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Abstract—The characterization of the wireless medium in
indoor small cell networks is essential to obtain appropriate mod-
eling of the propagation environment. Universal Software Radio
Peripherals (USRPs) and simple dipole antennas can emulate
LTE-Advanced networks. In this work, we verify WINNER II
propagation modeling for the indoor femtocell environment by
considering different classrooms of 7.32 x 7.32 square meters
near a common University Department corridor while measuring
the power received in UEs placed in a grid of 49 points (radiated
by the small eNodeB in the centre of the classroom of the
own cell). These measurements have been carried out either by
using the Software Radio Systems LTE that emulates the LTE-
Advanced network and its UEs, or by measuring the received
power in the UES with a Rohde & Schwarz FSHS8 spectrum
analyzer. In room 1, by varying the UE position, the highest
values of the received power have occurred close to the central BS,
and then in the opposite wall, further away from the interferer.
Nevertheless, it was verified that the received power does not
decrease suddenly because of the effect of the radiation pattern
of the BS and UE antennas for large angles of apertures, as well
as due to the non-omnidirectional horizontal antenna pattern. In
addition, it was demonstrated that there is an effect of ‘“wall loss”
proven by the fact that path loss increases between room 2 and
room 1 (or between room 3 and 2). If we consider an attenuation
for each wall of circa 7-9 dB the behavior of the WINNER II
model at 2.625 GHz for the interference coming across different
walls is verified.

Index Terms—Propagation, OFDM, small cell networks, LTE-
Advanced, srsLTE, WINNER II model.

I. INTRODUCTION

To answer to the increasing user demand, mobile networks
toward 5G has evolving heterogeneous networks, with differ-
entiation of Evolved NodeBs (eNBs) coverage, as established
by 3GPP Release 16 [1]. Small cells, overlaid by larger
cells, can be deployed either indoor or outdoor, to provide
indoor coverage, outdoor coverage, or even to provide indoor
coverage from transmitter nodes placed outdoor.

It is important to explore strategies to increase LTE-
Advanced (LTE-A) end-to-end service reliability of mobile
multimedia exchanges, e.g., video streaming. One option is
to use Universal Software Radio Peripherals (USRPs) that
emulate 4G network [2], [3] in indoor or outdoor deployment
scenarios, in conjunction with Software Radio Systems LTE
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(srsLTE), an open source library for the PHY layer of LTE-
A written in ANSI C. It includes a complete software radio
[4] and provides interfaces for the Universal Hardware Driver
(UHD) that supports USRPs [5].

Research on the characterization of these femtocell envi-
ronments at 2.6, 3.5 or 5.62 GHz is still of great interest.
Authors from [6], [7], have made their experiments in linear-
shaped paths within indoor scenarios where the user equipment
(UE) and transmitter (7' X)) eNodeBs are few meters apart. The
path loss is affected not only by factors such as architectural
structures, including the material and the thickness of the
walls, diffraction, reflection and interference [8] but also by
the distance between the transmitter and receiver (1'x) and
receiver (Rx).

The objective of this paper is to investigate the coverage
and co-channel interference trade-off in OFDM-based indoor
small cells with a given reuse pattern (k). A small cell LTE-
A University environment is considered. Although the LTE-A
downlink (DL) is assumed, results can easily be generalized
to 5G New Radio cellular networks. First, we consider an
analytical approach to compute the signal-to-interference plus
noise ratio (SINR) by considering the WINNER 1I propagation
model [9]. Second, an experimental field is performed test in
an indoor scenario using srsLTE with a set of USRPs B210
to measure the quality of the received signal as a function of
the distance, either by determining the received power (P,) or
computing the carrier-to-interference ratio, C/I, either with
the USRP B210 used as a UE (and measurement device) or
by using a Rohde & Schwarz FSH8 spectrum analyzer. UE
receives data packets from the own cell (eNodeB of interest),
while the other eNodeBs only cause interference.

In our experiments, we have measured the received power
in different class rooms from our Department while verifying
the Winner II propagation model. The USRP B210 has a high-
speed serial interface for integration with other boards, al-
lowing the improvement of SISO systems [10]. Its transmitter
power is in between 50 and 200 mW. A temporary license was
assigned to us by ICP-ANACOM, the Portuguese regulator, to
perform field tests in the 2625 MHz (DL) and 2505 (uplink)
MHz frequency bands, each with bandwidth of 10 MHz.

The rest of the paper is organized as follows. In Sec. II
we present a theoretical study on the average SINR. Sec. III
presents the experimental setup with the USRPs that emulate
4G networks as well results for the C//I (not SINR, as the
wireless system is interference-limited) obtained the USRPs



as measurement devices. Conclusions are finally drawn in
Sec. IV, followed by suggestions for future research.

