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Definitions and Acronyms

3GPP (Third Generation Partnership Project) - The global standardization body that creates
the protocols and technical specifications for mobile telecommunications.

3G, 4G, 5G - 3" 4™ and 5" generation of wireless cellular network technology.

ACCoRD (Acceleration of Compatibility and Commercialization for Open RAN
Deployments) - U.S.-backed initiative and consortium aimed at testing, validating, and
accelerating the deployment of Open Radio Access Network (Open RAN) technology.

Beamforming - a smart antenna signal-processing technique that focuses a wireless signal into a
directed "beam" toward a specific receiving device, rather than broadcasting it in all directions.

Calibration Information - the process of comparing a device's measurements or outputs against
a known, highly accurate reference standard.

Data Rate - The rate at which data is transmitted or received over a communication channel,
typically measured in bits per second (bps).

Gbps (Giga bits per second) - A data rate equal to 1,000 Mbps (or 1 x 10? bits per
second).

Mbps (Mega bits per second) - A data rate equal to 1 x 10° bits per second.

DOC (Department of Commerce) - a federal executive department tasked with promoting job
creation, economic growth, and sustainable development.

DOL (Department of Labor) -a Cabinet-level executive department of the U.S. federal
government responsible for overseeing various labor related points, including economic
statistics.

1Q Samples - pairs of digital numbers that represent both the amplitude (strength) and phase
(angle) of a radio signal at a specific moment in time.

ITU (International Telecommunication Union) - specialized United Nations agency for digital
technologies.

Latency - the time delay between a user's action and a system's response, usually measured in
milliseconds (ms).

LTE (Long Term Evolution) - 4G wireless broadband standard for mobile devices.

MNO (Mobile Network Operator) - a telecommunications company that owns and operates the
physical infrastructure (like cell towers) required to deliver connectivity and data services to
users.



NIST (National Institute of Standards and Technology) - non-regulatory federal agency
within the U.S. Department of Commerce that promotes innovation and industrial
competitiveness by advancing measurement science, standards, and technology.

NTIA (National Telecommunications and Information Administration) - primary U.S.
Executive Branch agency that advises the President on telecommunications and information
policy.

NSF (National Science Foundation) - Independent federal agency in the United States that
supports fundamental research and education in all non-medical fields of science and
engineering.

O-RAN (Open Radio Access Network) - A shift in telecommunications that breaks apart
traditional, proprietary cell tower hardware into standardized software and hardware
components.

Synchronization Data - specific signals, patterns, or timing markers transmitted to align a
receiver's internal clock or processing loops with the transmitter (ensures that the receiver knows
exactly when a signal begins, ends, and how to accurately interpret the transmitted data).

Throughput - the actual rate at which successfully transferred user data (payload) passes
through a network or communication channel.

Vendor Lock In - when a customer becomes highly dependent on a specific vendor's product or
service, and must keep using that vendor for future upgrades/usage.
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1.0 Executive Summary

According to the National Telecommunications and Information Administration (NTIA), the
United States must ensure sufficient research in radio infrastructure to remain competitive in
future wireless generations (such as 5G and 6G) [1]. Additionally, the NTIA emphasizes that this
must apply to both technological innovation and economic competitiveness.

However, the 5G network, unlike its predecessors, has the ability to utilize its various radio
components separately. This implies that different incompatible radio components may be
provided by different vendors, thus creating interoperability issues. One of the primary technical
solutions to this problem is providing interoperable 5G radio components utilizing Open Radio
Access Network (O-RAN).

An O-RAN is a “mobile network architecture that allows a Mobile Network Operator (MNO) to
use network components from different vendors.” [2].

Unfortunately, several issues (both technical and standard-wise) are preventing the attainment of
the O-RAN vision. Among them, some key issues include the lack of a skilled workforce to
conduct O-RAN testing and certification, different interpretations of how the standards should be
applied, and excessively long testing and certification times for new systems.

