Is Open RAN the
silver-bullet for the
wireless industry?

This white paper is intended for Network Equipment
Providers, Mobile Network Operators or System
Integrators that want a further understanding on
how Open RAN can be expected to impact the
industry in the years to come. It outlines some of
the challenges and complexity that needs to be
addressed by anyone that wants to build products
based on Open RAN specifications.
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Abstract
There is never any silver bullet – it always comes at a
cost! This paper outlines the most important aspects
in assessing the potential value of Open RAN (Open
Radio Access Network, O-RAN). Having created a lot
of media lately as a disruptive and game-changing
technology, there is a need for a more thorough
assessment.
The term Open RAN is used with at least two
meanings, one that is related to a new eco-system of
vendors to challenge the incumbents, and the other
that refer to technical specifications outlined by the
Open RAN alliance. Furthermore, added confusion is
brought by mixing Open RAN and virtual RAN which
are different but related concepts.
A key claim by new Open RAN vendors is that it
reduces costs for mobile network operators, but
that claim is still to be tested under comparable
circumstances. This paper tries to further outline the
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factors impacting mobile operator costs (and potential
new revenues) and how it relates to the underlying
technology.
Tietoevry is engaged in many R&D projects across both
purpose-built traditional RAN as well as emerging RAN
systems based on virtualization and open standards.
We are thereby well positioned to compare and outline
the challenges in building a cost-effective RAN.
Most Base stations in real networks run at loads that
vary substantially over time, as well as surprisingly
few of them utilize the available spectrum fully. This
opens an opportunity for the pooling of resources and
corresponding savings in energy consumption. Likely,
the opportunity to share infrastructure with emerging
edge applications for AI, VR is important and could
compensate for a less efficient RAN execution, thus
driving the need for RAN virtualization.

Wireless industry situation
and challenges
The wireless industry has witnessed unprecedented growth and societal impact over the last decades, largely
in synergy with the growth of The Internet. Connectivity has never been more important than today and will
continue to become even more important.

Since 2015, 1 billion people have gained access to the internet through a mobile phone – many
for the first time. By the end of 2019, almost half the world’s population was using mobile internet.
Despite this growth, 51% of the population is still not using mobile internet, either because of a lack
of mobile broadband coverage or key barriers such as a lack of awareness, affordability, or a lack of
literacy and digital skills.
GSMA: The state of mobile internet connectivity 2020
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Figure 1: Mobile Internet situation

So, whilst there is still substantial growth and a staggering number of people connected, half the globe is not online. Moving into the next decade mobile network operators (MNO), need continuous investments into coverage &
capacity to meet increasing demands.
Such investments are needed to carry the continuous increase in data, 17x expected 2025 compared to 2018
[1], whilst at the same time the ARPU’s received for services are under pressure especially when extending
coverage. So, with the arrival of 5G that represents an additional investment burden, it is no surprise the MNO’s
are exploring any route to cut costs.
5G comes with an opportunity to create new services based on edge computing, which by most MNO’s are
considered a new source of revenue. When defining the 5G investment strategies, such edge services needs to
be considered. It is however a catch-22 situation as 5G might be needed before such services being developed
calling for a great deal of flexibility and agility.
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The Open RAN promise
It is in the light of the above that we should view Open RAN, as well as a broader trend of openness in SW based
systems. Such openness is generally considered to contribute to innovation and drive down costs. So, when
previously fragmented initiatives came together into ORAN-Alliance [2] an industry critical mass was gathered,
later also adding the Telecom Infra Project.
A study conducted by Senza Fili / Mavenir claims TCO savings could be as high as 37% [3]. These figures remain
to be validated under real and full-scale operations, but they catch interest.
Another claim from the Open RAN community is that of innovation. By using COTS infrastructure, the RAN can coexist with edge applications on the same platform. By opening RAN interfaces, innovative smaller companies can
contribute to technology thereby extending the eco-system and bring more competition.
This claim is justified from similar examples in open source, adhering to that of openness in general. 5G is
expected to be heavily integrated into our daily life through digital services, causing governments to be
concerned about security and trust. This fuels a discussion on a more transparent architecture although at the
same time having to consider new threat vectors from virtualization.
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Figure 2: Cost challenge for mobile network operators
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What is Open RAN really?
When people talk about Open RAN, it is sometimes referred to as an eco-system movement where new
contenders arise to challenge the incumbents. It could also more correctly be referred to as a set of open
specifications that outlines a disaggregated RAN. Its most prominent interface, the fronthaul, specifies how the
Distributed Unit (DU) interconnects to the Radio Unit (RU). This type of architecture split has been around for
a long time and was introduced as CPRI more than a decade ago, with an intention to open for multi-vendor
sourcing. It has essentially failed to deliver this, as the OAM (operations, administration & maintenance) part of
such interface did not converge to an agreed information model. In the case of Open RAN, the various parts of the
fronthaul interface have reached different maturity. As with the CPRI and eCPRI, it is the OAM that lacks sufficient
maturity to enable the wanted interoperability. However, the community is intensively working on this topic, but
the approach likely is to be found in open source or ecosystem integration activities rather than in agreements on
specifications.
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Figure 3: Open RAN Architecture (source Open RAN Alliance)
In the Open RAN Alliance, it is further assumed that
digital parts of the RAN (notably the Central Unit – CU,
and the DU run on commercial-off-the-shelf (COTS)
hardware. The definition of COTS is less defined, and
notably evolving. The use of hardware acceleration,
different configurations etc leaves a lot of options
open. As it is an NFV concept, it inherits the difficulties
and the challenges in harmonizing the underlying
infrastructure and its impact on performance. The
DU can be considered among the most challenging
workloads to run on top of COTS and is therefore the
last candidate for NFV.
Executing RAN SW on COTS is also referred to as
virtual RAN, not necessarily complying with the other
Open RAN interfaces. It is important to keep these two
concepts apart where vRAN is a conceptual subset
of Open RAN. It means that we can have virtual RAN
products that run on COTS but use other interfaces
that are not compliant with Open RAN.

