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Abstract—The existing traditional Macro base station de-
ployments (public MNO network) are proven to be good data
boosters for outdoor connected users. But in reality, most of the
cellular traffics are from indoor users. Also, in recent days, the
private 5G deployment is gaining momentum in the most crucial
mission-critical and data-demand application environments, such
as warehouses and shopping malls. Hence, the private network
deployment allows the user to have a dedicated radio resource
allocation for their sensitive applications. These private network,
in turn, brings cellular coverage both outdoors and indoors.
Neutral Host Networking (NHN) is a new concept that bridges
the gap between private and public parties to share the same net-
work infrastructure within an organization securely. This work
presents the first measurement study of a commercial neutral host
network compared to the Private network (PLTE), and Macro
cellular network. Furthermore, we observed the throughput fairly
shared among the MHN and Private network users in the loaded
scenario compared to the traditional Macro deployments. Finally,
we validated the performance with applications like YouTube
streaming, live video calling through Zoom, and VoIP calls.

Keywords: Neutral Host, CBRS, Semi-licensed, Private and
Public Network.

I. INTRODUCTION

In-building connectivity to public Mobile Network Oper-
ators (MNOs) has been challenging for decades. Providing
indoor coverage using outdoor high-power microcell base
stations has been increasingly challenging due to energy-
efficient buildings with e-rate glass windows and propagation
difficulties due to the Mid-band & high-band spectrum used
in 5G. On the other hand, indoor high-cost solutions such as
Distributed Antenna Systems (DAS) have limited scalability.
The challenge of providing fast and reliable in-building con-
nectivity to public MNOs has been a long-standing issue due
to the limitations of the above existing solutions.

On the other hand, private 4G/5G network solutions expand
the mobile network to the enterprise market, as private net-
works are designed explicitly for mission-critical enterprise en-
vironments. The private network delivers unprecedented range
and predictability of operation to mobile devices and IoT in-
frastructure for smart cities [1], schools, colleges, enterprises,
and industrial settings such as factories, ports, and warehouses.
Rapid and dense deployments of 5G in the CBRS [2] band
increase as private network possibilities and use cases are
burgeoning in demand.

The enterprises in US, now have a Citizens Broadband
Radio Service (CBRS) spectrum availability of 150 MHz
in the range of 3.55 GHz to 3.7 GHz channel capacity for
private networks. Using the CBRS spectrum, enterprises can
deploy their private wireless network independently of the
licensed spectrum. Fortunately, service providers can deploy
both LTE and 5G wireless technologies in the CBRS spectrum
band. There are three tiers in this CBRS spectrum Band. The
first tier, the Incumbents, has the highest priority: US naval
radar and satellite systems utilizing small geographic regions
with a small portion of the spectrum. The second tier is the
Priority Access Licenses (PAL), which businesses, hospitals,
colleges/universities, and factories use, where they have to
purchase access for the first 70 MHz per county out of the
available 100 MHz spectrum on a 10-year lease. The third tier,
called the General Authorized Access (GAA [3]), can use the
entire 150 MHz of spectrum from 3550 MHz to 3700 MHz
when the first-tier (Incumbent) and the second tier (PAL) are
not present in their geo-location. PAL and GAA radios must
register with Spectrum Access System (SAS). The GAA users
do not have much protection from interference compared to
tier 1 and tier 2 users.

Fig. 1: Celona’s Vision for Neutral Host Network.

For most enterprise deployments that rely on the private
spectrum options, the availability of CBRS to enterprises
with no licensing fees has now allowed them to deploy
their 5G cellular wireless network. As a result, they can
deploy throughout their buildings using an approach similar to
Wireless LAN (WLAN) that leverages the existing corporate
IT infrastructure. This approach significantly reduces costs and
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complexity, making it a better option than traditional indoor
cellular propagation options, such as DAS. One significant
advantage in these indoor 5G networks is the automatic
offloading of voice and data traffic from mobile devices to
the 5G network [4], tunneling traffic back to MNO core
networks. In addition to offloading, software-defined rules,
and configuration changes support multiple MNOs and new
services. This approach is called Neutral Host Networking.

