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Abstract—Ensuring robust wireless coverage in a refinery’s
outdoor facilities poses a significant challenge due to the metal
and pipe-heavy environment hindering wireless signal transmis-
sion. The difficulty arises from the need for numerous Wi-Fi
Access Points (APs) to cover the expansive facility and the
associated installation costs, switches, and cabling infrastructure.
Traditional Wi-Fi deployment is further complicated by the
unlicensed spectrum, leading to contention and collisions that
impact the reliability of mission-critical applications on the
network. While public cellular networks are an alternative,
their limited proximity to refinery regions creates challenges.
However, these Mobile Network Operator (MNO) deployments
are often far from the refinery, and the base stations struggle to
penetrate (if the frequency is not in low and mid-band) the metal
pipes, resulting in unreliable network connections and frequent
application disruptions. Our work addresses the challenge of
complex environments by deploying a private network using
the 3.5 to 3.7 GHz CBRS spectrum within the refinery. We
proposed an optimal placement model and validated it with
actual measurements. The deployed private network ensures a
strong RSRP signal inside metal pipes, allowing employees to
move freely and maintain seamless connectivity for their daily
activities.

I. INTRODUCTION

Wi-Fi technology is instrumental indoors, addressing the
high-capacity needs of diverse users such as mobile devices,
loT, and AR/VR applications. As applications transition from
high capacity to mission-critical or enterprise-level, there
is an increasing demand for minimal latency and reliable
transmission. Connectivity is essential for employee devices,
sensors, and 10T in scenarios like refineries, encompassing
extensive outdoor areas spanning several acres. However,
deploying Wi-Fi in such environments presents challenges.
Wi-Fi access points (APs) typically have lower power trans-
mission, resulting in a smaller coverage by default range [1].
Covering the entire outdoor footprint becomes challenging,
necessitating more Wi-Fi APs. Additionally, the deployment
requires backhaul infrastructure for fiber/copper, power supply,
and switches to activate these Wi-Fi APs in transmission
mode. This infrastructure complexity adds to the challenges
of achieving comprehensive coverage in outdoor areas like
refineries.

In refinery operations, downtime can cost 250,000 dollars
per hour and even up to 2,000,000 dollars per event, empha-
sizing the need for reliable connectivity in such industries.
Unplanned outages and emergency shutdowns in the oil,
gas, and petrochemical industries have substantial financial
and operational consequences. These figures do not account

Fig. 1: Refinery Surrounding Environments with Metal Pipes

for additional costs associated with consequences such as
environmental or infrastructure damage, personal injury, or
damage to business reputation.

Avoiding unplanned outages and emergency shutdowns is an
intricate balancing act involving preventative maintenance, in-
spections, and expensive periodic turnarounds costing millions
of dollars. The ongoing effort to reduce the expenses associ-
ated with these preventative measures is a top priority and a
longstanding focus. Initiatives include more efficient processes
and better staff training through digital transformation projects
that extend the use of 10T, Al, and sensors to collect and
analyze performance data. Given refinery sites’ specific needs
and scale, Wi-Fi deployments may not be the most suitable
solution [2]. An alternative option is public cellular networks,
but this comes with challenges, such as most resource blocks
with in the spectrum bands not being dedicated to mission-
critical applications or operational requirements within the
refinery (which is shared by non-refinery users). Moreover, the
deployment of public MNOs is often far from refinery sites,
leading to unreliable communication, especially for employees
working deep inside metal pipes during their daily tasks.