II. AVERAGE SIGNAL-TO-INTERFERENCE-PLUS-NOISE
RATIO
A. Scenario

The deployment scenario presented in Fig. 1 is considered.
The geometry corresponds to a real scenario, in a floor with

Fig. 1: Characterization of the classrooms in the indoor testing
scenario.

three adjacent class rooms placed next to the Instituto de
Telecomunicagdes Laboratory of the Department of Elec-
tromechanical Engineering at the University da Beira Interior.
The dimensions of each room are 7.32x7.32 m?. Room 1 is
the classroom of interest, where received power/interference
measurements took place. In this experiments, in room 1 and
room 2 the whiteboards have been removed, while in room 3
the whiteboard has been kept. Wireless nodes at rooms 2 or 3
act as interfering BSs.

Measurements have been performed at the points from the
grid presented in Fig. 2, by collecting values measured by the
USRP (or the spectrum analyzer), in each of the forty-nine
points, at room 1.
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Fig. 2: Distribution of UEs in the measurements.

During the field tests all the furniture was kept inside the
classrooms but the white boards were removed form the walls.
Descriptive statistics, was considered to calculate the disper-
sion of the measurement results in relation to the means, whilst
considering the normality test and the underlying standard
deviation (SD), confidence interval (CI), maximum (Max) and

minimum (Min) values for the received power. The C/T has
also been calculated.

B. Theoretical Average SINR

The first step before the experiments consists of making a
theoretical study of the average SINR within the considered
deployments. Let us consider as the first scenario only the
nodes in the coordinates (0, 0) and (0, [), as presented in
Fig. 3. Each mode serves the room where it was deployed.
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Fig. 3: Testing scenario: the node of interest is in room 1 while
the interferer node is either in room 2 or in room 3.

Since frequency reuse pattern one is considered each node
adds interference to the served area of the active neighbor
node. In this first topology, at room 3, in the coordinate (0,
2 x [) there is not any node. It is assumed that the node in
the room only serves users in that room at any point with
coordinate (x, y), whose boundary is delimited by the walls
of room 1, served by the node in the coordinate (0, 0). The
SINR is calculated through an approach similar to the one
described in [11], [12], as follows:

P(Pr,,0,0)
P(PT1707 l) + Pnoise’
where P(Pr,,0,0) is the received power from the own cell,
served by the node in (0, 0). P(Pr,,0,1) is the interference

power from the neighbor cell in (0, I). P, sise is the thermal
noise power, in dBW, and is defined by:

Proise = =174+ 10 % log,g BW — 30 + NF,  (2)

where the bandwidth is BW=10 MHz and the noise figure,
NF, is considered to be 8 dB (in LTE, NF is typically 7-9
dB [13]).

In the considered scenario, P(Pr,,0,0) and P(Pr,,0,1)
are computed as follows:

P(Prs) = ProGr,Gre10~ 0, 3)

SINR(Pry, x,y) = (1)

where the the Tx and Rz antenna gains are G, and Gpg,
respectively. PL is the path loss.

In this work, since the simplified PL model (PLM) from
[13], applied in simulations of dual-stripe or 5x5 Grid topolo-
gies in urban environments, did not consider the number
of walls, the WINNER II path model for the sub-6 GHz
frequency band [9] is considered. It and stands as:

PLrpy(x,y) = Axlogy (d) + B+ C xlogq (J;c) +X, 4

where f. is the frequency, in GHz, the fitting parameter A
includes the path loss exponent, parameter B is the intercept
while C describes the path loss frequency dependence. One



assumes that the UE is served by the transmitter node of that
room, in Line-of-Sight (LoS). The interferer node is in Non
Line-of-Sight (NLoS). For LoS scenario, A=18.7, B=46.8, and
C=20; when the UE is in NLoS. Parameters take the following
values: A=20, B = 46.4 and C=20. X is an environment-
specific term that represents the effect of wall attenuation. In
the case of internal walls this attenuation is equal to 5 dB
for each wall (or circa 10 dB for thick walls), meaning that
X = bny, where ny is the number of walls between the
UE and transmitter or interferer. For a LoS link, the number
of walls is zero and X is equal to O dB. In this scenario of
interference, UEs are in NLoS and the number of walls is one.
Hence, X is equal to 5 dB.

The average SINR is measured by an UE with uniform
probability density function for its deployment over the room
area. For the considered scenario the average received powers
from the own node and interferer node can be expressed as

follows:
ZPTT //PTzGTxGRr
)

Axlogyg d+B+C*luglo(%)+X

10~ 10

dxdy,

where A,, is the total area integration and is equal to the
square of the side length of the rooms. The integration limits
are equal for both integrals and are [—1/2,1/2]. The average
received powers allow us to determine the average SINR.