Neutral Host Networking (NHN [5] [6]) is a new concept
that allows private and public parties to securely share the
same network infrastructure within an organization, as shown
in Fig.1. It extends MNO services across the private LTE/5G
network deployment that private cellular-capable devices can
access, creating enhanced signal strength or increased capacity
in the indoor locations where signal strength is poor. Further-
more, NHN operates seamlessly with MNO’s regular cellular
network and requires no user input or network authentication.
This work presents the first commercial-grade NHN deploy-
ment and analyzes the measurement-based performance study
by comparing traditional Private Network (PLTE), and Macro-
only networks.

II. BACKGROUND

A. Neutral Host Network

Neutral host (NH) models [7] are supported by a Managed
Service Provider (MSP) or individual enterprises to manage
the public and private networks. With Neutral host models, all
the public and private network subscribers have ensured good
network coverage and connectivity.

Neutral host deployments work with different configurations
based on requirements. For example, the above networks are
deployed or configured as spectrum-based neutral hosts or
multi-operator small cell networks. However, spectrum-based
neutral hosts are the most commonly used configuration for
Neutral host deployments as they can use the dedicated or
shared spectrum of CBRS in the US, and they act as their
mobile network without depending on others and providing
support to other service providers by offering services.

Multi-Operator Small Cell as a Service (SCaaS) configu-
ration provides a neutral host deployment without using its
spectrum but by sharing its backend services or small cell
network. The key concept behind SCaaS is through the Base-
band RAN virtualization on the neutral hosts within a single
cell, offering multiple frequencies and network operators.

5G Neutral hosts are used by enterprises for seamless con-
nectivity and segmentation of networks within their premises.
For example, an enterprise warehouse with private 5G for IoT
devices can simultaneously provide cellular service to their
employees/workers or guests. Furthermore, using SIM cards
or eSIM authentication on a group basis, devices within the
enterprise premises can be authorized to access the network.

B. Mobile Operator Core Network

In a Mobile Operator Core Network (MoCN), network
sharing refers to multiple mobile operators sharing the same
network infrastructure to provide connectivity and services

(authentication of credentials) to their respective users and
devices.

1) Traditional Roaming based NHN: In this scenario,
when an enterprise deploys NHN at no coverage regions
of the home network operator (MNO), we propose using
a traditional roaming-based NHN. At this time, access to
the UE grants an initiation to the NHN’s home network
system identifiers. There are instances where NHN will not
transmit its home network system identifiers. In this case, the
system information, including the information of the UE, is
in its Public Land Mobile Network (PLMN) list, and this
information is taken as a roaming network by the UE and not
as a home network system. The utilization of the NHN network
will be possible when there is very little coverage from the
home operator network, leading to a bad user experience.

2) Multiple-Operator Core Network (MOCN) NHN [8]:
This deployment of NHN is supported using a single eNB
that broadcasts the system information of all the MNOs that
allow their UEs to camp on this system. The eNB is connected
to the individual home operator’s core network through a
Multi- Operator Core Network Gateway [7] (MOCN GW),
as shown in Fig.2. The control signaling interface aggregates
at the MOCN GW. At the same time, user plane traffic is
routed directly to the individual eNBs deployed on campus.
The MOCN GW acts as the Mobility Management Entity
(MME) to the eNBs, while the MOCN GW acts as an eNB
to the MME home operator network. The other functions of
the MOCN GW is to Secure tunnels from eNB (Enterprise,
MNOs), Control S1-C aggregation, Optional user plane S1-U
aggregation (this is not the preferred configuration to avoid
unnecessary packet processing), Enterprise eNB IP address
mapping for packet routing from MNO core, MNO selection
based on the UE’s association with the enterprise network,
Relaying of the Wireless Emergency Alerts (WEA) messages
received from an MNO MME for broadcast (messaging carried
on S1-AP), and In campus mobility of the UE across enterprise
deployed eNBs. This architecture allows maximum flexibility
for the load balancing of radio resources to accommodate
multiple MNOs while retaining the control for access and
operation of a given UE with the home operator core network.
However, this approach also suffers from the same issue of UE
transitioning to the NHN only when there is no coverage of
the home operator network.