Implementing a private wireless network is ideal for exten-
sive refinery deployments with deep metal structures. In the
U.S., private networks use the mid-band spectrum (3.5 to 3.7
GHz), specifically the CBRS spectrum, offering 150 MHz for
private use. This allows enterprises to deploy LTE and 5G
technologies independently of licensed spectrum constraints.
In the mid-band, the private network [3] deployment allows the
frequencies to penetrate deep inside the pipes. The deployment
process includes placing private network base stations or APs
within the refinery premises. Unlike public cellular, the private
deployment has a strong RF footprint regarding good RSRP
signal strengths inside the metal pipes. Additionally, the radio
resource blocks (spectrum) are exclusively dedicated to the
refinery users. While private network deployments carry the
significant potential to enhance the efficiency of planned main-
tenance and mitigate the impact of unplanned shutdowns, un-
fortunately, a crucial factor, unreliable connectivity, profoundly
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affects the deployments. This study aims to demonstrate the
first practical deployment of a private network in a refinery
setting and illustrate its RF footprint, encompassing coverage,
mobility, and performance.

Il. COMPARING CONNECTIVITY OPTIONS - PUBLIC
CELLULAR, WI-FI AND PRIVATE WIRELESS

The public cellular is best for roaming outside the com-
pany’s facilities.

Spotty coverage: Spotty wireless coverage indoors and
especially outdoors causes delays in gathering and transmitting
data, often resulting in a loss of productivity. In public
cellular, the coverage depends on the location of macro towers,
construction materials, landscape, and other external factors.
Considering Wi-Fi [4] [5], poor network coverage, especially
outdoors, lowers transmission power susceptibility to spectrum
noise - co-channel interference results in spotty coverage.
However, in private networks [6], it is a more pervasive
wireless solution due to higher transmit power, lower noise
floor, and low wireless interference.

Unreliable QoS: Mission-critical applications require
definitive latency and throughput. Public Cellular is a best-
effort-based solution and cannot guarantee QoS without expen-
sive on-site installations. Wi-Fi does not guarantee throughput
and latency as Wi-Fi does not support deterministic QoS with
strict priority contention-based (CSMA-CA), requiring devices
to “fight” for access, making prioritizing challenging. How-
ever, the private wireless network guarantees SLA for critical
applications. 5G LAN features Microslicing technology that
enables deterministic QoS with strict priority. Microslicing
assures guaranteed bit rate and latency values for each device
and application.

Mobility Issues Autonomous vehicles and robotics often
traverse expansive areas at speeds exceeding 25 mph. While
mobility in public cellular networks is generally acceptable
outdoors, it poses challenges indoors due to poor signal
strength, contingent on the building materials used. On the
other hand, Wi-Fi is not inherently designed for seamless
mobility, as handover decisions are device-driven, requiring
disconnection and reconnection to access points based on
proximity. In contrast, private wireless networks facilitate
seamless mobility within a company’s indoor and outdoor
facilities, and its infrastructure controls handover decisions and
executes them with precision and timing [7].

Inadequate security/Control The Enterprise IT team needs
control of QoS and security policies. MNO carriers set the
routing, security, and QoS policies, so enterprises have very
little control. In the Wi-Fi scenario, many Wi-Fi networks
utilize pre-shared keys and open SSIDs to allow for loT
and guest device connectivity, opening doors to additional
security-based risk factors for critical enterprise infrastructure.
However, private wireless provides the enterprise IT team
complete control of routing, security, and QoS policies. In
addition, private networks ensure end-to-end data and infor-
mation security using SIM/eSIM technology.

Constantly increasing costs The total cost of providing
wireless networks over a large area is prohibitive. Public
cellular charges are based on consumption and are subject to
overages and complex contracts. The Wi-Fi scenario requires
more Wi-Fi APs due to the lower coverage range of Wi-
Fi. Outdoor installs require expensive installation, trenching,
and cabling. There are fewer APs in private wireless due to
the higher coverage range of Private Wireless. Outdoor APs
can be roof-mounted to provide significant outdoor coverage,
avoiding the cost of trenching and cabling.

A. New challenges compared to conventional small cell de-
ployment

Conventional AP deployment operates on licensed spec-
trum bought by MNOs for billions, often not dedicated
to mission-critical applications due to downlink-heavy
nature and shared usage.

Mid-band MNO spectrum transmission power is high
(e.g., 72 dBm for C-band in the US), while private
networks use 47 dBm, requiring denser small AP deploy-
ment.

