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Abstract—Open RAN technology has tremendous potential
to spur innovation, increase competition and flexibility, and
reduce the cost of cellular systems. Today, the interoperability
of the Open RAN ecosystem is one of the most significant
challenges facing this technology. It is potentially keeping it from
being accepted by cellular providers and businesses. This paper
intends to redefine Open RAN interoperability scientifically and
comprehensively. The foundations of this new definition are laid
out here. This new definition of interoperability aims to help
consolidate the numerous definitions that exist today and lay the
groundwork for new measurement methods that can be used
to quantify the interoperability of hardware and software. We
leverage pieces of definitions from existing Open RAN sources
and then expand the definition to promote large-scale testing. The
current definition of interoperability using Plugfest may be a first
step, but it is not enough to widely accept Open RAN devices in
the cellular community. The definition presented here will reduce
the misunderstanding among Open RAN commercial entities,
standards bodies, and researchers and provide a foundation for
new measurement methods.

I. INTRODUCTION

Open Radio Access Network (Open RAN) is a new network
architecture in the cellular network that enables multi-vendor
deployment of radio access network (RAN) components, al-
lowing operators to mix and match products from different
manufacturers. The Open RAN concept has multiple goals:
reduce the cost of deploying mobile networks, improve the
flexibility of the network, promote innovation, and leverage
new artificial intelligence (AI) and machine learning methods
within the RAN. Mobile network operators (MNOs) and
other customers of the cellular systems see the opportunity
to use the Open RAN technology to increase their network’s
flexibility with new features and optimization [1]. At the
same time, there are additional possibilities for innovation in
the cellular industry. An example would be the innovation
zones designated by the United States Federal Communication
Commission [2].

Although the multi-vendor ecosystem is one of Open RAN’s
advantages, it is also one of its disadvantages. Multi-vendor
architecture creates interoperability, complexity, and manage-
ment challenges compared to legacy RAN architectures pro-
vided by a single vendor offering a unified support structure. In
contrast, Open RAN integrates components from multiple ven-
dors, leading to a more heterogeneous network environment.
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The success of this fledgling architecture is heavily predicated
on the ability of network components to be interoperable [3]].

This increased complexity can pose system interoperability,
deployment, troubleshooting, and ongoing maintenance chal-
lenges. MNOs may need to invest more resources in managing
and coordinating diverse components, potentially resulting in
higher operational costs. The need for interoperability testing
and resolving compatibility issues between different vendors’
equipment can also introduce delays in deployment and up-
grades to the Open RAN system [4] [5].

To ensure interoperability in Open RAN networks, indus-
try organizations like the O-RAN Alliance, 3rd Generation
Partnership Project (3GPP), Open Network Foundation (ONF),
and Telecom Infra Project (TIP) have defined open interfaces
and common standards with the goal of enabling different
vendors’ equipment to work together while also ensuring
performance. These interfaces and protocols enable operators
to deploy Open RAN networks using equipment from multiple
vendors [6]]. While the established definitions of interoperabil-
ity facilitate conceptual discussions and the development of
new components, additional work is necessary to add rigor,
which can then lead to new means of scientifically quantifying
interoperability.

This paper discusses the definitions of interoperability from
different organizations and their advantages and disadvantages.
We then introduce a new definition of Open RAN interoper-
ability based on key performance metrics and examine the
level of interoperability between different components and
systems within an Open RAN network by varying parameters
within the system to measure Open RAN interoperability
scientifically. This new definition lays the foundation for
defining interoperability in a way that promotes large-scale,
independent testing of hardware and software.

II. OPEN RAN SYSTEM

The Open RAN network is a new telecommunication archi-
tecture aiming to decouple the RAN’s hardware and software
components. This enables each component to be supplied by
a different vendor.

In Open RAN, the base station is essentially a disaggregated
legacy RAN base station combined with RAN network slicing
similar to the 5G core (SGC) for customizing the base station
function. This difference is illustrated in Fig.



Fig. 1: A comparison between legacy and Open RAN topologies.

