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There given to discuss the study results about one of three deployment
scenarios performance (in-band deployment mode) of the narrow-band internet
of things (NB-10T) technology. The study is carrying out with help of
simulation modeling and experimental testing of the main network parameters,
namely: radio coverage, network capacity, user experience, and their
dependencies on each other. Comparison of the results of a physical experiment
and simulation modeling shows their high convergence and confirms the
adequacy of the applied testing methodology. As a case scenario provided an
example of NB-1oT implementation on a 4G mobile network in the 800 MHz
band, in a suburban area for remote metering applications. The article presents
the applying testing methodology of NB-loT that adapted to the local
conditions of radio network planning. Based on the obtained data, adducing the
main conclusions about the feasibility of using an in-band scenario for
deploying NB-IoT on a 4G network in a suburban environment.
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1. INTRODUCTION

The third generation partnership project (3GPP) in release 13 [1] presented the first version of the
specification of standard for cellular communication for subscriber devices and sensors, designed to transfer small
amounts of data over long distances. Due to the ability to transmit data in a narrow frequency band, using only 180
kHz of operation bandwidth, this standard called narrow band internet of things (NB-10T). NB-loT technology
mainly inherited from LTE, but has many special features and benefits, including: i) improved coverage, ii)
massive connections, iii) reduced complexity and cost of user equipment (UE), iv) long battery lifetime due to low
power consumption, V) reliability and backward compatibility [2], [3]-[5]. Additional benefits of NB-loT
technology become deployment flexibility [6] and high spectral efficiency achieved using three NB-loT
deployment scenarios: i) standalone, ii) in-band and iii) guard-band proposed in 3GPP specification TR 45.820 [7].

Standalone mode based on replacing one or more GSM carriers with 200 kHz bandwidth with NB-
10T carriers with 180 kHz bandwidth. In this case, every 10 kHz acts as a guard interval on either side. The
standalone mode presented in Figure 1(a). In-band mode, shown in Figure 1(b), allows allocating physical
resource blocks (PRB) within the long term evolution (LTE) spectrum for NB-1oT technology. Finally,
guardband mode allows implementing NB-10T technology by reusing of guardbands of the LTE channel,
thereby eliminating the necessity of using new spectrum [8]-[9]. In Figure 1(c) depicts this scenario.
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Figure 1. NB-I1oT deployment scenario, adopted from [10]; (a) standalone allocation (180 kHz); (b) in-band
allocation (180 kHz); (c) guard-band allocation (180 kHz)

NB-10T technology using the principle and architecture of existing cellular networks, which makes
it possible to simplify and speed up the deployment of this technology [11], and almost completely reuse the
existing equipment of LTE base transmitting stations (BTS) [12]. According to global system for mobile
communications association (GSMA) data [13] as of December 2020, more than 105 NB-10T networks were
launched everywhere, most of which are implemented mainly in guard-band and standalone modes. This
associated with the necessity to replace LTE PRB by NB-IoT, the in-band deployment mode requires more
attention in radio-frequency planning and NB-10T deployment [14], has some limitations on the output power
of equipment and a large probability of interference occurrence. All of this can degrade the network
performance.

For example, in paper [15], compared three NB-10T deployment scenarios in terms of coverage,
network capacity, occupied bandwidth, spectrum and delay. The authors note that in-band deployment mode
provides the worst performance in terms of radio coverage and capacity, but at the same time, the spectral
efficiency of this scenario is much higher. Unfortunately, the presented information is compressed and the
exponents nominal values not given in the work.

Persia and Rea [16] went further and carried out a theoretical analysis of the NB-10T capacity for
advanced measurement applications depending on the building density-urban and suburban areas. The results of
empirical studies of deployment scenarios are given in papers [17]-[19]. Nashiruddin et al. [18] describe step by
step the used methodology of planning and testing NB-lIoT network coverage in the 939.8 MHz frequency
range. Here, due to better coverage, standalone mode chosen as the recommended deployment scenario for NB-
10T in Indonesian urban area. In work [17] the authors continue more detailed experimental studies of the NB-
10T networks performance for in-band and standalone modes. In the conditions of the specified geographical
area, the authors also concluded that standalone mode is the best scenario and, with a value of up to -126.30
dBm provides more stable NB-10T connection. The study limited in determining the area of terrain coverage.

On the other side, particular the in-band deployment mode makes NB-10T a standout among all other
LPWA technologies [20]. Since for operators with predominantly available LTE spectrum, this scenario allows the
most spectrum-and cost-efficient implementation of NB-10T. As the main performance parameters, the authors of
work [19], [21]-[23] most often use maximum coupling loss (MCL), uplink and downlink throughput, exception
report latency, co-channel and adjacent channel interference, network coverage and network capacity.

Listed above studies have made an important contribution to the study of the deployment of NB-loT
technology specifics. However, neither one of the works provides a detailed analysis of the in-band mode and
its performance (main parameters) in the case of implementation on a real cellular LTE network. Despite the
indisputable necessity of the above theoretical studies (for example, to understand the theoretical upper and
lower values of the parameters), we consider that particularly empirical approach provides the most complete
understanding of the functioning of the real-world NB-10T network and its behavior in the case of a real load
on the network. This study is of practical significance for mobile network operator (MNO) and is an addition
to previous related works.