These technical and standards obstacles can be addressed and most likely alleviated by U.S.
policy changes. A very likely solution to the issue of interoperability and U.S. competitiveness is
continued funding by the U.S. government. Since the projects related to interoperability are
relatively new, all the inconsistencies in standards and incompatibility among multi-vendor radio
system components have not yet been discovered. They will only be discovered over time,
through extensive testing, and developing a skilled engineering workforce in this area.
Additionally, the establishment of O-RAN standards facilitates the rapid implementation of
innovation, a step that is essential in the American radio industry [2]. This leads to the following
policy recommendations that are presented in this paper.

RS

» Workforce development and increase O-RAN testing

«%

* O-RAN implementation standardization

R/
L X4

O-RAN testing and certification time standardization

e

A5

Establish and grow U.S. commercial market in O-RAN RU and DU components

e

A5

Standardize the separate RU and DU devices

Figure 1.1 illustrates the key points of this paper.



1. U.S. becomes global leader in 5G O-RAN
telecommunication industry

2. RU and DU components are standardized END GOAL
U.S. companies commercially produce
interoperable 5G radio stack components RESULT
1. Increase skilled workforce for O-RAN
testing SOLUTION
2. Incentivize vendors to apply identical Increase interoperability among 5G O-
implementation RAN radio system components
3. Standardize testing and certification provided by different vendors
1. Lack of skilled workforce to conduct O-
RAN testing . PROBL.E.M
2. Differences in implementation of < L?Ck of interoperability among 5G
standards by different vendors radio system components by different
3. Long testing and certification times Uil
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2.0 Introduction

As communications technologies advance over time, regulations and standards should also be
rectified to keep up with and support that advancement. A key example of this is the 5G radio
system, and its current implementation throughout the world. Until now, the radio systems
employed by mobile network operators were sold and used as closed systems, with no
expectation of different radio system component vendors being paired with each other. This
system worked in the past and still works to some extent. However, as more and more different
types of devices are incorporated in communication networks, the older systems create multiple
critical issues such as “Vendor Lock In,” decreasing United States competitiveness in the global
radio field, lack of new engineering expertise, and high risk in the instance of company failure.

These issues can be addressed and mitigated by pushing for a more open approach to
telecommunications networks where radio system vendors operate with each other in a
compatible environment. This push has already begun, but is still in its early stages, and
subjected to failure without the investment of sufficient resources.

This paper addresses the critical issues, how the 5G open approach is structured and is currently
being implemented, the very high-level technical limitations of the current open approach
implementations, and policy solutions that can overcome those limitations.

3.0 Technical Background and Context
3.1 Background of Cellular Network Technology

The cellular network technology, 3G (third-generation) was standardized under the International
Telecommunication Union (ITU)'s IMT-2000 framework and began commercial deployment
around 2000-2001 [3]. It was a step above the previous generation (2G), as it allowed mobile
internet access at practical speeds for the first time (these speeds being 2-3 Mbps). Because of
these improved speeds, previously impossible applications such as email, GPS, and video calls
became possible. However, it was still quite limited. Most notably, there was high latency (100-
500 ms), slow speeds, and network congestion, as smartphone usage became more common.

Commercial LTE deployments began around 2009-2010. These LTE deployments were later
recognized as meeting the 4G (fourth-generation) requirements by ITU [3]. It has many
improvements over 3G, such as faster data rates (up to 1 Gbps), lower latency (30-70 ms), and an
“All-IP architecture simplified network design” [4]. These improvements allowed users to have
HD video streaming, conferencing, and mixed reality applications. However, it was still limited
by its design suited for mobile broadband rather than industrial applications, and its struggle in
high density environments.