This architecture, in turn, enables RAN sharing between
MNOs and private networks. Furthermore, it allows advertis-
ing for multiple carrier and private networks to use a single
private spectrum channel, which provides greater deployment
flexibility for multi-MNO carrier in-building propagation and
private LTE/5G. Hence, the optimal radio resource allocation
at the MAC layer plays a key role in deciding the performance
of the neutral host system.

C. Connectivity options between enterprise NHNs and MNO
core networks

1) S1-C / S1-U Interfaces based connectivity: With this
option, traffic is separated at the CBRS AP and routed to the
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Fig. 2: Neutral Host Network Architectural Overview.

MNO network. Enterprise deployed eNBs (CBRS APs) are
connected via secure tunnels to the participating MNOs.

The S1 interface has two parts : An S1-C interface is used
for control signaling and an S1-U is used for exchanging user
plane / data traffic. S1 aggregator support may be required
via IPX between the CBRS enterprise networks and MNO.
Only the RAN aspects are supported from the enterprise
network and all the core network functions are supported
directly from the MNO network. The MOCN GW serves
as a concentrator for the control plane and accommodates
connectivity to multiple MNO core networks as shown in
Fig. 3 (a). The S1-U interface from the eNB may be terminated
at the MOCN GW, or a direct logical user plane connection
between eNB and the MNO LTE packet core. The latter is
the preferred option to enable direct packet routing to the
enterprise-deployed eNB from the MNO LTE packet core.

This approach is emerging as the preffered approach to
interconnect enterprise NHNs with the MNO networks.

2) S6a / S8 Interfaces based connectivity: Mobility Man-
agement Entity (MME) and Serving Gateway (SGW) functions
are hosted within the enterprise LTE packet core network. The
UE exchanges control traffic with the MME to be authenticated
and obtains an IP address. User plane data traffic is routed
through the SGW. S6a interfacing to the MNO-HSS (Home
Subscriber Server) supports user authentication; S8 interfacing
to the MNO-PGW (Packet Gateway) to assigns the IP address
to the user and supports the routing of user plane traffic as
shown in Fig. 3 (b).

This option is not the prevailing approach to connect the
enterprise NHN with the MNO networks. Based on market
requirements, a NHN may need to allow for supporting both
S1-C / S1-U and S6a / S8 Interfaces. However, current market
trends indicate that the interwork of the enterprise NHN and
MNO core is satisfied with the S1 interface implementation.

D. Neutral Host Use cases

With this Neutral Host technology, various use cases and
opportunities exist, mainly in areas with less coverage and
possibly monetize areas with coverage by sharing. Below are
some of the Neutral Host use cases.

• College Campuses: College campuses depend signifi-
cantly on device location, which provides better coverage
and speeds. 5G on campus provides unprecedented speeds
to all mobile and end-user devices. However, there are
indoor areas with less speeds due to wall penetration. Due
to this, Private Network Access Points help to provide
Indoor 5G coverage along with the neutral host network
in all areas on the campus.

• Public Event Venues: Outdoor areas such as concert
locations and other larger group events utilize the neutral
host services to provide better coverage to all the remote
areas for people and staff. In addition, NHN solves all the
challenges on-stage and provides live services for social
media coverage and marketing sessions.

• General Enterprise: Large Enterprises are looking for
Neutral host deployment where it can offer network seg-
mentation between existing public cellular networks, Wi-
Fi connectivity, and devices connected to Private LTE/5G.
This existing deployment can also provide Smart building
IoT connectivity based on the IoT devices and use cases.

III. EXPERIMENT ENVIRONMENT AND CONFIGURATION

In this section, we discuss the real retail store use-case1,
where we deployed a private network and neutral host radios
or AP in the store. In this setup, the same CBRS AP can
operate on both PLTE and NHN mode.. And this store receives
the existing MNO macro signals indoors. Hence, we try

1Due to Non-Disclosure Agreement (NDA), we could not able to provide
the actual floor plan and map, where the experiment is conducted.
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(a) S1-C/S1-U Interfaces based Connectivity (b) S6a/S8 Interfaces based Connectivity

Fig. 3: S1, S6 and S8 Interfaces Based Connectivity.

to quantify the performance of the two different networks
concerning the Neutral Host.