The new Open RAN base station design is disaggregated
into three parts: central unit (CU/O-CU), distributed unit
(DU/O-DU), radio unit (RU/O-RU), and a new node added
called a RAN intelligent controller (RIC). The RIC’s function
is to enhance the allocation of RF resources in real and non-
real-time using Al These four parts are shown in Fig. [I] The
legacy base station protocol layers are divided among the DU,
CU, and RU: The CU is responsible for non-real-time layer
2 (L2) functions. The DU is responsible for the real-time
physical layer (L1). The RU is responsible for transmitting
and receiving data and generating the RF signal. Finally, RIC
is responsible for reconfiguring the system dynamically to
optimize performance [7].

Exactly how interoperability is defined between the compo-
nents of the Open-RAN system will be discussed in detail in
the remainder of this paper.

III. OPEN RAN INTEROPERABILITY

To promote the large-scale development of Open-RAN, a
scientifically rigorous definition of interoperability that enables
vendors to test their own products is needed. Currently, there
are multiple definitions. No single definition satisfies the need
for a commercial Open RAN deployment. In addition, the
Open RAN stakeholders may have different perspectives on
what Open RAN interoperability means and how it should be
achieved based on their involvement and view in the Open
RAN technology.

Several organizations have defined interoperability based on
their role and view in the Open RAN community. The O-RAN
Alliance refers to Open RAN interoperability as the ability of
different RAN elements from other vendors to work together
seamlessly and standardized [_8]. The functional aspect of Open
RAN is an important aspect of interoperability but does not
fully guarantee the operation of equipment in the field.

The Telecommunications Industry Association (TIA) de-
fines Open RAN interoperability as the ability to adapt to
global policies. This definition is a high level and may be an
excellent first step. Still, it needs additional tests to verify all
system components work together in all conditions and meet
the performances acceptable by MNOs [9]].

The European Telecommunications Standards Institute
(ETSI) defines Open RAN interoperability as the ability of
RAN components from different vendors to communicate
and operate together, conforming to specified interfaces and
meeting performance requirements [10]. Conforming to the
standard is the first aspect of interoperability. At a deeper level,
interoperability expands beyond basic compliance testing.

The Small Cell Forum defines Open RAN interoperability
as the ability of RAN components from different vendors to
operate together seamlessly and without service interruption
[L1]. This definition isn’t clear on what service interruption is
or how it can be quantified.

The definition of interoperability differs in TIP than in other
organizations because TIP is responsible for defining and de-
signing interoperability test cases for validating and “badging”
the open RAN software and hardware manufacturers. Badges
are given to entire end-to-end systems or groups of devices that
show interoperability with each other, not to the other vendors
[12]. This solution provides some confidence for NMOs, but
given the number of different combinations of vendors and
components, it isn’t practical to test and badge every one of
them. This effectively limits NMOs’ choices, contrary to one
of Open RAN’s key goals.

3GPP refers to Open RAN interoperability as the ability of
different RAN components to “interwork” through a standard-
ized interface without requiring any proprietary interfaces or
protocols [13]]. The openness of the Open RAN components
is a required specification, but it is insufficient to certify the
equipment used in an Open RAN system.

Finally, the Global System for Mobile Communications
(GSMA) industry association defines Open RAN interoper-
ability as the ability of different RAN elements to work
together seamlessly, regardless of the vendor or technology
used [[14]).

All of these definitions have aspects of Open RAN interop-
erability that do not include transpiring nuances and statistical
analysis required to rigorously understand the system’s inter-
operability in different use cases and environmental conditions.
As technology and industry evolve and new features are added,
an additional definition is needed to help Open-RAN vendors
verify their products against that and the users of the Open-
RAN system to trust and satisfy the defines and procedure
enough to use the comment in their commercial approach.

Before presenting our definition of interoperability in Sec-
tion IV, let’s look at the types of interoperability many entities
refer to, sometimes unknowingly or implicitly.

A. Types of Interoperability

Taking a step back from the technical definitions we exam-
ined above, let us consider interoperability from a conceptual
perspective. In any technical field, interoperability refers to
the ability of systems, hardware, or software to communicate
and exchange information effectively. Three main types may
fit into this interoperability definition: syntactic, structural, and
semantic.



Syntactic interoperability refers to the ability of two or more
system components to exchange data or information using the
same syntax or message format. The data must be structured
consistently, using the same data format, protocol, or message
structure. Syntactic interoperability is essential for systems to
understand and process data correctly with the same format.
Examples of syntactic interoperability include using the same
protocol format for data exchange [15]].

