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The radio access network is evolving

The move towards open and virtualized radio access networks 
has been gathering momentum in recent years. Worldwide 
trials are taking place and deployments are already happening 
in commercial networks.

Two complementary concepts are transforming the radio 
access network (RAN). The first is open RAN. The idea is 
to separate the RAN into the radio unit, a distributed unit 
(near the radio unit), and a centralized unit. Using standard 
interfaces between them means that communications service 
providers (CoSPs) can integrate RAN equipment from different 
vendors more easily. Standard interfaces help to avoid vendor 
lock-in and make it easier to innovate in the network.

The second concept transforming the RAN is virtualization. 
Instead of using dedicated hardware, the compute 
components of the RAN are performed in software on general-
purpose hardware. The RAN becomes more flexible, and it’s 
easier to introduce innovations.

Open RAN and virtualization contribute towards lowering  
the cost of radio access, one of the most expensive parts of 
the operator’s network. You can adopt one concept without 
the other, but the benefits are greatest when both are used.

Two industry initiatives are driving the opening up and 
virtualization of the RAN forward:

 ■ The O-RAN Alliance was founded by operators including 
Deutsche Telekom, AT&T, and China Mobile. Intel is a 
contributor. The O-RAN Alliance is focused primarily on 
defining intelligent and disaggregated RAN architecture, 
standardizing interfaces. The aim is to enable operators  
to select and integrate the best RAN components.

 ■ The OpenRAN project is part of the Telecom Infra Project 
(TIP) and aims primarily to disaggregate software from 
hardware, and use commercial standard servers for 
virtualized RAN (vRAN) workloads – based on O-RAN 
Alliance architecture and interfaces. Intel and Deutsche 
Telekom are members of TIP.

The expectation is that in the long term, using general-purpose 
servers for vRAN may be more cost-effective than using 
dedicated hardware, and will be easier to scale. And even in 
the shorter term, service providers see incremental benefits in 
flexibility, agility, and resource utilization that help justify the 
change in architecture. 

Virtualization has helped drive efficient IT compute and storage 
resource utilization for years. Adopting vRAN helps to get the 
full benefit of baseband pooling. Consolidating and centralizing 
baseband processing reduces the equipment required at cell 
sites, and cuts the number of visits required to them. Power, 
real estate, and cooling costs can also be reduced. Pooling the 
baseband processing can improve performance, reduce latency 
between cell sites, and cut latency in connecting to the local 
user plane function. 

vRAN is a natural partner to multi-access edge computing 
(MEC). As general-purpose compute infrastructure is added 
at the edge of the network for hosting vRAN processing, there 
are opportunities to host other user-facing workloads at the 
edge on the same hardware. This allows CoSPs to grow their 
business with innovative new applications at the edge. 
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Deployment and Upgrade Benefits

Resource pooling

Virtualized network functions (VNFs)
and standard servers reduce costs

Reduced cell site equipment and power requirements

Support for machine learning algorithms
to support optimization

Performance Benefits

Improved performance

Reduced latency for inter-site signaling

Reduced latency for connection to local user 
plane function (UPF)

Deployment Challenges

Constraints on separation between BBU
and remote radio head (RRH)

New provisoning and infrastructure-sharing paradigm

Troubleshooting and optimization

Baseband Unit (BBU) Pool

Adopting virtualization for RAN deployments generates 
additional opportunity for common cloud infrastructure 
and common cloud infrastructure management approaches. 
CoSPs will need to work out new ways to manage the highly 
distributed network, including optimizing its performance. 
Novel operational models need to be invented, involving  
a common automation and management framework to manage 
increased complexity and provide higher deployment and 
lifecycle management (LCM) efficiency. 

An open and virtualized RAN stack removes barriers, so 
innovation can arrive with new market entrants. It also makes 
it easier for CoSPs and telecommunications equipment 
manufacturers (TEMs) to customize the RAN for optimized 
performance and resource utilization, including using machine  
learning. Having standardized interfaces increases interoperability  
and opens competition, and makes it easier for CoSPs to 
integrate solutions from a range of vendors, instead of having 
to procure the entire vRAN stack from one supplier.