8

The third part of Open RAN is about being able to
inject additional intelligence. This is referred to as the
RAN Intelligent Controller, outlined in a near-real-time
and a non-real-time variant. The added intelligence is
supposed to make use of RAN data and implement an
outer control loop.
What is important to remember is that the RU-DU-CU
disaggregation architecture was already outlined
by 3GPP for 5G. But as most 3GPP architectures,
there are plenty of options when implementing
products. The contribution from Open RAN is to
provide specialization and a clearer definition of that
architecture. But to deliver intended interoperability
Open RAN needs to better define operation &
maintenance information models.
It further implies that it is not the Open RAN
architecture per se that enables cost savings in case
Open RAN delivers cost savings. Savings comes either
from a new competitive eco-system, enabled by more
open and interoperable specifications or from RAN
virtualisation (or both).

What is driving
costs? – and
can Open RAN
deliver?
This is a difficult and key question. As concluded in
the previous section, it is not the architecture (RUDU-CU split) as such that enable cost savings. It
is more an issue of the price/performance ratio of
vendor products that do. The question then is how
a hardoptimized single vendor solution will compare
with an open Open RAN solution in general.
To assess the question, one needs to consider:
• Which deployment scenarios and use-cases

are being compared?
• What are the assumptions on cost for multi-vendor

integration, including OSS stacks?
• What kind of hardware is the Open RAN running on?
• Prices for network equipment (out of scope

for this paper)

As reported by industry analysts [4], the conclusion is
that TCO for coverage is cheaper with Open RAN (i.e.
new vendors) compared with incumbents, but then the
cost per Gb is cheaper with the incumbents. As TCO is
a key topic for MNO’s both the Open RAN community
as well as purpose-built products addresses this
issue through their roadmaps. This implies that
comparisons need to be based on the most recent
products available to be fair and arriving in reasonable
conclusions.

There are numerous scenarios [1] where energy
consumption can be expected to grow substantially.
Key 5G features, such as M-MIMO, and other radiorelated algorithms is key to combat such increase. But
it should be noted that energy consumption is heavily
dominated by the radio part. From there we can
conclude that more efficient use of radio resources
is most important, although savings are somewhat
reduced by the energy consumed executing powerful
algorithms.

This analysis reveals the issue of performance as the
enabler for the cost/Gb metric. There are two aspects
to this. Firstly, the ability to carry more traffic through
the equipment and spectrum at hand thereby reducing
CAPEX, secondly the energy efficiency to carry that
traffic reducing OPEX.

From the view of various Tietoevry assignments, we
see a huge variation in the performance of baseband
algorithms running on COTS caused by both the
algorithms as such, but also their implementation.
And again, the key factor is not the COTS infra energy
consumption from SW execution, but rather the
impact on the performance of the entire RAN. Heavily
optimized solutions will always outperform more
generic ones but with less flexibility at the flip of the
coin.