The first complete 5G (fifth-generation) standards were defined in 3GPP Release 15 and were
finalized between 2018 and 2019 [5] [6] [7]. This standard had speeds up to 10 Gbps, with
latency as low as 1 ms [5] [6]. These improvements were ideal for industrial applications,
especially its low latency, which is important for machine - machine communication (such as
autonomous driving). Unfortunately, these benefits came with a few downsides. These
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drawbacks included higher deployment costs, increased number of towers (millimeter-wave
frequencies travel less distance), complex network architectures, and more possible solutions to
the standard. That last issue is particularly important, as it led many equipment manufacturers to
have their own solutions, leading to incompatibility between vendors. Table 3.1 presents the key
features of 3G, 4G, and 5G.

Table 3.1: Comparison of 3G, 4G, and 5G

Generations Speed Latency Breakthrough Applications

3G 23 Mbps 100~500 ms Mobile 1nter1:i, Email, GPS,
HD video streaming,
4G 1 Gbps 30~70 ms
conferencing, etc.
Autonomous Driving, etc.
5G 10 Gbps ~1 ms
3.2 What is 5G?

Fifth Generation (5G) wireless technology is the latest generation of cellular communications
networks. Developed by the 3GPP, 5G was designed to provide significantly higher data rates,
lower latency, greater network capacity, and support for massive numbers of connected devices.
Unlike 4G, which primarily focused on mobile broadband, 5G also enables new applications
such as industrial automation, smart cities, autonomous vehicles, and the Internet of Things
(IoT). Figure 3.1 presents the various components of a 5G Open Ran Architecture. The various
components of this architecture are described below [8].
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Figure 3.1: Simplified 5G Open Ran Architecture

User Equipment (UE)

The User Equipment (UE) refers to devices that connect to the cellular network, such as
smartphones, tablets, sensors, and [oT devices. The UE communicates wirelessly with the Radio
Unit (RU) using standardized 5G radio protocols.

O-RU (Open Radio Unit)

The Open Radio Unit (O-RU) is responsible for transmitting and receiving radio signals over the
wireless interface. It contains radio-frequency (RF) hardware, antennas, amplifiers, and digital
front-end processing necessary to communicate with user equipment.

In traditional cellular networks, the radio functions were often tightly integrated with other base
station components. Open RAN aims to separate these functions, allowing equipment from
different vendors to interoperate through standardized interfaces.

O-DU (Open Distributed Unit)

The Open Distributed Unit (O-DU) performs real-time baseband processing tasks, including
scheduling, error correction, resource allocation, and portions of the physical layer processing.
Because these functions are latency-sensitive, the O-DU is typically deployed closer to the radio
equipment. Basically, The O-DU serves as an intermediary between the O-RU and the Central
Unit.
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O-CU (Open Central Unit)

The Open Central Unit (O-CU) handles higher-layer network functions (these include mobility
management, session management, and traffic routing). These functions are less latency-sensitive
and can therefore be centralized in regional data centers or cloud environments (Away from the
radio tower).

Separating the O-CU from the O-DU enables operators to scale network resources more
efficiently and manage multiple radio sites from a centralized location.

5G Core Network

The 5G Core (5GC) is the central intelligence of the network. It manages authentication,
security, subscriber information, policy enforcement, network slicing, and connectivity to
external networks such as the Internet.

The core network enables many of the advanced capabilities that distinguish 5G from previous
generations, including support for diverse services with different performance requirements.

3.3 5G General Limitations

The key limitations of 5G include short range, poor penetration, and dense infrastructure
requirements. These issues are briefly presented in this section.

Higher data rates require operating at higher frequency. 5G is able to achieve high data rates by
utilizing these high frequencies. As frequency increases, the range of transmission decreases [9].
This results in shorter operating range in 5G compared to its predecessors, 3G and 4G.

In addition to shorter range, higher frequency signals have more difficulty passing through
objects (known as penetration). This implies that 5G signals are easily blocked by walls,
windows, trees, vehicles, and even people, making indoor coverage and coverage with more
obstacles for 5G more difficult.

Finally, due to the shorter range and poor penetration capabilities, an increased number of radio
towers are needed to cover a given area compared to 3G and 4G. These radio towers may be
smaller compared to the conventional large towers commonly seen, but they still must be placed
and thus increasing the cost.