CBRS spectrum sharing model in private networks allows
anyone with the SAS framework to use the 3.5-3.7
GHz spectrum on a tier-3 GAA model, potentially caus-
ing uncontrolled external interference. Effective private
network deployment must account for this interference,
unlike conventional small cell licensed deployment where
spectrum is operator-owned and planned.

The differences in spectrum, transmission power, traffic
nature, capacity, and coverage necessitate a unique approach
to private network deployment, involving dense, SON-based
power optimization and RF channel planning. Therefore, our
work focuses on a distinct private network deployment model
based on spectrum sharing.

I1l. BENEFITS OF PRIVATE NETWORK DEPLOYMENT

Quite simply, reducing turn-around times and minimizing
shutdowns becomes a reality. The plug-and-play solution can
be used to reduce a 90- day refinery turn-around by 2 weeks [3]
(a 15% reduction) just by deploying private wireless and taking
advantage of reliable connectivity through:

Connected worker solutions - Now the employees can go
rounds with a constantly connected device, inspectors can now
gather and share data in real-time. The personnel can also
connect with off-site experts in real-time through Zoom/Teams
calls at the location of the problem to resolve issues quickly.
Also, in future, it can enable AR/VR-based remote worker
training. Overall, the continuous worker safety/compliance
monitoring is possible through private network.

loT/Predictive maintenance/Digital twin/Al - Reduces the
need for manual inspection using loT Sensors for predictive
real-time monitoring and Digital Twin solutions for the refin-
ery site and equipment. The environmental sensors can be used
for managing emissions and meeting regulatory requirements.
Gathering data wirelessly from anywhere in the plant can
enable the use of Digital Twin technology for simulations and
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Fig. 2: Refinery - Public and Private Architecture Diagram

other Al initiatives for the company to develop competitive
advantages in the industry

A. Future Supporting Use-cases

However, it’s not just shutdowns and turnaround that benefit
from pervasive, reliable connectivity. With private 5G infras-
tructure, we’re now seeing additional use cases including:

The ability to deploy robots for inspection and repair in
hazardous areas - The private wireless radios can provide
connectivity to autonomous robots operating in hazardous
locations where manual inspection is not possible or
dangerous. The robots can also be deployed anywhere
for site inspections and inventory management across the
large property.

Increased flexibility when deploying security cameras and
machine vision - The security cameras can now be set up
anywhere with no need for expensive network cabling.
The machine vision applications can monitor and alert
conditions in the plant without manual intervention.
Optimized supply chain management - By enabling real-
time tracking of materials and equipment, you can im-
prove the efficiency of the supply chain, avoiding delays
and ensuring the timely availability of resources when
required.
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Fig. 3: Private Radio Deployment with Predicted RSRP.

IV. OPTIMAL PRIVATE NETWORK DEPLOYMENT

In this model, we propose an efficient placement algorithm
of CBRS APs. In this model we estimate the minimum number
of CBRS APs required for placement, so as to provide a
SINRtHr to every outdoor sub-region (-2 dB). Here, we
assume that the CBRS APs transmit at maximum power. The
table 1 shows the notations used in this work.

TABLE I: Glossary

Notation Definition

Ri Set of all refinery sub-regions

Eo Set of all outdoor external outside refinery sub-regions

Za 1 if CBRS AP is placed at outdoor refinery sub-region a, zero
otherwise

Xja 1if ™ outdoor refinery sub-region is associated with the CBRS
AP located at sub-region a, zero otherwise

fja Channel gain between outdoor sub-regions j and a

[ 1 if user is located at external outer sub-region j, O otherwise

G Set of all External MNO BSs

POa Normalized transmit power of CBRS AP 8,0 pos 1

A. Path Loss Model (PLM)

The path loss model (PLM) from the External MNO to an
refinery sub-region user (rSU) and external MNO sub-region
user (eSU) is given by:

PLM = 40log, ﬁ +30log;oF+49+n (1)

where, d is the distance of the sub-region of rSU/eSU from
MNO BS in meters, n is the number of walls or metals in
between MMO BS and rSU, T is the center frequency of MNO
BS, k is the number of metal racks and is the penetration
loss. The PLM from CBRS AP to rSU/eSU is given by:

PLM =37 +30l0g,d + 18:3k®D 0@ +n  (2)

In our setup we assumed that the antenna gain for CBRS
APs are 13 dBi and 5 dBi respectively, and we calculate
the channel gain between users and various BSs using the
PLM and antenna gain. In placement model, we assuming
that there are no external operators in the surroundings of
the building. The aim is to boost the Average SINR for all
the outdoor refinery users with a minimum number of CBRS
APs and maintain a minimum SINRtp, in all outer refinery
sub-regions. To boost the data rate for outdoor refinery users,
the CBRS APs are transmitting at the peak power, are placed
optimally without any coverage holes. The objectives of the
placement are mentioned below:

Minimize number of CBRS APs, needed for maintaining
threshold SINR in each outdoor refinery sub-region.
Determine the optimal locations for placement of CBRS
APs outside.

Identify the CBRS AP to which the outdoor refinery users
in any given sub-region have to be associated with

In order to provide a good SINR to outdoor refinery users,
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every CBRS AP operates at its peak transmit power (Pmax)-
So, the goal is to minimize the total number of CBRS APs
deployed, expressed by Eqgn (3).

>

min Za ©)
a2R;j
Assuming that a sub-region corresponds to an outdoor
refinery user, it is allowed to associate with only one CBRS
AP (refer Eqn (4)) outside the refinery.
X

Xja = 1
a2R;

8j 2 R;j 4

Xja Za O 8j;a 2 R; (5)

These constraints ensure that every outdoor refinery sub-region
is connected to one and only one CBRS AP.

The formulation of the MIP placement, guarantees a cer-
tain minimum SIN Ry, for all users, within every refinery
outdoor sub-region. The L.H.S of the Eqn (6) is the SINR
value of the signal received by a particular outdoor sub-region
J from the CBRS AP located at sub-region a. To ensure good
coverage, the SINR of outdoor sub-regions must be maintained
above the predefined threshold , given by:

g @

No + gjbPmaxzp +
b2Rjna e2G

Xja) + fjaPmaxZa

- 8j;a 2 R;
fjePeMNO (6)

The above Eqn (6) can be linearized as,

In;< (1  Xja) + fjaPmaxZa

gjbPmaxzp + fjoePeMNO ) 8j;a2R; O
b2Rjna e2G

( No +

ffe and fj, are the channel gain from External MNO and
CBRS calculated using Eqn (1) and Eqn (2), respectively, Ng
in Egn (6) is the system noise and Peypno IS the power of
the External MNO. If Xja=1, then z,=1. Finally, the optimal
placement method is formulatgd-as follows,
min Za
a2R;
The above placement formulation guarantees that all the

users outside the building will get a certain SINRtp, with
minimum number of CBRS APs.

s.t, (4), (5). (7).

V. REFINERY - PUBLIC AND PRIVATE NETWORK
ARCHITECTURE

Considering public cellular connectivity from an operator
also presents many challenges. The IT team can neither
guarantee the required data throughput and latency nor the
coverage required at every inspection point. A refinery also has
little or no control over the carrier’s radio network and data
prioritization. With local servers used to increase resiliency,
“traffic hair-pinning” from the operator core to the local site
becomes very inefficient. In addition, scaling operations would
be expensive since every tablet/computer needs a data plan,
and the refinery will need to deal with security concerns with
its proprietary data going through the carrier’s public network.