Structural interoperability refers to the ability of two or
more system components to exchange data or information with
the same meaning but different structures or representations.
The data must be mapped or translated from one format to
another to preserve the message. Structural interoperability is
commonly used when we use different data models. Examples
of structural interoperability would be within a node to trans-
late the message to other layers of save the information in a
separate database [15]].

Semantic interoperability refers to the ability of nodes to
exchange data or information with the same meaning and
interpretation. It means that different systems must understand
and interpret the data similarly. Semantic interoperability is
essential for systems to exchange and use data effectively.
Semantic interoperability includes standard vocabularies used
within the system. For example, the signal-to-noise ratio
(SNR) should have the same meaning in different entities [|15].

We need to know when the interoperability mentions which
type we are referencing. Sometimes, we may care about
one aspect of interoperability; sometimes, we may mean all
three types of interoperability. A truly interoperable system
component should have all three interoperability components
with the flexibility to innovate better software or hardware to
perform their tasks.

Also, before defining true interoperability, we need to es-
tablish the definitions of some common vocabulary that could
be used as a part of interoperability but are not. Some of
their elements may overlap, but ultimately, they define another
purpose. We must distinguish between Interoperability, Opti-
mization, and Compliance, although an interoperable system
has some aspects of optimized and compatible [16].

B. Interoperability, Optimization, and Compliance

In general, interoperability refers to the ability of the
software and hardware of a system to work together seam-
lessly and efficiently, regardless of their manufacturing design
and architecture. Strictly speaking, interoperability does not
address other technical system aspects, including reliability,
compatibility, adaptability, maintainability, or upgradability. A
definition of interoperability may have elements of one or more
of those concepts. However, even a rigorous definition and
measurement method of interoperability should not replace a
separate definition and analysis of the ability of a system to
be maintained, upgraded, or adapted.

The concept and definition of interoperability also overlaps
with the concepts of optimization and compliance. The rela-
tionship between interoperability and these two concepts is
worth exploring in depth.

Optimization refers to improving system performance to
make it more efficient or effective. This involves identifying
the current state, defining a desired state, and finding ways to
bridge the gap between the two by adjusting the hardware or
tweaking the system parameters. In the context of an Open
RAN system, optimization can refer to improving a system’s
or software’s performance by making it have better use of the
resources for a more tailored system for its use case, more
stable, or less resource-intensive.

On the other hand, compliance refers to a set of rules or
regulations. In the context of Open RAN, compliance often
refers to meeting the O-RAN standards while meeting the
desired key performance indicators (KPIs) [8].

Optimization, interoperability, and compliance are all im-
portant concepts that play different roles in the Open RAN
system verification and should not be confused with each other
while keeping in mind that, in some areas, they will overlap.

C. Interoperability in Practice: Plugfests

Having analyzed interoperability and similar terms concep-
tually and in the context of how Open RAN organizations
currently define them, we turn our focus to interoperability
in practice, specifically plugfests. How interoperability is
currently measured and assessed in the Open-RAN community
can illustrate challenges resulting from multiple and imprecise
definitions.

Open RAN Plugfests are organized by a group of tech-
nology companies, telecommunications operators, and other
organizations that advocate for developing and adopting open
and interoperable Open RAN solutions, for example, the O-
RAN alliance, TIP, or open networking foundation (ONF). The
Plugfest is an opportunity for companies to quickly test and
demonstrate the interoperability of their Open RAN solutions
with other vendors’ products, which helps to ensure that these
solutions are compatible and can work together seamlessly
in an Open RAN ecosystem. At an Open RAN Plugfest,
companies can test various scenarios, including interoper-
ability between vendors’ hardware and software components,
different Open RAN interfaces inter- and intra-RAN, and
between Open RAN solutions and sometimes with the exist-
ing telecommunications networks. The event also provides a
forum for companies to collaborate on developing new Open
RAN features and specifications and share best practices for
deploying and operating Open RAN networks [[17]]. Overall,
the Open RAN Plugfest is essential in advancing the adoption
of open and interoperable RAN solutions. However, in the long
run, it hinders the scalability of coverage for all the various
cases, scenarios, and vendors [18]].