Another less talked about issue is power requirements. 5G requires more power for each base
station than previous generations [10]. These power requirements are caused by the need to send
higher frequency signals and having more complex antenna architectures. Combined with
requiring more base stations, cost for 5G network is substantially increased. Additionally, it is
currently not possible to achieve full 5G coverage due to the aforementioned price and other
factors [11]. Figure 3.2 presents the coverage versus capacity graph. Figure 3.3 presents the
typical maximum power consumption of 5G base station.
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3.4 5G Interoperability Limitations

Unlike its prior generations, 5G RU and DU network components can be provided as separate
units. In other words, these units can be sold and provided by different vendors. In such
scenarios, for example, two vendors, one providing the RU and the other vendor providing the
DU components, may not be compatible with each other. This is where the 5G interoperability
issue and limitation arise (as shown in Figure 4.1). In order to make multi-vendors compatible
with each other, each unit provided by separate vendors must be tested extensively by skilled
personnel, to identify problems, and find solutions. Currently there is no mandatory standard of
compatibility among different vendors and their provided RU and DU components.

4.0 Key Technical Gaps Leading to Limitations in 5G
Interoperability

At present, interoperability is standardized in the UE - RU communication (Figure 3.1). For
example, when a user is on a phone call, the phone can easily switch from one radio tower to
another without experiencing interruption. This is because all of the radio protocols are
standardized at this phase, with specifications put in place by the 3GPP.

Before the standardization of UE-RU, everyone must agree on key aspects, such as waveform
structure, timing, synchronization signals, and modulation. If the different radio vendors
implemented these differently, phones would only work on one network, and not on the others.
Therefore, operators, handset manufacturers, and infrastructure vendors all had a strong incentive
to standardize. The result is that the UE-to-network interface (Uu interface) is defined down to
an extraordinary level of detail.

It may seem that the same should be done with the RU-DU communication (Figure 3.1).
Unfortunately, there are a few key differences that make this harder to implement than one would
expect. For example, historically the Radio Unit and Baseband Unit were viewed as a single
product and sold as a pair (RU ‘A’ €<= DU ‘A’). Mobile Network Operators (MNO) would buy
the entire radio architecture from one vendor. Since there was no expectation of mixing vendors,
manufacturers optimized the interface internally, meaning that each manufacturer maintains a
different algorithm and process.

Another issue is that the RU-DU split is more sensitive than the UE-RU split. The RU-DU
interface must carry 1Q samples, beamforming information, synchronization data, and calibration
information. Essentially, these aspects directly affect the latency, throughput, and power
consumption. Since these are very important aspects of the radio interface, each vendor viewed
their approach to these implementations as intellectual property. If a manufacturer had a better
algorithm that does everything more efficiently than another manufacturer, then it would be
viewed as a competitive advantage, allowing them to increase their prices for their better
solution. As such, no manufacturer would share their solution, as it would essentially throw away
their advantage. Figure 4.1 presents the lack of interoperability between the RU and DU units
sold by different vendors.
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Due to the manufacturer’s reluctance to share their solutions, an open alternative had to be found.
As of the writing of this paper, some of the open solutions are the OpenAirInterface (OAI),
Open5Gs, OpenSGCore, and Amarisoft. These technologies have comparable performance to
each other [13]. Unfortunately, because these open solutions are relatively recent and less
established initiatives, the manufacturer’s internal solutions are still more effective. However, if
given more time, new engineers trained in this field are likely to create open solutions that can
compete with the manufacturer’s solutions, allowing for a truly open competitive environment.
So far, both the NTIA and NIST agree that the path forward may be one particular initiative, the
OCUDU project under the Linux foundation.