TABLE II: CBRS Experiment Parameters

[ Parameter [ Value ]
Number of APs 12
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 2x2
Carrier Aggregation Enabled
Spectrum CBRS
Tools QXDM, Ipref and Ping

Fig. 2 shows the architecture diagram of public cellular
MNO and private networks. The MNO network connects all
the sensors (10T) and inspection devices (such as iPads, Mobile
devices, Laptops, and Cameras). Connecting multiple devices
becomes more challenging if the RSRP signal strength from
the outdoor macro base station is not strong. Most of the time,
the refineries are outside the urban region. The benefit in the
urban region is that because of the high demand for mobile
users, operators deploy more Macro and Small Cell (Pico and
Femto) base stations with different band combinations from
Low, Mid, and High. The landscape of the United States is
vast, and most of the land region is rural. It is challenging
for the operator to deploy dense base stations in rural areas
with less population. Hence, most of the time, it is possible
that the refinery’s regions are at the edge of the macro base
station. Ultimately, this leads to poor coverage and coverage
holes on the premises. When the employee moves into the deep
inside pipes, the device applications get disconnected due to
a coverage hole from the Macro network.

On the other hand, the private network is deployed inside
the refinery premises from radio to the core network. So, there
is no back-haul latency on the network. Also, the deployed
radios in the refinery premises bring a strong RSRP footprint.
Even deeper inside the pipes, the inspections, Zoom calls
for meetings, and running the sensitive applications are all
possible with reliable connectivity.

VI. EXPERIMENTAL SCENARIO AND RESULT DISCUSSION

In this deployment, all radios operate on the CBRS spectrum
band 48. All the deployed radios connect to the centralized
controller Self Organizing Network (SON) algorithm, which
is primarily responsible for channel assignment and Physical
Cell 1D (PCI) allocation. Ultimately, this avoids PCI collision
or PCI confusion on the network. The deployment environment
is outdoor, and all the radios use the existing refinery back-baul
network and switches. Hence, no additional cost is involved in
building the infrastructure for deploying the private solution.
The number of radios deployed in the setup is 12, and all
the radios operate on the Omni antenna as shown in Fig 4. In
omni, there are two antenna port connected to the AP. So, there
is an advantage of 360-degree coverage. In addition, there will
be GPS antenna connected to the AP, in order to synchronize
between the cellular frames for effective performance. Table I
shows the detailed experiment configuration parameters used.
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Fig. 6: Handover and Mobility Behavior in Dense Deployment Regions

A. Comparison between Predictive and Actual Data

Figure 3 illustrates the private network deployment through-
out the refinery. The RSRP heat map was generated using the
Google network planner tool, which incorporates factors like
multipath, reflection, shadowing, building blockage, and metal
obstruction. The RSRP predictions depend on AP transmission
power and blockage effects. We compared the predicted RSRP
footprint with actual measurements from APs and devices
(UEs) across the refinery. We found a 4 to 5 dBm difference
between predictions and actual results, reinforcing the predic-

tive model’s accuracy in estimating AP counts in challenging
environments.

B. Coverage HeatMap

Fig. 5 shows the coverage heat map of the refinery premises.
The coverage map is based on the RSRP signal strength from
the connected APs or PCIs. The RSRP ranges are broadly
divided into three colors: green, yellow, and red, respectively.
The RSRP green is in the range of -70 to -82 dBm, yellow is in
the range of -83 to -103 dBm, and red is in the range of -104 to
-106 dBm. We have walked into the refinery regions inside and
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outside the pipes. The actual inspection team working inside
the pipes led most of the walk patterns in the refinery; there are
many places where they have the bar codes, which allow the
employees to scan those as a part of the inspection activities.
We have not observed any coverage holes in the entire facility,
even deep inside the deep metal pipe surroundings.

C. Mobility and Handover or Roaming Behaviour

In this scenario, the walk route is from the dense deployment
area from AP 1 to AP 5, as shown in Fig. 6. Each AP has a
unique PCI assigned by the SON algorithm. The AP 1, AP 2,
AP 3, AP 4, AP 5, and AP 6 are allocated with PCls 327, 321,
337, 330, 318, and 306, respectively. Each color represents
the corresponding PCI concerning the AP connected. Fig. 6
shows the handover behavior in the dense AP deployment
region. When the device gets connected to AP 1 PCI 327,
we can notice the color light yellow, and after some point,
when the device moves closer to the overlap region of AP 2,
the target AP has a strong RSRP compared to the serving AP
1. Eventually triggering the handover, we noticed the device
connected to AP 2 i.e., PCI 321.

