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Abstract— With the rapid deployment of 5G NR in the sub-6
GHz frequency bands, cellular operators need to accommodate
this new technology within the limited spectrum licensed to
them, occupied mainly by 4G LTE. This poses the challenge
of migrating their 4G infrastructure to 5G, while supporting
current 4G systems in the same band. This indicates a need
for wireless coexistence between 4G and 5G systems. In this
paper, we present measurements of mutual downlink interference
between two adjacent 4G and 5G cells. The setup is based
on software-defined radios operating with cellular open-source
software. The measurements show the effect of different levels
of frequency overlap, from adjacent channel to co-channel, and
various levels of signal-to-interference ratio (SIR). The network
performance is quantified using throughput and packet loss. The
results show that higher frequency overlap and lower SIR cause
lower throughput and increased packet loss and that the overlap
region might affect the performance. This setup can be used to
study further coexistence scenarios.

Index Terms: 4G LTE, 5G New Radio, Intercell Interference
(ICI), Software-defined radio, Wireless Coexistence.

I. INTRODUCTION

As commercial cellular network operators shift from 4G
Long-Term Evolution (LTE) to 5G New Radio (NR) tech-
nology, there will be a period where the two technologies
are deployed side-by-side. The 3rd Generation Partnership
Project (3GPP) proposed dynamic spectrum sharing (DSS) [1]
between 4G and 5G systems to improve the overall system
efficiency. The DSS schemes may be based on the multi-
broadcast single frequency network (MBSFN), time domain
mini-slot, or rate-matching [2]. While the 4G and 5G spectrum
sharing in the same cell can achieve a coordinated spectrum
access and avoid mutual interference, this may not be true
about mutual intercell interference (ICI). While the physical
resource blocks (PRB) allocated to 4G and 5G systems can
be non-overlapping in the same cell, the PRB allocation in the
adjacent cells to 4G and 5G systems may be different based
on the traffic load conditions in each cell. While interference
suppression techniques, such as transmit beamforming or
precoding, may help to reduce ICI, there are still residual
ICIs due to user mobility, channel and interference estimation
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and tracking errors, and other factors. Thus, the measurement
and evaluation of the impact of mutual interference between
4G and 5G systems have a significant practical value, and
there are quite a few works devoted to this research in
the past few years [3]–[9]. However, none of these works
includes a software-defined radio (SDR)-based test setup to
measure wireless coexistence between 4G and 5G systems
and, furthermore, evaluates their performance for different
configuration parameters.

In this paper, we study the coexistence between 5G NR
and 4G LTE operating in frequency-division duplexing (FDD)
mode, affected by mutual ICI in the downlink channel. The
main contributions of this work are:

• We present a new SDR-based conducted test setup fea-
turing full-stack implementations of 4G and 5G networks
configured such that mutual interference between the
cells can be precisely controlled. This setup enables
the emulation of different geographic scenarios and cell
configurations, and may also be useful for other types of
coexistence studies.

• We measured the impact of mutual 5G/4G downlink ICI
for different levels of channel overlap, from adjacent
to co-channel interference, and the region of overlap
within each channel, as a function of downlink signal-to-
interference ratio (SIR) that varies from 0 dB to 30 dB.
The performance is quantified using payload throughput
and packet loss.

• We compared the system performance obtained with
mutual 5G/4G ICI versus a scenario of only “one-way”
interference, either from 4G to 5G or 5G to 4G.

With these contributions, we aim to provide quantitative and
qualitative information on the risks of deploying 4G and 5G
systems near each other. This information can help inform
cell-layout and planning, or aid in troubleshooting potential
interference/coexistence scenarios in existing deployments.