In this paper, we present for discussion the results of simulation modeling and an empirical study of
the performance of an in-band NB-10T technology deployment scenario launched on a 4G network in the 800
MHz band in the suburban area. Research is being conducted to obtain real values of the key performance
exponents of NB-1oT within launching in a test cluster of a 4G network and to show the benefits of this
deployment scenario. Such studies are valuable because they allow us to get reliable information about user
and network behavior in advance and take measures for improving network performance before putting it
into commercial operation [17]. The main contribution of the research are as follows:

—  The general methodology for testing 4G networks has been adapted to the requirements of the in-band
scenario for deploying NB-1oT technology;

—  Presented for discussion the results of simulation modeling and experimental research of network
performance within using an in-band scenario for deploying NB-10T technology;
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—  The main conclusions and recommendations for MNO are given in the case of using the in-band
scenario of deploying NB-IoT technology on 4G networks.
The remaining part of the article structured as follows. In the section 2 describes the testing
methodology used. The test results presented in section 3, and in section 4 presented brief conclusions.

2. RESEARCH METHOD
2.1. Methodology
The main objective of this work involves in study the performance of the in-band scenario of NB-
10T, implemented on a test section of a 4G network in the 800 MHz frequency range in the suburban area.
For this carrying out the simulation modeling in the specialized software environment Forsk Atoll 3.3.2 and
provides an experimental study. The research methodology consists of three fundamental tasks:
—  Modeling the performance of NB-loT networks in the in-band mode using the Forsk Atoll 3.3.2
software environment;
—  Experimental study of NB-loT network performance in the in-band mode on a test cluster of a 4G
network, consisting of 6 BTS;
—  Collection and analysis of the main parameters of network performance in the provision of NB-10T services.

2.2. Network performance indicators
The following key performance indicators (KPI) selected as the main parameters of network
performance in the provision of NB-10T services:

2.2.1. Radio coverage

Assesses the coverage area of 10T services. Defined by the Reference Signal Received Power
(RSRP) parameter and measured in dBm. NB-1oT RSRP reporting range is -44-140 dBm. The RSRP value is
lower the further the UE is from the base station, and vice versa [24]. Thus, the distance of the UE from the
BTS directly affects the RSRP.

2.2.2. Network quality

Determines information transmission quality, namely the level of the useful signal, subject to the
influence of third-party noise and interference. Described by the signal to interference + noise ratio (SINR)
parameter and measured in dB. SINR using as the main parameter of the network quality, since it reported by
the subscriber terminal and most accurately describes the radio conditions. NB-1oT SINR reporting range is
-20-20 dB. The higher the SINR value, the better signal and network quality in general. With a negative
SINR value, the noise level exceeds the desired signal level. For SINR, there is no direct dependence on the
distance between UE and BTS. SINR and RSRP parameters are one of the main KPIs designed to measure
the radio conditions of 4G networks [25].

2.2.3. User experience

Determines the quality of the provided communication services from the client's view point and
consists of such parameters as uplink/downlink (UL/DL) throughput, cell edge throughput, data traffic, and
call drop rate. Since the point at issue is technology, which designed to transfer small data amounts that are
not critical to breaking of connections, we will restrict ourselves to measuring UL/DL throughput.

2.3. Test environment

At present times, the most prospective area of NB-10T application is remote metering applications,
where NB-10T technology allow to data collection and remote control for suppliers of electricity, heat energy
and water utilities [26]-[27]. This user case taken as the basis for modeling [28] and testing the performance
of an NB-10T network when using in-band deployment mode as shown in Figure 2. Simulation modeling
aimed at reproducing the conditions of operation of the NB-loT on the LTE network that are closest to real
ones. To achieve that we use the Forsk Atoll 3.3.2 software, the signal propagation model-Cost231 Hata
model in suburban environment [29]:

PLgypurban = 463 +33.910g,,(f) — 13.82l0g, ,(h,) —
ah,, + (44.9 . 6.5510g10(hb)) log,,(d) + Cp,
where PL,uban 1S @ Propagation loss in Suburban area, f is the transmission frequency, h,, is the height of

the mobile device in m, h; is the height of the BTS in m, d is the distance between the receiver and the
transmitter in km [30], C,, is the correction factor defined as 0dB for suburban area.
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In Forsk Atoll 3.3.2, in the simulation settings, we indicate the existing environmental conditions on
the test cluster of the 4G network, namely, a suburban cluster zone with 6 BTS Figure 3. The coverage radius
of the base station is approximately 3 km. User equipment randomly distributed in the selected cluster. The
settings in the simulator setting up in accordance with the local radio network planning conditions and the
existing settings of a test 4G network. The input data for the modeling is presented in Table 1.
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Figure 2. Network architecture of NB-1oT network for water meter application
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Figure 3. Site location and cell-site orientation in Google map

Table 1. Test assumptions

Parameter Variable
Working mode In-band
Architype Suburban
Population density 1636 / km?
NB-loT (UE) device density 800/ km?