Additionally, as mentioned in the previous section 3.3, 5G currently cannot provide full
continuous coverage [11]. Because of this, having a full open and interoperable network is
currently not possible. Once 5G becomes available for broader coverage, open solutions will be

better utilized.
5G Core 9G Core
Network Network

Company A

User
Equipment

D User g Company A g Company B
Equipment RU O-RU

Typically sold as a single product O-RAN approach to allow different
by one vendor (current system) vendors to work together

Figure 4.1: Interoperability among vendors illustrated. Left: RU-DU units sold as a single
product by a single vendor. Right: RU-DU units sold as separate products by different vendors.

4.1 Technical Solutions to Overcome Limitations in 5G
Interoperability

As of right now, Vendor-to-Vendor Integration Agreements are the most common solution being
implemented. These agreements take place between multiple vendors and consist of them

agreeing to cooperate to have their devices work together. In most cases, the vendors use a
neutral third party to conduct testing and give feedback on what needs to be fixed.
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A key example of this is the Open-Accord project (ACCoRD), which involves service providers
and equipment manufacturers partnering with academic institutions for testing, as well as other
OTIC testing facilities found around the world.

Company A
O-CU

{

Company B
O-DU

7

g e

Figure 4.2: Current custom solution (Despite seeming simple, each certification takes time due to
the standards not being clear in certain cases)

4.2 Gaps in Technical Solutions to Overcome Limitations in 5G
Interoperability

As mentioned in the previous section, the many testing facilities run multiple test lines for
various large radio manufacturers (such as Ericsson, Fujitsu, Nokia, and Samsung). When
discussing current issues with members of these labs worldwide, the most pressing issue is that
each test line takes months to complete. This is caused by each manufacturer having their own
interpretation of the standards, leading to different solutions being implemented. These solutions
then need to be customized to work with each other, leading to long certification times. Figure
4.2 illustrates such a scenario.

Unfortunately, due to the nature of development, there is no quick solution to the long
certification times. Given how new the standards are, there are many ambiguities and goals that
can be interpreted in different ways, meaning that two manufactures could both be correct in
their own implementations. When this occurs, the testers must reach out to the writers of the
standard, who then need to decide on how to proceed. Once that is done, the testers and
manufacturers are informed. This is followed by the manufacturers reworking their solution to
the newly clarified standard.
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The National Telecommunications and Information Administration (NTIA) emphasized that the
“industry dynamic increases costs, slows innovation, and reduces competition. Security issues
are often difficult to detect and fix [14]. In order to resolve these concerns, they state that “in
collaboration with the Department of Defense Office of the Under Secretary of Defense for
Research and Engineering (OUSD(R&E)) is carrying out the SG Challenge to accelerate the
adoption of: open interfaces, interoperable subsystems, and modular, multi-vendor solutions”
[14]. In other words, open interface testing may be the solution to many industry concerns, and
should be accelerated. The National Institute of Standards and Technology (NIST) similarly
states that the current largest issue in the 5G industry is interoperability, which is currently
suffering from testing delays and increased costs [15].

5.0 Key Policy Gaps in Addressing the Technical Solution Gaps

Currently, the U.S. government heavily funds Open RAN development and deployment, but
provides comparatively less emphasis on large-scale interoperability validation, and the
workforce development needed to ensure that Open RAN solutions can achieve the same
operational maturity as proprietary vendor-integrated systems. Listed below are several
initiatives that aim to help with interoperability, but may be lacking in certain aspects.

NTIA Public Wireless Supply Chain Innovation Fund

The NTIA Innovation Fund was created to support Open RAN development, Open interfaces,
multi-vendor interoperability, and wireless supply chain diversification. The policy goal is to
reduce dependence on vertically integrated vendors and promote interoperable networks. NIST
notes that this government effort is intended to accelerate adoption of "open, interoperable, and
standards-based networks" [16]. The program funds interoperability research, testing facilities,
Open RAN development, and certification efforts. Unfortunately, the fund encourages
interoperability but does not require all vendors to implement interfaces identically. This leads to
the issue mentioned previously.