A. CBRS - PLTE Environment and Configuration

The CBRS deployment (on PLTE) and the connection
setup as shown in Fig. 4(c). Celona Self Organizing Network
(SON) algorithm [4] is responsible for the frequency planning
and setting the optimal EARFCN and transmission power to
reduce the co-channel interference. The Physical Cell ID (PCI)
allocation algorithm allocates different PCI for each CBRS AP,
so there will not be any PCI collision or confusion problem. In
this test setup, we used Network Signal Guru mobile network
scanner to collect the radio signals regarding PCI, EARFCN,
RSRP, RSRQ, and SINR. The Samsung Galaxy S21+ device
is used with the Qualipoc setting to collect all PHY, MAC, and
Application layer information. The walk test is performed A
custom route developed for the location in a manner that would
replicate the real-world movements through the indoor super-
center building. The collected radio metrics were analyzed
using industry-standard post-processing software. Table. II
shows the number of CBRS AP nodes and other configuration
parameters used to cover the same region of the indoor super-
center.

B. CBRS - NH Environment and Configuration

The CBRS deployment (on NH) and the connection setup is
similar to PLTE as shown in Fig. 4 (c). The same CBRS PLTE
APs and its corresponding configuration parameters listed in
Table II are used in the NH setup. The primary difference
between PLTE and NH network is that the NH APs are
connected via MCON based operator Gateway and where as in
PLTE, the APs are connected Celona Edge Network. Hence, in
NH network, there is a co-operation and co-ordiantion between
Macro and NH, in terms of UE mobility handling, and traffic
re-routing. The network is configured in a way that the Macro
Public Land Mobile Network (PLMN) ID is broadcasted with
addition to the PLTE PLMN IDs, deployed indoor. This inturn
makes the indoor CBRS AP i.e., small cells to operate on
two PLMN mode (one PLMN for PLTE and another for
NH) simultaneously. Hence, the NH user from Macro network

when they move from outdoor to indoor and vice-versa, they
seamlessly connected from Macro to NH and NH to Macro,
respectively. And, from the UE or device perspective, it will
be treated as a device connected to Macro network with strong
RSRP signal strength in indoor.

C. Macro Network Environment, Configuration, and Spectrum
Availability

The Macro cellular network is capable of operating on both
4G LTE and 5G NR bands. In LTE, the macro signals are
penetrating inside the store on Bands are 2, 4, 12, 41, and 46,
and in NR, the available bands inside the supermarket store are
bands 71 and 41. The available bandwidths are in the 5, 15,
20, and 40 MHz spectrum range. The penetration of Macro
signals is in the range of -95 to -135 dBm, and the indoor
signal quality is poor, leading to low CQI and MCS. Table I
shows the Macro deployment and configuration parameters.

D. Traffic Environment: TCP, Iperf and Ping Application

In our experiment, we use two different natures of QoS
applications, Iperf, for throughput and YouTube, Zoom, and
VoIP, for real-time delay-sensitive (DS) applications. The Iperf
server is installed regionally in Nebraska, and all macro-only,
NH, and PLTE experiments use the same Iperf server. Since
both the Downlink (DL) and Uplink (UL) traffic is TCP, we
load the network by enabling multiple TCP connections (i.e.,
30 parallel streams) over the Iperf to mimic the behavior of
high demand. Therefore, this emulates 25 to 30 UE scenarios
with 1 DL 1 DS or 1 UL 1 DS or 1 DL 1 UL 1 DS device.
The experiment procedures are as follows.
Throughput Test:

• Single device running Iperf DL or UL
• At max. three devices running on Iperf DL or Iperf UL

Application Test - No Load:
• At max. only one device running the DS app (YouTube

or Zoom or VoIP)
Application Test - Load:

• 1 UL + 1 DS: Two devices running on the test, one with
UL and another with DS application.
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TABLE I: Macro Experiment Parameters
Parameter Value

Number of LTE Bands B2, B4, B12, B41 and B66
Number of NR Bands N71 and N41
Preferred LTE Band B66
Preferred NR Band N71

MIMO 4X4 and 2X2
Operating Bandwidths 20, 15 and 5 MHz

Number of PCI/AP covered 26
Carrier Aggregation Enabled
Dual Connectivity Enabled

Spectrum Licensed
Tools QXDM, Iperf and Ping

TABLE II: CBRS Experiment Parameters
Parameter Value

Number of NHN/PLTE APs 5
Number of Bandwidth per AP 40 MHz (20 + 20)

Operating Band 48
Operating Frequency 3570, 3630, 3650, 3690

Channel Selection SAS
Micro Slicing Enabled

MIMO 2 x 2
Carrier Aggregation Enabled

Spectrum CBRS
Tools QXDM, Ipref and Ping

(a) Macro RSRP Signals (b) PLTE/NH RSRP Signals

5GC

S1
S1

S1

NHN/PLTE

NHN/PLTE

NHN/PLTE

(c)NHN/PLTE Architecture

Fig. 4: Cellular Survey at Indoor Super-Center and NHN/PLTE Architecture

• 1 DL + 1 DS: Two devices running on the test, one with
DL and another with DS application.

• 1 DL + 1 UL + 1 DS: Three devices running on the
test, one with UL, one with UL, and another with DS
application.

Notably, multiple types of traffic can happen in practice,
such as heavy UL traffic, heavy DL traffic, and small packet
transmission. This traffic can also occur at the same time in
various scenarios.

IV. PERFORMANCE TEST RESULT DISCUSSION

The performance evaluation is done for the following net-
works: Macro, NH, and PLTE. The applications used in the
trial test are Iperf for throughput, YouTube and Zoom for live
video streaming, and IxChariot for voice calls.

A. Experiment Scenarios

Analyzing the performance metrics of the network inside
the supermarket are done over four important and major
deployment as follows.

• Macro Only Deployment: The Macro base station on 4G
and 5G deployments is outdoor. Therefore, the Received
Signal Received Power (RSRP), Reference Signal Re-
ceived Quality (RSRQ), and Signal to Interference Noise
Ratio (SINR) signal that we received inside the store
are from outdoor deployments. Hence, the RSRP Macro
footprint inside the store is not good due to penetration
indoors. For example, Fig. 4 (a) shows the Macro RSRP
signal levels in the average RSRP of -110 dBm. Each
color represents different Macro PCI penetrating inside
the store.

• Private Network or PLTE Deployment: Fig. 4 (c)
shows the PLTE connectivity and architecture diagram.
The number of PLTE APs deployed inside the store is 5.
And all the APs are transmitting with the max power
of 23 dBm. Therefore, there is a strong RSRP signal
footprint inside the store. Fig. 4 (b) shows the PLTE
RSRP signal levels in the average RSRP of -82 dBm.
Each color represents different PLTE PCI penetrating
inside the store. These signals are stronger because of
indoor deployment.

• NH Network Deployment: We used the same PLTE-
deployed APs to serve the purpose of NHN2. The AP
is capable of performing both the function of PLTE and
NHN. In NHN, MNO (Macro) traffic is routed through
MCON GW, eventually reaching the CBRS network.

B. Average DL and UL Throughput Performance
In this experiment, there are three UEs in this scenario.

Fig. 5 (a) shows the average throughput on the downlink, and
Fig.5 (b) shows the average throughput on the uplink. We
started the experiment with a single UE average performance
on the downlink and uplink for all four scenarios: Macro
only, NH, and PLTE. We observed that NH and PLTE have
high performance compared to Macro scenarios. The high
performance is due to indoor RSRP signal penetration, which
leads to the effective usage of radio resources at the MAC
layer of the scheduling algorithm.