As the device moves closer to the overlap region of AP 3
i.e., PCI 337 eventually triggered the handover due to the
stronger signal strength from AP 3 compared to AP 2. Again,
the device moves from AP 3 to AP 4, and then, finally, it
moves close to AP 5. Interestingly, we observed that two spots,
A and B, had different observations as we moved from AP 4
to AP 5. Suddenly, the device connected to AP 3 (at some
distance or some time) instead of AP 4 or AP 5. We used
an RF network planner tool to understand the terrain, path
loss, and blockage in the refinery. We noticed the terrain is
up and down, and it is not a flat surface. Also, we noticed
there is a huge building close to spot A (as shown in Fig. 6
(b)) blocking the signal from AP 4, and hence, in the spot
A region, we observe a strong signal from AP 3. Hence, the
device in the shorter region connected to AP 2. After moving
away from the blockage, the device connected back to AP 5.

Similarly, at Spot B, we noticed the device did not connect
to either AP 3 or AP 4, but it connected to far away AP i.e.,
AP 6 (as shown by the purple color). This is because, from
AP 3 and 4, the huge metal completely blocks the signals, as
shown in Fig. 6 (b). However, from AP 6, there is a possibility
of a strong signal to the device in the region of Spot B. The
handover performance is seamless, and the choice of target
AP is as expected.

D. Coverage Distribution during Mobility

Fig. 7 (a) shows the dense deployment of CBRS APs inside
the metal pipes—the zoomed-in image of the dense scenario in
Fig. 6 (a). In this section, we discuss the comparison between
model and measurement and performance of coverage based
on the RSRP CDF distributions. The optimization model,
solved using the CPLEX GAMS tool, determined the optimal
AP count, matching the professional Google planner tool.
Fig. 7 (b) compares the theoretical model and measurements
for densely deployed APs (AP1-6). The average SINR for each

AP, based on the connected channel or frequency, showed only
a 1 dB difference between the model and the measurements.
Fig. 7 (c) shows the RSRP distribution of the APs in those
dense regions. We observed no coverage hole in those regions.
Also, 95% of the data points are in the strong signal RF foot-
print, which relates to high downlink and uplink performance
inside and between the metal pipe areas. The reason to see
less data on AP 6 on the RSRP distribution is due to the short
distance connectivity i.e., Spot B, primarily due to the metal
blockage from AP 4. Similarly, Fig. 7 (d) shows the coverage
distribution of the entire refinery area.

E. Throughput Performance in Downlink and Uplink

In this experiment, we used the iPerf tool to record all
the throughput performances. The iPerf server runs on the
private network edge on the refinery premises, which avoids
any additional back-haul delay on the network. We used TCP
traffic with a parallel stream of 15 to mimic the behavior
of more users in the network. We started our experiment
with a single UE to understand the full potential of downlink
and uplink performance. Then, in the next step, we added
three devices to understand the fairness and load sharing
of radio resources among the devices. Fig. 9 (a) shows the
average downlink (DL) throughput performance for single UE
and multiple UEs on the network. With carrier aggregation
enabled, the network is configured with two 20 MHz i.e., 40
MHz. We expect the average throughput to be close to 150
Mbps. Also, we noticed that when the load increased from one
to three UEs, the resource blocks were fairly shared among the
devices. This is mainly due to the cellular scheduling algorithm
allocating the slots efficiently. Similarly, Fig. 9 (b) shows the
average UL throughput performance. In uplink, there is no
carrier aggregation enabled, so with the single UE, the average
uplink performance achieved is 26 Mbps, and when the load
increased from one to three devices, we noticed that similar to
downlink, the resource block allocations are fairly scheduled
in the scheduling algorithm. Hence, the throughput gets shared
among the devices.