NTIA 5G Challenge Program

The NTIA 5G Challenge was created to promote plug-and-play networking, open interfaces, and
multi-vendor integration. It directly addresses the interoperability problem by encouraging
vendors to integrate systems that have not previously worked together [17]. Unfortunately,
Participation is voluntary, and the challenge demonstrates interoperability but does not create a
regulatory requirement that future products must interoperate with all compliant equipment.
Current public policy focuses on demonstrating interoperability rather than requiring it.

Additionally, the NTIA is running the “Public Wireless Supply Chain Innovation Fund” (as
mentioned previously). This initiative acknowledges that the 5G equipment market is dominated
by a small number of equipment manufacturers (almost all of which are non-US based). They
note that the small number of equipment manufacturers leads to higher prices, and weakens
supply chains for mobile network operators. The Project has allocated $1.5B to promote O-RAN,
as it can reduce dependencies on end-to-end systems [18]. This shows that the government
knows that there are solutions to these issues, and that they are worth investing in. However,
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despite knowing that, not much effort has been put into workforce development, or into
pressuring more companies to become compliant with the standards.

NIST Open RAN Interoperability Program

NIST has an active research program focused specifically on Open RAN interoperability which
identifies the primary Open RAN challenge as integrating systems from multiple vendors [19].
The agency is currently developing interoperability metrics, testing methodologies, certification
approaches, and reduced test suites. NIST states that “Verifying the interoperability of Open
RAN systems poses a significant challenge for manufacturers and operators.” [20]

O-RAN Alliance Standards

The O-RAN Alliance is not a government agency but is arguably the most important standards
body for RU-DU interoperability. O-RAN develops Open Front haul specifications, E2
interfaces, A1 interfaces, and management interfaces [21]. Unfortunately, the standards define
interfaces but cannot ensure vendors implement them identically. NIST specifically notes that
interoperability remains one of the most significant challenges facing Open RAN despite existing
standards. The only way to improve these standards is for continued testing, which is expanded
upon in the next section.

In addition to some initiatives having some underlying issues, there is not much incentive for
original equipment manufacturers (OEM) to certify their radios to the open standard. This is for
multiple reasons. The first is that it costs money, and many network operators are not ready to
ONLY buy Open radios. While Open radio solutions benefit operators, they also come with a
risk. On one hand, Open radio units help prevent vendor lock-in (Once an operator buys a piece
of equipment from a certain OEM, they must keep purchasing from them). However, this lock in
also means that OEMs will handle repair issues when they are detected. This is not the case for
open radio systems.

If there are three companies in the Radio system (CU, DU, and RU), and an issue occurs, none of
the companies will admit fault, leading to none of the companies repairing the issue. So as of
right now, it is safer to continue buying everything from one vendor. This means that OEMs do
not have much incentive to certify themselves as open as mentioned previously.

6.0 Policy Recommendations to Overcome Limitations in 5G
Interoperability

The U.S. government had to step in to provide a starting point for the initiative in order to
address the key policy gaps. With federal funding, mobile network operators were more willing
to put pressure on OEMs to become open. This led to the initial testing phase, during which the
issue of unclear standards became apparent. The only way to make standards clearer is to
continue testing and addressing each issue as it occurs. Over time, the standards will naturally
become clearer, and testing will become exponentially faster. This requires the U.S. government
to continue funding the initiative. If funding is stopped, then the testing cycle cannot continue,
and the unclear standards will not be fixed through testing, leading to the initiative failing. This
gap can be addressed with the first policy recommendation.
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Workforce development and increase O-RAN testing

Increase investments in workforce development to rapidly train more engineers and technicians
to ensure increased testing to identify and fix incompatibility issues, and achieve interoperability
among units from various vendors.