On the other hand, the Macro signal penetration is not
good inside the store, which leads to more coverage holes i.e.,

2At the time of the experiment, we turn the CBRS network either to PLTE
or NH mode.
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(a) Average DL Throughput (b) Average UL Throughput
Fig. 5: Average Throughput Performance

RSRP of > -118 dBm and poor RSRP signal. Ultimately, it
pushes low Modulation Coding Schemes (MCS) data with low
throughput at the UE side. In the 2nd part of the experiment,
we added multiple UEs to the system to understand how the
throughput is split among the UEs on each technology. As
the number of UEs increases in the PLTE and NH scenario,
the TDD MAC scheduling algorithm guarantees a fair share of
radio resource allocation for the more connected users. Though
the Macro networks also follow a similar TDD scheduling
mechanism, the low MCS leads to low throughput, which
contributes to the throughput in the range of Kbps.

There is not much difference in the performance between
PLTE and NH because both network use the same CBRS
spectrum, channel, bandwidth and power, provided SAS. The
only difference is the traffic routing in PLTE is via Celona
core network and for NH is via MCON gateway. Fig. 5 (b)
Shows the average UL throughput of the connected UE. First,
we started with a single UE and then increased the UE from
one to three. In the single UE scenario, the UL throughput is
high in PLTE and NH compared to Macro. As the number of
UEs increased in PLTE and NH, we noticed the UL throughput
shared fairly among the connected UEs.

C. Streaming Application: YouTube

In this experiment, we considered both static and mobility
scenarios.

1) Static Experiment Setup: In this setup, we are running
high-quality YouTube video streaming on the mobile device
under four different load scenarios: No Load, DL + YouTube,
UL + YouTube, and DL + UL + YouTube. Fig. 6 (a), (b), and
(c) shows the average frame dropped, connection speed, and
video quality on the static YouTube streaming scenario. We
observed that the Macro network is always challenging. Even
in the no-load scenario, it’s hard to maintain good connection
speed with good video quality and low frame drops. Also, in
the Macro network, other than store users (who are outside the
store) could be potentially connected to the network. Hence,
the radio resource got shared with the other users in the
network. The same scheduling algorithm at the Macro will
handle the users inside and outside the store. Hence, the low
signal with low MCS and low radio resource allocation leads
to poor streaming performance.

On the PLTE and NH network, we noticed a strong signal
from the APs deployed inside the building helping the clients
transmit the data with high MCS as dedicated radio resources

were available to the connected clients. Also, in PLTE/NH,
downlink, and uplink are implemented on slot-based trans-
mission, i.e., time division duplex (TDD). Hence there is no
contention or delay in the uplink ACK packet transmission
compared to the other technologies like Wi-Fi WLAN system
(Due to contention and collision on the unlicensed spectrum,
the reliable transmission of delay-sensitive application is not
guaranteed ). Also, in PLTE/NH, due to the interference-free
frequency channel, there is no contention on the spectrum.
Hence, it can maintain high video quality with good connec-
tion speed and < 0.5% packet drop from no load to high load
scenario.

2) Mobility Experiment Setup: We compare the mobility
performance of all four different networks as described above.
Fig. 6 (d), (e), and (f) shows the average frame dropped,
connection speed, and video quality on the mobility YouTube
streaming scenario. In the Macro mobility scenario, we ob-
served some spots of the store with the RSRP of -119, -
120, -122, and -123 dBm. When the client reached close to
those thresholds, we noticed dis-connection on the application
or very low throughput. Also, we observed several earfcn
footprints from many different Physical Cell IDs (PCI) inside
the store; this leads to more inefficient or sub-optimal handover
during mobility scenarios. Hence, the connection speed and
video quality are poor, with more packet drops.

In PLTE and NH mobility scenarios, we noticed good
performance in terms of connection speed and video quality
compared to Macro network deployment. This infrastructure-
based control constantly takes measurement feedback from the
UEs on the order of milliseconds helping UEs to make the
right choice of when to make the handover decision. There
is no dense earfcn deployment like Macro, so it can always
have a smooth handover transition with the right choice of
PCI selection. Hence, there is a reliable connection speed with
good video quality in all scenarios.