The rest of the paper is organized as follows. Section
II describes the measurement setup and configuration. The
methodology to emulate the distance profiles and channel
frequency overlap is detailed in Section III. The measurement
results are discussed in Section IV. Finally, the conclusions
are presented in Section V.
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II. MEASUREMENT SETUP

We conduct interference measurements among the SDR-
emulated 4G and 5G systems, assuming that their PRB
allocations (or spectrum occupancies) are non-identical in
adjacent cells. For example, Fig. 1 illustrates a case that 5G
transmissions in cell #2 may cause ICI to the 4G transmission
in cell #1. Based on the dynamic PRB allocation, mutual
interference between 4G and 5G systems in adjacent cells
could be time-varying, covering a few cases such as dominate
5G-to-4G interference, dominate 4G-to-5G interference, or 4G
and 5G mutual interference. We use programmable attenuators
to emulate the intended communication propagation channels
and the 4G/5G interference channels. We provide the mea-
sured Key Performance Indicators (KPIs) as a function of the
communication and interference channel attenuations, which
are converted and expressed as the SIR.

The complete emulation of the setup in Fig. 1 involves
programming DSS protocols, and running at least four active
downlinks for the two cells (e.g., two 5G downlink channels
and two 4G downlink channels). To reduce the high complex-
ity of the setup to evaluate the four downlinks, we consider
a simplified test setup that emulates only one 5G link (with
both uplink and downlink transmissions) in one cell and one
4G link in an adjacent cell. Furthermore, due to the lack of an
open-source DSS SDR emulation package, we do not emulate
a DSS system in this work, but consider a frequency division
multiplexing (FDM) mode between the 4G and 5G links. The
FDD mode is used for the downlink and uplink of the 4G and
5G systems, respectively.

A. Measurement testbed

The measurement testbed is similar to that studied in [10],
with at least two major differences. First, we consider the
coexistence of 4G and 5G links here, while only 4G links
were studied in [10]. Second, we evaluate the effect of different
channel overlapping ratios between the mutual interfering links
in this paper, and this was not considered in [10].

Let us consider two adjacent 5G NR and LTE cells, where
their 4G/5G base stations, called gNodeB (gNB) and eNodeB
(eNB), respectively, have one user equipment (UE) attached to
each base station. In the setup, both 5G NR and LTE operate in
a FDD mode, allowing full duplex communications by using
different frequency channels for uplink (UL) and downlink
(DL). The gNB and eNB send DL traffic to their respective

Fig. 1: 4G and 5G signal PRB allocation and differences in
adjacent cells.

Fig. 2: Mutual downlink intercell interference between 5G NR
FDD and LTE, both with FDD.

UE and cause ICI between both 5G NR and LTE DL channels,
as illustrated in Fig. 2.

In the setup, as detailed in Fig. 3, each of the base
stations and UEs is emulated using an SDR Universal Software
Radio Peripheral (USRP) device [11]. Each transmit port is
connected to a fixed, 30 dB attenuator to protect the receiver
port of the SDRs from being overloaded (Att0). The 5G NR
and LTE DL signals are divided into two paths (“Splitter #1”
and “Splitter #2”): one of them is used as the communication
channel and the other one as the ICI path. The power level
of these signals is precisely controlled in real-time through a
programmable multi-channel attenuator with gains Att1 and
Att4 for the communication channel and gains Att2 and
Att3 for the ICI path. Two combiners (“Combiner #1” and
“Combiner #2”) are used to incorporate the effect of the ICI
on each of the UEs. Two computers are used to control the
SDRs and programmable attenuator and to run an automated
script to send DL User Datagram Protocol (UDP) traffic using
iperf [12]. The UL is implemented by connecting the UEs back
to their respective base stations via fixed 30 dB attenuators
(Att0). Therefore, the test configuration reflects a scenario
where there is not significant ICI on the UL, but only on
the DL. A photo of the setup is shown in Fig. 4. The USRPs
that serve as the base stations and the UEs are visible at the
center of the top of the figure. The fixed 30 dB attenuators
are connected to each of the RF transmit ports, and the
programmable attenuator is the black box at the right of the
figure. The four rectangular blue boxes contain the splitters
and combiners.

SDR-based open-source 4G/5G software have been installed
on both computers. For 4G emulation, the srsRAN software
package is used. This package is based on 3GPP Release 10
with features up to Release 15 [13]. The 5G implementation
is achieved by use of the OpenAirInterface (OAI) software
package, which is based on 3GPP Release 15 [14]. Both soft-
ware packages include full-stack gNB/eNB and UE functions,
in addition to an Evolved Packet Core (EPC) and 5G core
for LTE and 5G NR, respectively. The 5G NR software is
more computationally intensive and the system performance
is affected by the Central Processing Unit (CPU) processing
limitations [15].