F. Different Use-case Application Performance

1) Teams Application Call: If there are issues with in-
spection, sensors, or pipes, refinery employees may need to
call remote teams to show the problem area. This allows
engineering or other teams to assess and address the issue
promptly. Given the critical nature of these areas, quick action
and response are essential. In this scenario, we conducted an
audio and video team call with UE 1 and UE 2 connected
to the private network. UE 1 was stationary and connected to
AP 4 (PCI - 318), while UE 2 moved from AP 4 to AP 3
(PCI - 337), as shown in Fig. 8 (a). We observed a seamless
handover between the two APs within the refinery premises.

2) Ping Latency Traffic: This experiment considers four
average RSRP scenarios to measure the performance. In
scenario (S1), the average RSRP of the device is in the range
of -65 to -72 dBm. In scenario (S2), the average RSRP of the
device is in the range of -72 to - 82 dBm. In scenario (S3),
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the average RSRP of the device is in the range of -82 to -92
dBm. In the end, the scenario (S4), the average RSRP of the
device is in the range of -92 to -106 dBm. Fig. 8 (b) shows the
average latency of ping traffic for the four traffic scenarios. We
observed an average latency of approximately 30 ms. Hence,
the employees can run their mission-critical applications in all
refinery regions.

3) Streaming and File Download and Upload: In this
scenario, we observed no issues from 4 bars to 1 bar on the
streaming application. Also, the buffer plays a backup to play
the video smoothly without any glitches. We tried different
upload and download file size scenarios with 4 bars to 1
bar signal strength. We noticed that the applications could
reliably transmit the data in all the scenarios. Fig. 8 (c) shows
the outcome of the file transfer and streaming application
possibility.

VIlI. CONCLUSION

In this work, we presented the first commercial private
network deployment in a refinery setup with a metal pipes
structure. We observed that the private network deployment
provides strong RSRP signals between the pipes, ensuring
continuous coverage and seamless mobility with reliable con-
nections throughout the refinery. We have not observed any

coverage holes in the premises. Also, we validated multiple
real-time applications, which the end-users will use as a part
of their employment and daily activity work.

REFERENCES

[1] V. Sathya, M. I. Rochman, and M. Ghosh, “Measurement-based coexis-
tence studies of LAA & Wi-Fi deployments in Chicago,” IEEE Wireless
Communications, vol. 28, no. 1, pp. 136-143, 2020.

[2] V. Sathya, L. Zhang, and M. Yavuz, “A comparative measurement study
of commercial wlan and 5g lan systems,” in 2022 IEEE 96th Vehicular
Technology Conference (VTC2022-Fall), pp. 1-7, IEEE, 2022.

[3] Celona, “5G LAN,” 2020, https://assets-global.website-files.com/
5e3752187aa7cf8ed3ac0109 / 628662357eaa01851fdfb744_Celona %
20Whitepaper % 20- % 20Definitive % 20Guide % 20to % 205G % 20LANS.
pdf.

[4] L. Zhang, H. Yin, S. Roy, and L. Cao, “Multiaccess Point Coordination
for Next-Gen Wi-Fi Networks Aided by Deep Reinforcement Learning,
doi=10.1109/JSYST.2022.3183199,” IEEE Systems Journal.

[5] G. Bianchi, “Performance Analysis of the IEEE 802.11 Distributed Coor-
dination Function,” IEEE Journal on Selected Areas in Communications,
vol. 18, no. 3, pp. 535-547, 2000.

[6] A. Rostami, “Private 5g networks for vertical industries: Deployment and
operation models,” in 2019 IEEE 2nd 5G World Forum (5GWF), pp. 433-
439, IEEE, 2019.

[71 A. Wulandari, M. Hasan, and A. Hikmaturokhman, “Private 5g network
capacity and coverage deployment for vertical industries: Case study in
indonesia,” in 2022 IEEE International Conference on Communication,
Networks and Satellite (COMNETSAT), pp. 317-322, IEEE, 2022.

Authorized licensed use limited to: Hong Kong Polytechnic University. Downloaded on December 21,2025 at 05:37:21 UTC from IEEE Xplore. Restrictions apply.