Scenario

Inter-site distance (1SD)
Base-station antenna height
Operating bandwidth

BTS transmit power for NB-loT
Antenna configuration

LTE BTS sector load

Auvailable resources

BTS receiver noise figure

15 sectors (5 sites) operating in 800 MHz
1.0-2.8 km

18-30m

10MHz (LTE), 180kHz (NB-loT)
35dBm

BTS: 1T 2R; UE: 1T 1R

< 80%

1 PRB / device

3dB

3. RESULTS AND DISCUSSION

The section shows the results of a network performance study for an in-band NB-10T deployment
scenario in a 4G test cluster in a suburban area. The analysis carried out based on measuring the previously
presented parameters of RSRP, SINR, UL and DL user throughput, as well as their dependencies on each
other according to the developed testing methodology. These metrics are most suitable for describing the

performance of NB-loT technology [21].
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3.1. Radio coverage with network quality
An analysis of parameters of coverage and quality of the NB-loT network in suburban area shown in

Figures 4 and 5. Research results show that:

— Loss of communication between the base transceiver station and the user equipment occurs when the
RSRP threshold value reached of -130 dBm Figure 4. At the same time, only 2.2% of computation zones
have a coverage area with a signal of -130 dBm and below Figure 5, which is due to the distance from the
base transceiver station and the conditions of the geographic area.

— The average of the best signal level for the suburban area is -92.48 dBm. At a distance of 2.5 - 2.7 km
from the base station, the signal level (RSRP) drops to -120 dBm. Provided that the receiver sensitivity is
at least -141 dBm, the user terminals still can connect to the base station and transmit data on this
distance.

— Under conditions of the local terrain, the average zone edge of base station coverage is 1.37 km, which
corresponds to an RSRP value of -98.3 dBm. In this case, the optimal SINR value is 1.08 dB Figure 5.

It should be noted that the results of the RSRP and SINR study are not absolute, as they depend on
many factors, such as: the loading and operating conditions of the base station, the sensitive of UE's receiving
antenna and weather conditions.
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3.2. Uplink and downlink throughput with radio coverage

The next evaluation was conducted to measure UL and DL throughput provided by NB-IoT in
dependence on signal strength (RSRP). For this were sent one hundred packets per 512 bytes. All packets
successfully received at the receiving side. Figure 6 illustrates the DL throughput for different signal levels.
The DL throughput remained nearly constant (20.2 kbps) until about —115 dBm of RSRP (2.1 km), which
allow installing NB-loT UE in a wide variety of suburban locations.

According to papers [7], [31], the in-band NB-loT deployment mode has peak UL and DL
throughput -22.7 and 62.5 kbps, respectively. At the same time, the research results presented in Table 2
show that the maximum possible speed obtained in modeling and experimental research is not much different
from the theoretical one. At the same time, the deviation between the model and experimental speed values
does not exceed 20%. The reason for this can be both external radio conditions and restrictions on the side of
user equipments, as well as simulation settings in the software environment.
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Figure 6. DL Throughput for different signal levels (RSRP)
Table 2. Comparison of NB-10T throughput in an in-band deployment
3GPP Specification Simulated Experimental Deviation between model and experimental
Parameter [7] Value Value value
UL throughput, 62.5 60.5 48.3 20%
kbps
DL throughput, 22.7 21.7 20.2 7%
kbps

4. CONCLUSION

The in-band deployment scenario allows running NB-loT technology inside existing 4G networks,
which have large coverage and provide the necessary quality of service for the internet of things by today.
This is the optimum scenario for connecting of 10T, since it allows telecom operators to use modern
equipment without significant hardware changes. On the other hand, in this mode NB-loT takes away the
functional resources of the 4G cellular network and can create noises (interference), thus reduce the
performance of NB-1oT technology and 4G networks. To make a decision on the usage of in-band scenario
for deploying NB-10T on a 4G network in a suburban area and for conducting a qualitative evaluation of such
network performance, the authors recommend using the proposed method for testing NB-1oT networks and
build on the results of the simulation modelling and on experimental network testing. The research results
show that the in-band scenario meets the stringent requirements to coverage (>-130 dBm) and network
quality (>-17 dB) on the distance up to 2.7 km. Comparison of network performance parameters that
obtained on based on the results of a physical experiment and simulation modeling showed high
convergence. The exception was measurements of the DL user experience parameter with a network
coverage value of -95...-120 dB. Stable transmission rate up to 20.2 kbps in downlink provided on the
distance up to 2.1 km. In addition, observed that NB-l1oT also provides good coexistence performance with
the existing 4G network as during testing significant interference was not observed. Thus, the in-band
scenario meets the basic requirements of the 3GPP specification and is optimal for using on a 4G network in
the 800 MHz band in the suburban area to provide remote metering application services.
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