One assumes a variation of the transmitter power of the
nodes from 0 dBm up to 20 dBm, as in [13]. Transmitter and
receiver gains are assumed to be 0 dBm. The parameters for
the WINNER II PLM are presented in Tab. I.

The second scenario considers three rooms deployed side-
by-side, as shown in Fig. 3. When a frequency reuse equal to
two is considered the interferer node is located at room 3 in
the coordinates (0, 2 x [). The node located at the coordinates
(0, 1) is operating in a different carrier, with a different set
of sub-channels, so the interference in the other two nodes is
null.

TABLE I: WINNER II PLM parameters.

PLM Parameters
LoS NLoS

A 18.7 A 20
B 46.8 B 46.4
C 20 C 20
X Snyw X Snw

nw 0 2 rooms, Ny 1

3 rooms, nyy 2

To determine the SINR by considering Equation 1, the
coordinates of the interferer change (compared to the first
scenario, presented above), and so changesthe distance in the
PL equation (Equation 4). The number of walls is two, so X
is now equal to 10 dB.

Results for the average SINR are presented in Fig. 4 for
both scenarios. With two rooms, the average SINR is 8.65
dB. With three rooms, due to the farthest distance between the
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Fig. 4: Theoretical average SINR. Dashed line presents results
for the 2 rooms scenario (k=1), while the solid line corre-
sponds to the 3 rooms scenario (k=2).

two nodes, the average SINR increases up to 19.53 dB. It is
also worthwhile to mention that, as the system is interference
limited, the variation of the transmitter power has not produced
a noticeable impact on the average SINR.

C. Exponential Effective SINR Mapping Study

EESM is a channel-dependent formulation that is repre-
sented by an equation which maps the power level and MCS
to the values generated by each SINR in the domain [14].
To simulate the EESM on the room of interest, an upgraded
version of the LTE-Sim was used [11], [15]. A transmitter
power of 20 dBm was considered together with receiver and
transmitter gains of 0 dBi. Tab. II presents the parameters
considered to perform the simulations.

TABLE II: Simulation parameters to obtain the EESM.

LTE-Sim parameters
Packet scheduler Proportional fair
CQI report Periodic

CQI report interval 1 ms
Frequency reuse pattern 1;2
Noise figure 2.5

Fig. 5 presents the simulation results for EESM. In the
topology with two contiguous rooms, the lowest values of
EESM are obtained if UEs are near the wall shared with the
neighbor room, as shown in Fig. 5a. In this case, the EESM
is &= 5 dB; in the opposite wall the ESSM is ~ 11.5 dB. The
highest values are obtained near the eNodeB.

This behavior is maintained when 3 rooms are considered,
and the interference comes from room 3 only. Results are
shown in Fig. 5b. EESM is higher, as the interferer node is
farther away. The lowest obtained value of EESM is 17 dB,
near the wall that separates room 1 from room 2, while in
the opposite wall the value of ESSM is 21 dB. The maximum
possible value of 40 dB for EESM was obtained in a broad
area near the cell center.



(a) room 2 (k=1)
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Fig. 5: EESM for a frequency band of 2.6 GHz with 10 MHz frequency bandwidth.

III. RECEIVED POWER MEASUREMENTS SRSLTE SYSTEM
A. Environment Characterization and Experimental Setup

The experimental setup features one or two base stations
that are supported by USRP B210 together with srsLTE
running over Linux Mint v20.1 in portable computers [16].
These computers support the eNodeBs and evolved packet
core (EPC). Similarly, authors from [17] used USRPs B200-
mini and B205-mini to establish a testbed setup for LTE. In
a slightly different way, authors from [18] considered USRPs
B210 to show the interoperability between LTE and WiFi to
offload the 4G mobile communications traffic to the WLAN.

SrsLTE [19], [20] is executed over GNU Radio [21] to make
use of resources such as the built-in spectrum analyzer. The
library supports different types of radio frequency (RF) front-
ends [22]. The supported bandwidths are the 1.4, 3, 5, 10 and
20 MHz [4]. The srsLTE maps the signal-to-noise ratio (SNR)
performance into BLER in real time, during the tests.

Rooms are characterized by the ceiling made by mineral
fiber boards (whose height is 3 m), glass windows, and
projected plaster walls. The main base station (BS), supported
by USRP B210, was at room 1, while the interferer BS may
be at room 2 or room 3. BSs were fixed close to the ceiling,
at the center of the rooms. The UE was positioned at 1.5 m
height, as shown in Fig. 6.