Also, include more academic institutions in this process. This will serve the role of workforce
development. By using more academic institutions for testing, more students will graduate
knowing how 5G works. Due to the differences between 5G and previous generations (such as
5G being more cloud-based compared to 4G), new engineers who know how it works are
needed. These new engineers will help develop the open algorithms, which will likely lead to
more US-based companies building competitive radios. Despite slowing testing during the initial
phases, workforce development has been proven to work in engineering fields. It is known to
lead to better innovation [22] and higher productivity [23].

Additionally, various studies by the National Bureau of Economic Research (NBER) and U.S.
National Science Foundation (NSF) have shown that having more trained engineers leads to
higher productivity and technological competitiveness on a global scale [24] [25].

The responsible agencies who are likely to contribute to workforce development could be from
both government and private domains. These entities may include research foundations such as
government driven NSF for academia [26], industry driven NTIA for industry, government
driven DOL [27], etc.

After new engineers are trained, better open standards are likely to be produced. This will likely
allow more incentive for mobile network operators to use the open radio solutions as opposed to
only single vendor solutions.

The differences in implementation of the same standard by various vendors can be addressed by
the next policy, which is,

O-RAN implementation standardization by incentivizing individual vendors to apply identical
implementation of standardized interfaces.

One of the examples of the responsible agencies who can make this feasible is NTIA, who
awards grants to companies and initiatives that reach interoperability milestones. Another

example could be tax breaks provided to the respective participants by the Internal Revenue
Service (IRS).

The previous two policy recommendations naturally lead to the following policy implementation.
Because of more similarly implemented standards and more availability of engineers for testing,
most of the interoperability certification cases are likely to be less varying in comparison to each
other. This would lead to

O-RAN testing and certification time standardization, shortening and standardizing the
timeline for testing and interoperability certification.
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Additionally, the trained engineers will likely work for American radio companies, allowing the
United States to become competitive and a global leader in the 5G telecommunication field. This
leads to the next two policy recommendations.

Establish and grow U.S. commercial market in O-RAN RU and DU components, motivate
and encourage U.S. commercial market growth in O-RAN RU and DU devices, both nationally
and globally.

One of the key responsible agencies contributing to the fulfillment of this policy could be the
DOC [28], which awards grants to infrastructure investment and export development
(partnerships with less developed nations to adopt U.S. manufactured O-RAN equipment).

Finally, it is important to note that the standards cannot simply be made clearer and implemented
overnight. The only way the standards can become clearer is through a long testing and
certification phase, at least in the initial phases. New issues will be found, discussed with the O-
RAN alliance, and then resolved. As these issues are solved, testing in the future will become
much faster. This leads to the final policy recommendation.

Standardize the separate RU and DU devices: Vendors standardize RU devices to be
compatible with all DU devices manufactured by different vendors. Similarly, vendors
standardize DU devices to be compatible with all RU devices manufactured by different vendors.
This would lead to all O-RAN radio units of any vendor to be interoperable with other O-RAN
radio units of other vendors eliminating any need for custom solutions.

This is similar to policy recommendation number three but to a more complete degree.

Table 6.1 presents the five policy recommendations.
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Table 6.1: Recommended Policies

Policy

Description

Workforce development and increase O-

Invest in workforce development and O-
RAN testing to rapidly train more
engineers and technicians to test, identify

devices.

1. RAN testing and fix incompatibility issues, and
achieve interoperability among units
from various vendors.
Incentivize individual vendors to apply
2. O-RAN implementation standardization | identical implementation of standardized
interfaces.
3 O-RAN testing and certification time Shorten and standardize the timeline for
) standardization testing and interoperability certification.
Establish and grow U.S. commercial | Motivate and encourage U.S. commercial
4. market in O-RAN RU and DU market growth in O-RAN RU and DU
components devices, both nationally and globally.
Vendors standardize RU devices to be
compatible with all DU devices
. manufactured by different vendors.
S. Standardize the separate RU and DU Similarly, VendZ)]rs standardize DU

devices to be compatible with all RU
devices manufactured by different
vendors.

