frame size and time slot
length) is the same as LTE network, as shown in Fig. 3. For
3.75-kHz sub-carrier spacing, as shown in Fig. 4, the NB-IoT
has a newly defined narrow-band time slot of 2 ms. Namely,
one radio frame contains five narrow-band time slots [45],
[46], [47], and each narrow-band time slot contains seven
symbols and reserves guard interval between each time slot
for minimizing the confliction between NB-IoT symbol and
LTE Sounding Reference Signal (SRS) [48], [49].

The NB-IoT network changes uplink physical channel,
and re-designs part of uplink physical channel, including
Narrow-Band Physical Random Access Channel (NPRACH)
and NPUSCH. But it does not support Physical Uplink
Control Channel (PUCCH) [50].

Fig. 4. NB-loT Frame Structure (3.75kHz Sub-carrier Spacing of Uplink)

With the aim to enhance uplink coverage, the NB-
IoT system introduces retransmission mechanism in uplink
physical channel. Due to the low-cost requirement, NB-IoT
system is equipped with crystal oscillator NB-IoT terminal
with a relatively low cost. Therefore, during long continuous
uplink transmissions, the dissipation of terminal power
amplifier causes temperature change of transmitter which
leads to the crystal oscillator frequency deviation, which fur-
ther seriously impacts uplink transmission performance of
terminal and reduces data transmission efficiency. To correct
this frequency variation, the uplink transmission interval
is introduced in NB-IoT in order to allow the terminal to
suspend uplink transmission during long continuous trans-
mission, switch to downlink during that period, and make
synchronous tracking and frequency offset compensation by
utilizing the NPSS/NSSS NRS signal. After a certain period
of compensation (for instance, the frequency deviation is
less than 50 Hz), the terminal will switch back to uplink and
continue to transmit.

4 NB-IoT SIMULATION
4.1 NB-loT Network Architecture

Most target services scenes of NB-IoT are mini-packet trans-
missions, which generally do not support long-term and
continuous channel quality change indication. Therefore,
NB-IoT does not design a dynamic link adaption solution,
but depends on selecting Modulation and Coding Scheme
(MCS) and retransmission times of data transmission ac-
cording to the coverage level, thus the terminal is adjusted
to different coverage levels to realize the semi-static link
adaption. The MCS index is shown as Table 1 [51]. There are
three common coverage levels including normal coverage,
robust coverage, and extreme coverage, which correspond
to three values of link losses (i.e. minimum coupling losses
- MCLs), 144 dB, 154 dB and 164 dB, respectively.

The NB-IoT network architecture is mainly separated
into five parts:

e NB-IoT Terminal, which supports the accessing of
IoT devices from various services, and allows them
to access to the NB-IoT network by installing the
corresponding SIM card.

e NB-IoT Access Network, i.e. the NB-IoT base station,
mainly refers to the LTE base stations, i.e. Evolved
Node B (eNodeB) which have already been built by
operators. From the view point of the deployment
mode, there are mainly three modes introduced in
Section III.

e Core Network, which enable connection between
NB-IoT base station and NB-IoT cloud.
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TABLE 1
MCS Index
MCS Index (Iprcs) | Modulation | TBS Index (I7ps)

0 QPSK 0
1 QPSK 1
2 QPSK 2
3 QPSK 3
4 QPSK 4
5 QPSK 5
6 QPSK 6
7 QPSK 7
8 QPSK 8
9 QPSK 9
10 16QAM 9
11 16QAM 10
12 16QAM 11
13 16QAM 12
14 16QAM 13
15 16QAM 14
16 16QAM 15
17 64QAM 15
18 64QAM 16
19 64QAM 17
20 64QAM 18
21 64QAM 19
22 64QAM 20
23 64QAM 21
24 64QAM 22
25 64QAM 23
26 64QAM 24
27 64QAM 25
28 64QAM 26

e NB-IoT Cloud Platform, wherein various processing
can be completed, and results can be forwarded to
the vertical industry center or NB-IoT terminals.

o Vertical Industry Center, which not only acquires
NB-IoT business data from itself, but also completes
the control of NB-IoT terminals.