Fig. 6: Experimental setup with USRP B210 and PCs running
srsLTE.

USRP B210 supports a sampling rate of 61.44 MHz, contin-
uous frequency ranging from 70 MHz up to 6 GHz and enables

flexible Rz gain adjustment [10]. Each USRP is connected to
a notebook (equipped with USB 3.0 and Intel® Core™ i7-
8770 CPU with four physical cores with a maximum clock
frequency of 4.0 GHz) running the srsLTE, as shown in Fig. 6.
All the notebooks have a similar configuration.

B. Testing with Software defined radio

4G networks provide high-quality access to mobile users
while supporting enough user throughput, even for users
further away distant from 7'z nodes. As frequency channels
need to be reused in different zones of the buildings, the
impact of the interference between co-channel cells needs to
be assessed through the evaluation of C'/I.

By considering video streaming transmission, the study of
srsLTE system performance mainly involves to measure the
C/I for the DL, as well as the throughput and delay of
the system. The srsLTE execution parameters are configured
through the configuration file (.config), i.e., only the config-
uration file is added after the program is running and the
configuration parameters are executed in the configuration file.
The change in the output power of the USRP with the srsLTE
is made through the (.config/srsenb.config) file, where it is
possible to configure the parameters, e.g, frequency or gains.
The srsLTE identifies only frequencies in E-UTRA absolute
radio-frequency channel number (EARFCN), in addition to
varying the frequency. Tests with srsLTE have been carried
out with EARFCN 2800, corresponding to the 2625 MHz
frequency band (10 MHz bandwidth).

C. Results and Analysis

Tests have been performed with video streaming (at 3.1
Mb/s) running in the transmitter mode and being received
in the UE. Measurements have been made by collecting data
during sixty seconds in each of the 49 points.

First, we have extracted results for the received power in the
49 measurement points of the topology without any interferer,
i.e., with only one transmitter node in room 1. The position
of the UE varies inside the room in the considered (z, y)



coordinates. Fig. 7 shows the average received power as a
function of the position within the classroom in a scenario
without interference nodes.
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Fig. 7: Received Power for the 2.6 GHz frequency band,
measured with USRP B210, without interferer.
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In the presence of interference, as a trend, there is a
reduction in C//I when the UE walks towards the interferer.
Besides, a difference of more than 10 dB exists in the results
for the average C'/I with the interferer BS placed in room 2
(Fig. 9a) and in room 3 (Fig. 9b), partly explained (=9 dB)
explained by the attenuation in each wall.

Fig. 10 compares the values of C'/I, with received powers
from the own cell and interferer nodes) measured with the
USRPs B210 (and srsLTE) with analytical results obtained
with the Winner II path loss model (curves in dark or light
blue if interference comes from rooms 2 or 3, respectively),
over the straight line in the centre of the rooms (y = 0),
common to all the BSs (represented by dark orange dots
or light orange squares, if interference comes from rooms
2 or 3, respectively). Measurement results with an FSH8
spectrum analyzer are also presented (with dark purple dots
diamonds or light purple triangles if interference comes from
rooms 2 or 3, respectively). As measurements have been
taken simultaneously, differences between FSH 8 and USRPs
measurements were caused by an hiding effect of a device to
the other.

IV. CONCLUSION

We have considered 4G indoor coverage on a floor of our
Department with adjacent classrooms. The size of each room is
7.32 x 7.32 m%. While room 1 is the room of interest, where
theoretical and practical measurements took place, BSs that
act as wireless interfering nodes are also separately considered
either in room 2 or room 3. By varying the UE positions within
room 1, it was possible to verify that the highest values of
the received power occur close to the central BS. However,
compared to the WINNER II propagation model, the received
power does not decrease suddenly because of the effect of

the reduced gain in the radiation pattern in the back part of
the antenna. As the system is interference limited, as a general
trend, results for C'/I follow the behavior of the EESM curves.
C/I is higher in the wall further away from the interferer, and
decreases when the UEs comes close by the wall that divides
rooms 1 and 2. In addition, it was demonstrated that there is an
effect of “wall loss” shown by the path loss increase between
room 2 and room 1 (or between room 2 and 3). If we consider
an attenuation for each wall of circa 7-9 dB the trend of the
WINNER II model for the interference coming across different
walls is verified. Future work includes to analyze in detail
results obtained with the spectrum analyzer while considering
upper frequency bands that are being considered for 5SG New
Radio and will allow for supporting larger bandwidths, e.g., at
the 3.5 GHz and 5.4 GHz frequency bands.A vector network
generator may also be used.
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