IV. RADIO UNIT INTEROPERABILITY

Focusing on the interoperability of the O-RU, we define
its interoperability in the context of the larger Open-RAN
ecosystem. After initial compatibility verification of the O-
RU with the O-DU/L1, we examine the system parameters
that affect the performance of the O-RU.



In this analysis, the O-RU is considered to be a black box.
Once it has been confirmed that it is compatible with the O-
DU/L1 and there is no issue with the fiber delay during the
initial setup, the O-RU’s performance can be managed through
O-DU/LL1 configurations, within its hardware limitation.

The process of creating a scientifically rigorous and quan-
tifiable definition of O-RU has the following high-level steps:

1) Identify Key Performance Indicator(s) (KPI(s)) impor-
tant for the application.

2) Consider all of the different system and environmental
parameters that might impact the KPI(s) identified in the
first step.

3) Design and execute a statistical factor screening experi-
ment to determine which of the parameters in step two
actually have an impact on the KPI(s).

4) With the subset of factors known to have an impact,
design an efficient and practical test that can be used to
quickly gauge interoperability.

For the analysis presented here, we focus on uplink and
downlink throughput as our primary key performance indi-
cators (KPIs). However the same analysis process could be
repeated for other KPIs of interest (e.g., latency).

Step three - the factor screening experiment - is a necessary
step because it helps identify factors that can be safely
excluded from testing. This significantly reduces the size and
scope of the final test method described in step four.

Overall, the process shown above should be generalizable
to many (if not all) Open-RAN systems. That is, once the
test is established in step four, it should be suitable for
standardization and use across many platforms. The process
above does not address the need for setting a threshold
of acceptable performance to be considered “interoperable.”
Setting this threshold is outside the scope of this work, and is
best addressed by the community.

A. Factor Selection and Screening

The process for this analysis follows a typical statistical fac-
tor screening experiment [[19]]. A factor screening experiment
similar in design to this one was performed in [20] as part
of an analysis on understanding the factors that influence the
uplink power radiated from LTE user equipment.

Table. [I] shows the list of factors that could conceivably
have an impact on throughput based on previous experiments
[20] and 5G new radio (NR) throughput models. The selected
factors are configurable and available with a common COTS
Open-RAN system.

Several parameters can affect the performance of the O-
RU with a handset, RF interface, or with an O-DU/L1 , fiber
evolved Common Public Radio Interface (eCPRI) interface, for
determining the interoperability of O-RU within the system.
These parameters are the delay and timing between O-RU and
O-DU/LL1, the parameters that affect the RF condition, such as
power control parameters, environmental factors, such as the
type of traffic, the number of devices (site loading), and finally
the hardware factor, i.e., CPU utilization, is considered. In the

TABLE I: List of Factor Screening Parameters

Factor Values

Factor Index Factor Name Low Value | High Value

A Distance - Path loss (PL) 20 meters 500 meters

B Downlink Traffic Short Burst | Long Burst

C Uplink Traffic Short Burst | Long Burst

D Timing Tx Windows 143 us 357 us

E Timing Rx Windows 0 us 214 us

F Channel BW 20 MHz 100 MHz

G PUSCH pONominal -94 dBm -70 dBm

H PUSCH Alpha 0.6 1

I Downlink/Uplink slot ratio 1/3 3/1

G Downlink QAM 64 256

K Uplink QAM 64 256

L Downlink MCS 0 31

M Uplink MCS 0 28

N Number of UEs 1 10

(6] DU CPU utilization 50% 100%

next section, we see the effect of one set of these parameters
on the downlink and uplink throughput of the system.