The challenge of energy efficiency is further outlined
in [5], stating that energy costs are 20-40% of OPEX
(with RAN contributing the lions share), but the more
interesting question is how this will evolve with 5G
and the expected 17x increase in traffic volumes.
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The industry wants and needs continuous innovation
in new and improved algorithms, but they are often
accompanied by needed changes in OAM interfaces
causing challenges with interoperability. This is a tricky
trade-off that needs to be carefully assessed.
An aspect that is now gaining more attention is
that of integration and operations support. A multivendor system inherently requires integration. With
respect to the RU and DU/CU parts, we may assume
that the Open RAN eco-systems could take care of
this, although it remains to be seen exactly how. The
breadth of radios needed to support all possible
configurations are huge and represents challenges
also for the incumbents. Adding the dimension of
multiple RU vendors with overlapping products do not
make that challenge easier, especially as the operation
and maintenance interfaces may exhibit differences
implying specialized SW tracks for each integration.
The key here is whether those interfaces could be
harmonized and how governance can be organized.
The Open RAN alliance and Telecom Infra Project
plays a significant role in this going forward but
standardization of OAM information models has
historically been proven difficult.
Moving up into operations support systems, we can
see both a challenge and an opportunity for OPEX.
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Legacy OSS systems consisting of hundreds of SW
applications expose rather low levels of automation
and selecting new RAN vendors force MNO’s to rethink their operations support stack. So, what is initially
a problem, could represent an opportunity if being
properly engineered and tailored to the processes
of the MNO. Such an approach is claimed to have
been successful by some new greenfield MNO’s but
is not explicitly tied to Open RAN. It is rather that 5G
represents an opportunity to finally go about and get it
done. For such an approach to be successful, a great
deal of MNO specific tailoring is needed as it aims at
streamlining the MNO work process. We expect MNO
competition enabled by more efficient ways of working
and automation to increase in the future.
At the end of the day, Open RAN is claimed to deliver
cost savings. But introducing new vendors into an
existing MNO network will always cause an initial
increase in OPEX, just because there is now new
network elements and new working procedures being
introduced that was not there before. And for RAN, this
is at a scale that MNO’s have not currently experienced
with NFV. The implication is that to avoid any CAPEX
saving being eaten by an increase in OPEX, the level of
automation needs to be substantial.

Is Open RAN the silver-bullet for the wireless industry?

Silicon vendors –
changing the game?
For a long time, purpose-built systems were the
only way to achieve the performance needed to
reach reasonable throughput on the spectrum at
hand. So, using ASIC’s mixed with DSP’s has been
the industry norm but prohibiting virtualisation.
With the advent of more efficient CPU’s, large scale
FPGA’s or GPU’s that are widely used in many other
applications, there is now an opportunity to use them
also for the performance-hungry baseband and radio
SW workloads.
Many of the silicon vendors have also brought SW
reference implementations to the market. This
significantly lowers the barrier for new entrants and
shortens time-to-market. Tietoevry’s experience from
a range of these projects is that substantial initial
investment can be reduced, but vendor differentiating
features, adaptations, performance optimizations
and hardening remains, still making RAN product
development a challenging endeavour.
The important aspect of the evolution in silicon is that
it is equally needed for other anticipated application
workloads at the edge. These include artificial
intelligence, virtual or augmented reality, gaming, video
rendering, just to name a few. Therefore, there is a
huge opportunity in resource sharing between RAN
and such applications.

Our view is that this infrastructure sharing is the most
prominent aspect of turning the RAN virtualized as it
enables the possibility to open new revenue streams.
For a lot of use cases like enterprises, stadiums,
airports etc the demand for accelerated applications
will increase thereby enabling the expected larger
societal impact from 5G.
Tietoevry anticipates this intersection of 5G, Edge and
infra acceleration to be an arena for innovation and is
the key argument for RAN virtualization going forward.
This also means that in many cases the infrastructure
capacity installed is larger than the need for 5G alone,
thus making it possible to better support RAN peak
loads through resource pooling. But it also means that
there is a need for proper orchestration capabilities so
that such generic, and accelerated, infrastructure can
be shared efficiently in a secure way.
Tietoevry is active in a variety of activities related
to how to enable such edge deployments for the
applications, as well as enabling the edge cloud
environments and data forwarding. These activities
also include the trickier issues as how to virtualize
acceleration hardware as well as resource sharing
algorithms so it can be shared among multiple
applications, including RAN. Activities further include
the issue of optimizing such distributed edge cloud
with a multitude of interconnected micro-clouds
through the intelligent placement of the workloads.
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On innovation & RIC