6.1 Recommended Policy Impacts in SG Interoperability

A 2025 Dell'Oro Group market research shows the top seven worldwide telecom equipment

revenue shared by various companies (vendors) around the world (Figure 6.1). The U.S. based
companies (Cisco and Ciena) rank at only 5™ and 6™ in the global market. Another research
shows that the latest wireless communication generation 5G infrastructure market is on a
growing trajectory, for both hardware and services areas (Figure 6.2). Therefore, there is a great
opportunity for U.S. based telecom industry to capture this market.

To capture the lion share of the 5G market,

US based skilled workforce development is one of the necessary steps.

Along with workforce development, vendors need to be incentivized to apply identical

implementation of standardized interfaces.

The workforce can then in turn, expedite the testing process of compatibility of different
radio components provided by various vendors, and shorten the timeline for the multi-

vendor testing and certification process.
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Revenue Share in %

e This is likely to allow the growth of the U.S. 5G market and revenue.
e Ultimately, U.S. can boast the standardization of the 5G multi-vendor compatibility.

Worldwide Telecom Equipment Revenue Share* (Top7)  Telecom Equipment Revenue Share Summary 1H25

Huawei Rank# ~ Huawei:31%  Huawei:21%  Huawei: 40%
| Rank #2 Nokia: 13% Nokia: 17% ZTE: 14%
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- —— Nokia Rank #4 ZTE: 10% Cisco:6%  Ericsson: 9%
776 Rank#  Cisco:4%  Ciena:5%  Cisco:3%
\(ﬁa:o_; Rank #6 Ciena: 4% ZTE: 4% Ciena: 2%

0% - Samsung 7 : ,
2022 2023 2024 1H25

*Equipment includes: Broadband Access, Microwave & Optical Transport, Mobile Core Network & RAN, SP Router & Switch DELORO
©2025 DelfOro Group. All Rights Reserved. Croup

Rank #7 Samsung:2%  Samsung: 3%  Fiberhome: 1%

Figure 6.1 Worldwide Telecom Equipment Revenue Share [29]
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Figure 6.2: Projected market size for 5G infrastructure (Hardware and Services) [30]
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With the policy recommendation implemented, the U.S. can seize a major share of the 5G Global
market. It will not be a question of “if the various 5G radio units provided by various vendors are
interoperable or not” but it will be “which one to choose from” since they will all be compatible
with each other (Figure 6.3).

aliarlen TRM Rakuten W
SYSTEMS INTEGRATORS cisco b ! 1
FUJITSU NEC Mahindra
Which
vendors should I
vRAN SOFTWARE ALTIOSTAR "AVEN'R
o RU HARDWARE AND FUJiTsU @ BER
e SOFTWARE SUPPLIERS - f| ex KMW NEC
¢ CUAND DU quthnclurd & UPERMICR®
HARDWARE SUPPLIERS Enterprise ©® xomtrom  °€7
SECURE VIRTUALIZATION [JESSSES 'c','s,':'é 'ROBIN FEREESI
PLATFORM SUPPLIERS &®eq NEC WIND RIVER
CHIPSET SUPPLIERS intel) <A Qualcoamva .
nVIDIA ST XILINX

Open RAN Ecosystem

Figure 6.3: Examples of multi-vendor radio system components of Open RAN systems

With policy recommendation implemented, different vendors with their different radio
components would effortlessly work together. The interoperability issue will be no more. Instead,
there will exist multiple alternate choices for customers to choose from and vendors to work
with.

7.0 Conclusion

Overall, the O-RAN initiative is showing promise in many areas. However, there are still issues
present that cannot be ignored. If left alone, these issues could prevent the O-RAN standard from
becoming commonplace, leading to continued “Vendor Lock In,” fewer trained engineers with
necessary expertise, and leaving the United States as non-competitive in the 5G global
commercial telecommunications radio market. The policy recommendations proposed in this
paper aim to resolve the key contributors of current issues, along with trying to prevent future
issues from occurring.
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