The NB-IoT network architecture designed in this study
is shown in Fig. 5. In order to test the coverage range of NB-
IoT network, we divided the whole network into four areas
from long distance to short distance, namely by four MCSs:
MCS 0, MCS 9, MCS 20 and MCS 28, which are shown in
Table 1. We use same modulation and coding strategy on
each area, and take the MCS ID as the area ID. In each area,
we deploy different numbers of NB-IoT terminals, namely
UE (User Equipment), which represent devices carried by
different mobile users, and these devices are labeled by local
ID in each area. All user equipment within the network com-
municate with NB-IoT base station, which is an improved
LTE base station, i.e. eNodeB. The NB-IoT eNodeB model is
presented in Fig. 6. As the access network part of NB-IoT,

Fig. 7. NB-loT Uplink Data Transmission Flow and Related Physical
Channel

we build the model of all eNodeB processes from the bottom
layer to the upper layer, including the S1 air interface which
is connected with core network.

To complete the uplink data transmission, the UE needs
to go through three steps: NPRACH data transmission
request, NPDCCH feedback response, and NPUSCH data
transmission, as shown in Fig. 7. In this course, the MCS
is sent down to the UEs through PDCCH, and the UEs
make look-up table and obtain modulation model and trans-
mission block size (TBS) according to the MCS value, and
then perform downlink demodulation or uplink modulation
while the corresponding base stations connection with UEs
makes the downlink modulation or uplink demodulation
according to the MCS. Moreover, when and only when the
NPRACH data transmission request is received successfully,
and there are sufficient NPDCCH resources to respond to
the data transmission request, as well as there are sufficient
NPUSCH resources to carry such data business volume, the
eNodeB responds to the uplink data transmission request
from UE, and then unloads the data process or computation
task to the NB-IoT Could Plafrorm (IP Cloud) through the
NB-IoT core network (EPC, Evolved Packet Core), or obtains
data from Server.

The values of important parameters considered in the
simulations are presented in Table 2. These values were
selected to reflect real-world implementations of NB-IoT
network based on prior research work. The simulations
were run multiple times and presented results are averaged
values.
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Fig. 5. NB-loT network architecture

Fig. 6. Procesor model of a simulated NB-loT eNodeB

4.2 Results and Analysis

We firstly compared time delay and channel utilization of
NB-IoT network and LTE network with different channel
bandwidths. The obtained results are presented in Fig.
8. Since the channel bandwidth of NB-IoT was relatively
narrow, the maximal data rate is 66.7 kbps, while the LTE
data rate reached 200 kbps-100 Mbps depending on channel
bandwidth. Therefore, according to Eq. 1 in the case that the
length of sent data frame is fixed, the sending time delay of
NB-IoT is longer, as shown in Fig. 8(a). However, this delay
result still meets the requirements defined by 3GPP that