The design of experiments (DOE) involves varying the fac-
tors simultaneously to observe their individual and interactive
effects on the response variable. Setting values for factors
(high/low) is a crucial step in designing an experiment. The
high and low levels should represent practical and meaningful
extremes of the factor to understand the impact - if any - each
of these factors has on the system throughput. We selected
the low and high values of each factor based on their available
values in a common COTS Open-RAN system, as long as they
didn’t impair the performance of the system as seen in Table.

m

B. A sample of data

In this section, we selected the common default parameters
that are used in an Open RAN system as a sample to highlight
the data required from a system to determine the interoperabil-
ity of an O-RU in an Open RAN ecosystem. Fig[2] shows the
downlink and uplink KPIs in the application and PDCP layers
of an Open RAN 5G system. In this illustration. We collected
this log from a real COTS Open RAN system with 100 MHz
BW in the CBRS 3.5GHz band in the near-RF condition.
As seen in Fig. 2 the throughput is normally adjusted for
the downlink and uplink throughputs in both application and
PDCP layers based on the bit error rate (BLER).

Fig[3] shows the latency and BLock Error Rate (BLER) of
the same Open RAN system. The BLER stays zero through
the test therefore no traffic adjustment were needed and the
system stay stable. As seen in Fig[3] the delay was adjusted
to a low value after its initial high value.

C. Impact of the RIC on Interoperability measurement

one of the significant advantages of the Open RAN is its new
node, RIC, seen in Figld] in detail. RIC brings intelligence to
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Fig. 3: shows the delay and BLock Error RATE of our Open RAN system.

the Open RAN ecosystem. RIC provides a centralized and pro-
grammable interface to the RAN, enabling network operators
to manage and automate network functions more efficiently
and effectively. RIC can be developed with the general-purpose
server and the host applications called xApp and rApp [21]].
These two applications can tailor the operation of RAN based
on the desired use case see Fig. i} The data collected from
RIC can also help to measure the interoperability of the system
under test. It is possible to utilize the data gathered from
the RIC to assess the system’s interoperability faster even
during normal operation in the field. The scope of adding
RIC interoperability verification is beyond the scope of this
paper and will be incorporated into our future Open RAN
interoperability research.

V. DISCUSSION AND FUTURE WORK

Our proposed definition for Open RAN interoperability has
some or all of the existing definitions without impeding the
optimization, system cost, maintainability, stability, and secu-
rity. Testing and reviewing these elements in various contexts
and setups outside the scope of interoperability verification

Open APIs defined by O-RAN alliance
Al interface
Open APIs defined by O-RAN alliance
RAN Control RAN Optimization

xApps

Open APIs defined by O-RAN alliance

E2 |nterfa|:e I E2 interface

nuﬂ"

Central Unit (CU) Distributed Unit (DU)

Fig. 4: RIC topology.

are essential. In upcoming work we will execute the factor
screening experiment outlined in Section IV utilizing data
from L1, L2, and L3 layers of different Open RAN nodes.
After performing the factor screening experiment, we can
review the impact of critical configuration factors affecting
the system performance and finding the weight of each factor.
With the weight of each factor determined, we can design
a measurement method that quantify the interoperability of
arbitrary O-RUs. This final test method will not be in the form
of a factor screening test, as that only needs to be completed
once for each set of KPIs. Rather the final test method will
be similar to other standardized test methods.

This method has two advantages: it should be applicable
across hardware and software vendors, and it is measurable
and rigorous while utilizing a limited number of test cases.
This approach to interoperability is not limited to the O-
RU. The same process can be applied to the interoperability
between the O-DU and O-CU.

VI. CONCLUSION

Interoperability is a crucial requirement of Open RAN,
as it enables various components to communicate and work
together effectively. Although the existing definition of the
Open RAN, in addition to Plugfests have elements of in-
teroperability verification, a comprehensive and measurable
interoperability definition needs to measure interoperability
scientifically and efficiently with a high degree of confidence.
In this paper, we define interoperability testing as a minimum
test suite in which the Open RAN system’s elements and
applications are tested in a controlled laboratory environment
where actual commercial environment equipment with limited
test suites are used to ensure that clarity of standards has been
established and to detect potential discrepancies in addition to
meeting KPIs. The factors in interoperability testing include
the parameters available in each system element. The standard
Open RAN interoperability testing methodology should follow
a plan, do, check, and analysis cycles: Plan: determine the



functionality, behavior, input, and output for all components of
the system from a pilot study and their definitions; Do: execute
selected test cases based on factors selected from engineering
judgment; Check results for consistency between each runs:
revisit test results for system stability by verifying different
RF indicators from independent sources; Analysis: Identify
each parameter’s estimated weight using static analysis or Al
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