D. Real-time Application: Zoom

In this experiment, we considered both static and mobility
scenarios.

1) Static Experiment Setup: In this experiment setup, we
observed the latency, jitter, and packet drop of the zoom
application as shown in Fig. 7 (a), (b), and (c). All four
scenarios work fine with the Zoom video call without any
glitches or disturbances in the load scenario. As the load
increases, we notice a noticeable video glitch (due to more
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(a) Static: Frame Dropped (b) Static: Connection Speed (c) Static: Video Quality

(d) Mobility: Frame Dropped (e) Mobility: Connection Speed (f) Mobility: Video Quality
Fig. 6: YouTube Performance (Frame Dropped, Connection Speed, and Video Quality)

(a) Static: Latency (b) Static: Jitter (c) Static: Packet Drop

(d) Mobility: Latency (e) Mobility: Jitter (f) Mobility: Packet Drop
Fig. 7: Zoom Traffic Performance (Latency, Jitter, and Packet Drop)

(a) PLTE (b) Macro (c) NH
Fig. 8: No Load: VoIP Performance on PLTE, Macro and NH

packet drop as shown in Fig. 7 (c)) on the Macro scenario. In
Macro network performance degrades significantly under load.

On the other hand, NH and PLTE have excellent performance
even under load.
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(a) PLTE (b) Macro (c) NH
Fig. 9: Load: VoIP Performance on PLTE, Macro and NH

2) Mobility Experiment Setup: Fig. 7 (d), (e), and (f) show
the latency, jitter, and packet drop for the mobility scenario.
In no load, the zoom video traffic we noticed some glitches
on the Macro. Similarly to the static scenario, we noticed a
high packet drop on the Macro network as the load increased.
On the other hand, not much drop is observed in the NH and
PLTE scenarios.

Fig. 10: VoIP Test Setup.

E. Voice (VoIP) Application

In this experiment, we used IxChariot Keysight version 6.70
voice call application, as shown in Fig. 10. The VoIP call is
capable of supporting both IPV4 and IPV6. The codec version
is G.711u, and the network protocol is RTP. The service quality
enabled in this experiment is VoIP QoS. The two Google pixel
phone is used for VOIP call testing. There is no additional
traffic besides the VoIP application in a no load scenario. In
the loaded scenario, parallel to the VOIP call, the Iperf UL
and DL traffic runs during the experiment. The Mean Opinion
Score (MOS) is the metric used to determine the quality of
the VoIP call in the experiment. The lower MOS value is low
VoIP quality, and the higher maximum value greater than 4
indicates high VoIP quality.

In no load scenario, the VoIP quality in Macro is 2.6 (as
shown in Fig. 8 (b)) and for PLTE and NH is 4.3 and 4.3 (as
shown in Fig. 8 (a) and (c)) respectively. The VoIP quality
for Macro is poor due to poor penetration in the indoor
signal. The other reason for poor voice quality in Macro due
to non-reliable transmission of radio resources at the MAC
layer. These are time-sensitive priority traffic and demand
radio resource allocation with in the certain deadline. If the
Macro network serves with more number of store and non-
store UEs, with different data plans users (such as unlimited

internet or limited data plan), which leads to less prioritized
the traffic with less RBs. Similarly, in the loaded scenario
(as shown in Fig. 9 (a), (b), and (c)), the VoIP qualities are
poor in Macro at 2.8 MOS. As the load increases, the Macro
system is challenging to guarantee the voice quality due to
other non-store Macro user outside. On other hand, NH and
PLTE systems can maintain a good MOS of 4.3 even in the
loaded scenario.

V. CONCLUSION

In this work, we presented the first commercial neutral
host deployment in supermarket store setup, and showed the
benefits of routing and mobility management between the
public and private network. Also, this work depicts the first
commercial measurement result on Macro, PLTE, and NH
Network. The key observation based on the performance com-
parison is the Macro network provides a poor user experience
inside the store due to weak Macro signal coverage. NH, and
PLTE networks provide a seamless user experience for guests
and associates inside the store and improve the user experience
significantly, even under mobility and load scenarios.
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