the uplink time delay shall not be longer than 10 s. When
the sending cycle is fixed, according to Eq. 2, the channel
utilization is directly proportional to the sending delay.
Therefore, in comparison with LTE network with channel
bandwidth of 3 MHz, 5 MHz, 10 MHz, 15MHz and 20
MHz, respectively, PUSCH Utilization, PDSCH Utilization
and PDCCH Utilization of NB-IoT are higher, 40%, 42% and
57% respectively, as shown in Fig. 8(b), Fig. 8(c), and Fig.
8(d).
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TABLE 2
Simulation parameters
Element Attribute Value
QoS Class Identifier 1 (GBR)
Allocation Retention Priority 2
. Uplink Guaranteed Bit Rate 32 Kbps
EPS Bear Definitions
Dowlink Guaranteed Bit Rate 96 Kbps
Uplink Maximum Bit Rate 32 Kbps
Downlink Maximum Bit Rate 384 Kbps
Base Frequency 1920 MHz
UL SC-FDMA Channel Bandwidth 0.2/3/5/10/15/20 MHz
Cyclic Prefix T 7 Symbol: Slot
Physical Layer Profiles yere Tremx ype ypo® per >0
Base Frequency 2110 MHz
DL OFDMA Channel Bandwidth 0.2/3/5/10/15/20 MHz
Cyclic Prefix Type 7 Symbols per Slot
eNodeB Failure/Recovery Specification Time 200 seconds
Battery Capacity 5
UE Maximum Transmission Power 10 mW
s
Modulation and Coding Scheme Index 0/9/20/28
Operating Power 100 mW
T =T + T +T +T _ Lirame + Lchannel 5
total = Lsent tran queue proc = Ty ooy Vtran - x 10
+ Tqueue + TI)’I'OC
(1) ’\
61 7 v/\ /\ // \ / - N N
w 1A AR // VOOAR AR
-~ ) % \
% Sr I Vv 7
Utilization, = Lrame 3 ¢!
channel VsentCsent ;C:L 4r b/ 1
[=2] ; 3\/
2) 5 ,’ 3 MHz LTE
f_: 3+ / 5 MHz LTE B
Thereinto, T,.n: represents the sending time delay, ® 4 — — 10MHzLTE
L trame rgpresents the data frame length (b), vsent reprgsepts _?8; ol 1;"‘ ;g m:; tIE ,
the sending rate (b/s), Tirqn represents the transmission Z I}"‘ IRNNr— eeseg
time delay (s), Lchannet represents the channel length (m), 1t ﬁ%@ = = SgFea
Virqn Tepresents the transmission rate (m/s) of the elec- 7/
tromagnetic wave on the channel, T}, represents the Qe d : : : .
100 110 120 130 140 150

total time delay (s), Tyucue represents the queuing time
delay (s), Tproc represents the processing time delay (s),
Utilizationchanner represents the channel utilization, and
Cisent represents the sending cycle (s).

Fig. 9 shows the eNodeB throughput of NB-IoT, about
1 million bits/s, which is far less than the throughput of
LTE network with channel bandwidth of 3 MHz, 5 MHz,
10 MHz, 15MHz and 20 MHz. The results are presented
in Fig. 9 respectively. This indirectly verifies that the data
rate of NB-IoT is lower, which is more suitable for the low-
bitrate services applications, such as intelligent metering,
intelligent monitoring and etc.. Fig. 10 shows the Queuing
delay from eNodeB to EPC is presented in Fig. 10. The
Queuing delay is related to the eNodeB cache capacity,
server speed, queue size, and the EPC group arrival rate.
In this experiment, the eNodeB cache capacity, server speed
and queue size are fixed. The traffic received rate of NB-IoT
network is lower, which is about 300,000 bytes/s, as shown
in Fig. 10(a), which is only 25% of the LTE traffic network
with bandwidth of 20 MHz. Therefore, the queuing delay

Simulation Time(s)

Fig. 9. Throughput of eNodeB

of NB-IoT whith is about 0.0001 second, is lower than the
that of LTE network with channel bandwidth of 3 MHz, 5
MHz, 10 MHz, 15MHz and 20 MHz respectively, which has
represents a significant improvement in comparison with
the 0.00024 seconds of queuing delay of LTE network with
a common bandwidth of 20 MHz, as shown in Fig. 10(b). In
comparison with the sending delay and transmission delay,
such a low queuing delay may be ignored in the calculation
of total time delay.