Open RAN introduces the
concept of the RAN Intelligent
Controller (non-real-time RIC
and near-real-time RIC). In both
variants, the target is to enable a
data-driven platform upon which
programmability can be enabled
through an external control
interface. It can enable MNO’s or
third parties to add optimizations,
or specific features & algorithms
for vertical use-cases or wanted
capabilities. To enable such an
approach, the RAN is exposing
data and control interfaces to the
respective RIC platforms thereby
enabling (potentially AI-based)
algorithms to be injected into the
system.
This idea has proven successful in
other areas, and one cannot help
to compare it with the evolution of
smartphones enabled by add-on
SW apps.
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As algorithms seldom operate in isolation, we foresee
challenges in avoiding different RAN algorithms and features to
interfere with each other. As some of these algorithms, like the
MAC scheduler, needs to reside within the DU, we expect it to
be challenging to add or replace RAN optimization algorithms
on top of what vendors provide. To develop such algorithms
(and their corresponding App SW), there is a need for powerful
tools and environments to make sure an integrated solution
is stable and can be trusted. This is less of a challenge for the
nonRT-RIC as it operates more on a policy level of the system,
although conflicts equally well may occur if not properly
engineered. Further research on the RIC concept is needed
to find solutions on how to resolve conflicts between multiple
control-loops to enable a stable system with plug-in control
loops designed by different organizations.
Long-term one could anticipate that the proposed RIC concepts
represent a significant contribution to innovation, thus carry
on the SW Defined Networking (SDN) trend. But if we allow
ourselves to rethink how a RAN could be built, we could come
up with a range of innovative approaches independent of Open
RAN.

Is Open RAN the silver-bullet for the wireless industry?

What about Cloud-native?
The above question is more forward-looking. Some
people would claim that something that runs in
containers is cloud-native, but that is far from what
is needed to achieve properties that are normally
associated with cloud-native.
So even the DU and CU parts are supposed to be
running on COTS in containers, they still resemble the
phrasing coined by a cloud company a few years back,
“a virtualized box is still a box”.
3GPP typically specify networks composed of “nodes”
that are supposed to be a) Planned, b) Managed by
humans and c) Distributed in geography. So, if our
mental model is that everything that is deployed (i.e.
distributed in geography) is also managed by humans,
we are restricting our architecture. Unfortunately, such
a model is the basis also for ETSI NFV, with a huge
impact on how we could evolve towards a more cloudnative RAN.

Some areas for consideration here are the difference
between a function (i.e. what the system does), and its
implementation (in our context, the SW). You deploy
SW but you invoke functions, so there is a mapping
to be done at the time of invoking, very much like a
load balancer. We could further consider if we could
separate the data from the running instances of the SW
in a stateless fashion. Unfortunately, this is challenging
within the current 3GPP definition. There are also other
aspects related to layering and interface definitions,
but those topics must be addressed in another paper.
Tietoevry is conducting a range of own funded R&D
efforts to contribute to the evolution of the industry.
The above also implies that although Open RAN’s
openness may enable innovation and contribution
to its components, it also imposes a restriction on
the innovation at the system level pointed out by the
system architecture defined by committees.

The bigger picture – 5G as the
driver for industrial change
As 5G has been promoted to be an enabler of the next level of a digital society, it can be expected to penetrate
almost all parts of our life. It means that 5G devices in all forms will be integrated into our environment.
The wider 5G eco-system that incorporates this technology require substantial openness and flexibility to adapt
5G to specific needs of applications. We believe that this will call for also a more open approach not only to
the device but also ultimately to the RAN. The ability to embed RAN into other products being part of industrial
systems, utility systems etc is needed to make full use of 5G.
Embedding 5G into various industry applications represents substantial development work and opportunities in
where Tietoevry seek to combine both vertical domain expertise and expertise in 5G.
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Conclusions

Is Open RAN a silver bullet? The short answer is no (as
there are no silver bullets). Is Open RAN important and
do we see technology changing – yes! But do we see a
disruption in the market – time will tell!
In our view, virtualization is the key concept that
is needed to drive uptake and harvest full 5G
opportunities for MNO’s and new applications at the
edge, as outlined by this paper.
At the time of writing this paper, some major
incumbents are launching their virtualized RAN
portfolios with similar promises as Open RAN.
Understanding the level of experience required to
construct a wellfunctioning RAN leaves everyone
humble in front of the task. But on the other hand, as
in many industries, openness is seen as a driver to
grow the eco-system that can enable the innovation
that is needed. Over the years of growth in the mobile
industry, there has been substantial research and
development resulting in a rather large community with
large skills well beyond the set of established vendors.
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There is a performance aspect to RAN TCO that we
think justifies a purpose-built approach for the number
of base stations that runs at heavy load. The remaining
fleet of base stations will evolve into virtualization
over time. But in most cases, this will go slow as there
are initially very few revenue reasons for MNO’s to
transform. It means that MNO’s will have to assess the
basic Return-on-Investment of every roll-out decision
by pure economics. If MNO’s embark on a full-scale
automation mission, those procurement decisions
leave decisions more open for new vendors and
thereby also for Open RAN.

Is Open RAN the silver-bullet for the wireless industry?
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