The system was calibrated prior to the measurements to
ensure similar received power levels at both UEs. The power
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Fig. 3: SDR test configuration which emulates a two-cell
mutual downlink ICI model.

loss through the fixed attenuators, splitters, combiners, pro-
grammable attenuator and cables were measured using a power
meter and an SDR generating a continuous wave (CW) signal
used as a reference. The transmit power of the emulated gNB
and eNB are �7:8 dBm and �6:9 dBm, respectively, and the
total loss through the communication path is 49:3 dB and 50:2
dB for the 5G and 4G links, respectively. For the ICI paths,
the total loss is 49:6 dB and 49:9 dB for 5G-to-4G interference
and 4G-to-5G interference, respectively. The intended received
power level at both emulated UEs is �57:1 dBm.

B. Configuration Parameters
The parameters used to configure the measurements are

summarized in Table I. Regarding the band of operation, 5G
NR is set to operate in band n66, with UL: (1710 to 1780)
MHz and DL: (2110 to 2200) MHz. LTE is configured to
operate in band 1, with UL: (1920 to 1980) MHz, DL: (2110
to 2170) MHz. The exact center frequency of the 4G and 5G
NR systems is detailed in Section III B.

Considering these parameters, the maximum theoretical
LTE throughput was 73.4 Mb/s at a Modulation and Coding
Scheme (MCS) index of 28 [16] and the maximum achieved
throughput in our measurements was 73 Mb/s, which in-
dicates a good performance of our testbed, consistent with
the software specifications [17]. Throughput was measured

Fig. 4: SDR-based measurement setup.

Parameter 4G LTE 5G NR
Bandwidth 20 MHz 20 MHz
Frame structure FDD FDD
Subcarrier spacing 15 kHz 30 kHz
Physical resource blocks 100 51
Band 1 n66
eNB/gNB transmit power -6.9 dBm -7.8 dBm
Maximum theoretical throughput 73.4 Mb/s 81.9 Mb/s
Maximum achieved throughput 73 Mb/s 58 Mb/s

TABLE I: 5G NR and 4G LTE configuration parameters

using the common software application, iperf [12], which ran
between two computers and operates at layer 4 in the Open
Systems Interconnection (OSI) model. In the iperf tests, the
target throughput was set to 72 Mb/s to help ensure stable
performance of the link.

The maximum theoretical 5G NR throughput was 81.9 Mb/s
at an MCS index of 28 [18]. However, due to hardware
processing limitations in our tesbed, the maximum MCS
index achieved was 25, which corresponds to a theoretical
throughput of 71 Mb/s. The maximum throughput achieved in
our tests was 58 Mb/s and, to maintain a stable performance
throughout the measurements, the target 5G throughput was
set to 55 Mb/s. Therefore, the target throughput values used
in our tests correspond to a fully occupied channel that utilizes
all the resource blocks available.

III. METHODOLOGY

The measurement setup is used to analyze the impact of
different distance profiles with their corresponding geographic
layout and channel frequency overlap on adjacent 5G NR and
LTE cells. Here, we consider three cases: 1. There is only
one-way 4G interference to a 5G system; 2. There is only
one-way 5G interference to a 4G system; 3. There is mutual
interference between 4G and 5G systems (two-way ICI).

In the setup, we did not assume any intercell interference
coordination (ICIC) between the 4G and 5G cells [19], [20].
In a real-world deployment scenario, this work emulates an
uncoordinated sharing scenario between adjacent cells, where
no information is deliberately exchanged between the 5G and
4G systems. These measurement results provide insights into
how the mutual interference levels can affect the performance
of coexisting 4G and 5G systems.

A. Distance Profiles and Geographic Layout
The measurement setup described above allows one to simu-

late different distance profiles by adjusting the communication
and ICI channel gains using a programmable attenuator. For
the work shown here, the attenuation level varies from 0 dB
to 30 dB with a step size of 2 dB every 10 seconds. The 10
second dwell time allows the cellular links to stabilize after the
change before performance data are collected. In future work,
this dwell time could be brought to nearly zero, simulating a
more dynamic or fading environment.
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