The comparison of coverage range between NB-IoT net-
work and LTE network with channel bandwidth of 20 MHz
is presented in Fig. 11. This article chooses one UE per
area, namely UE_MCS_0_0, UE_MCS_9_0, UE_MCS_20_0,
and UE_MCS_28_0, which are labeled from long distance
to short distance and tested whether they receive the FIP

2327-4662 (c) 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

Things Journal

IEEE INTERNET OF THINGS JOURNAL, VOL. XX, NO. XX, 20XX

0.35
—&— NB-loT
3 MHz LTE
031 — — jommzire ]
//Eiia”’ﬂ”" 4
B 0.251 — =
g /
fla’ 0.2 P 1
|
® 0.15f :
o
o
P
® g1} ]
0.05+ 1
q
0 ‘77?77\ 77777 = . -
105 110 115 120 125
Simulation Time(s)
(a) Delay of eNodeB
45 AR
—&— NB-loT AAA
401 3 MHz LTE A o erereEE
A =55 —
<= A 5MHzLTE A _—
S INyay=e —
< 35| - - 10MHZLTE =g d
5 15 MHz LTE g
2 30 20 MHz LTE ]
N
5 o5t 1
I —
9 20} R
a -
a -
m 15f 1
9]
8
S 10f 1
@ 5 / In s
Ao
OT_T* 2$ L L L L
100 110 120 130 140 150

Simulation Time(s)
(c) PDSCH Utilization of eNodeB

Fig. 8. Time Delay and Channel Utilization of eNodeB

traffic during the running process of NB-IoT and LTE net-
work. Since channel bandwidth of NB-IoT is narrower than
that of LTE network, the received traffic byte rate per second
of NB-IoT is less than LTE network. As it is shown in Fig.
11(a) and Fig. 11(b), the UEs deployed in two long-distance
areas can communicate with eNodeB only within the NB-
IoT network. While in two areas relatively near to the
eNodeB, both in NB-IoT network and LTE network, the UEs
can communicate with the eNodeB in real time, as shown
in Fig. 11(c) and Fig. 11(d). Since NB-IoT introduces the
retransmission mechanism in downlink physical channel,
and improves demodulation threshold through the diversity
gain and merging gain of retransmission, the network can
enhances downlink coverage. To solve the resource block-
ing problem of enhanced coverage, the periodic downlink
transmission interval is introduced. As it was previously
mentioned, for the requirement of maximal 20 dB cover-
age improvement, in the in-band deployment mode, the
NPDCCH needs about 200-350 ms of retransmission while
NPDSCH needs about 1200-1900 ms of retransmission, and
if the resources are continuously occupied by NPDCCH and
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NPDSCH, the uplink/downlink authorization or downlink
business transmission of other terminals will be blocked.
Therefore, the FTP traffic received by UEs presents a peri-
odic variation.

5 CONCLUSION

This article introduces a development of NB-IoT technology
and its main characteristics and design objectives according
to 3GPP R13. In addition, the related literature about NB-
IoT modelling and algorithm analysis is presented. Then we
explain current problems of NB-IoT system-level modelling
based on visualized simulation platform. Nevertheless, this
paper constructs a NB-IoT model based on OPNET, and ver-
ifies its characteristics, such as wide coverage, high channel
utilization, and etc..

In this study, we focused on model design and realiza-
tion aiming at physical layer characteristics of NB-IoT. We
analyzed correlated uplink and downlink characteristics of
NB-IoT, and designed and constructed the NB-IoT model
based on LTE network. Lastly, we used the constructed NB-
IoT model to perform simulations, and we compared NB-
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IoT network with LTE network under channel bandwidth
of 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz. The
simulation results have verified the NB-IoT performance
defined by 3GPP, that NB-IoT uplink time delay is lower
than 10 s, channel utilization is higher than in LTE network,
and coverage area is larger than in LTE network.

The discussions and modelling presented in this paper
aim to provide a comprehensive overview and big-picture
of exciting solutions on this subject. In our future work,
we will continue to design and improve the NB-IoT model
based on OPNET. Nevertheless, we will further improve
and optimize air interface layer, access network and core
network of NB-IoT based on LTE network, in order to reach
the expected requirements.
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