As CoSPs evolve their RAN, they will face a number of 
challenges. Huge data and strict timing requirements exist on  
the fronthaul between the radio and baseband unit (BBU) pool.

These requirements will impose constraints on how far away 
the BBU pool can be. In many cases, the transport network 
will not allow baseband pooling, meaning that the virtual BBU 
(vBBU) will need to be deployed at the cell site. The vRAN 
solution must support both centralized and distributed vBBU 
deployment approaches to flexibly adapt to the respective 
transport network capabilities.

In this eGuide, we’ll tell you about the work Deutsche Telekom 
is doing to transform its RAN in collaboration with Intel and 
a range of open RAN providers. We’ll also showcase some 
of the Intel technologies that are playing a part in Deutsche 
Telekom’s solution.

Figure 1: The benefits and challenges of the virtualized radio access network (vRAN)
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Deutsche Telekom’s open and intelligent radio access network platform

Deutsche Telekom is a leading integrated communications 
provider and has 235.8 million mobile customers. For 
Deutsche Telekom’s open RAN platform, there are three main 
focus areas driving the system design and implementation:

 ■ Decoupling radio units from the baseband using open 
fronthaul. Deutsche Telekom is working with radio unit 
vendors that support O-RAN Alliance defined open 
fronthaul, and so ideally won’t be using a fronthaul 
gateway to convert vendor-specific Common Public Radio 
Interface (CPRI) or eCPRI protocols.

 ■ Virtualizing the baseband solution for hardware and 
software decoupling. On the software side, the open RAN 
solution is also decoupling the cloud infrastructure and 
RAN protocol stack solution so that they can come from 
different vendors.

 ■ Creation of an independent management and 
orchestration framework.

An important characteristic of the system is the ability 
to efficiently test the integration and interoperability of 
disaggregated RAN components. Deutsche Telekom has 
launched its Open Testing and Integration Center (OTIC) 
in Berlin to assist open RAN component providers in their 
commercialization efforts. The OTIC enables end-to-end  
RAN reference architecture and interoperability testing.

In the OTIC environment, Deutsche Telekom is bringing 
together the O-RAN Alliance and OpenRAN initiatives.  

“There is global alignment between these initiatives,” said 
Petr Ledl, VP and head of network trials and chief architect of 
disaggregated RAN at Deutsche Telekom. “They’re driven by the  
need we have to disaggregate software from hardware. When we  
do that, we need to align how they talk to each other so it is easier  
for vendors to provide their components for the overall solution.”

The company is collaborating with Intel and VMware on an 
open and intelligent vRAN platform. The platform is based on 
O-RAN standards and will cater to today’s LTE and the rapidly 
proliferating 5G network infrastructures. Initial partners include 
Cohere Technologies and Mavenir.

The project is developing open RAN toward a deployable carrier 
grade solution. A proof of concept and trial of the open RAN  
platform is one of the first steps to evaluate both distributed and 
centralized baseband processing options. The motivation for the 
trial is to achieve centralization wherever possible. “Centralized 
is definitely more efficient,” said Ledl. “Pooling resources helps 
achieve efficiencies in the compute environment,  
power consumption, and the whole lifecycle management.”

The trial is validating the efficiency of the solution in terms of the 
compute footprint, power efficiency, cell capacity, and the user 
experience. The trial is now in the lab, with plans to move to a pilot 
this year. 

Intel, VMware, and Deutsche Telekom are working together on 
the virtualized baseband solution, based on Intel technologies.

Deutsche Telekom’s Headquarters in Bonn
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VMware is contributing the cloud infrastructure and 
addressing the challenge of how to manage compute, 
storage, and networking resources in the underlying 
infrastructure as efficiently as possible. VMware is also 
developing a near real-time RAN intelligent controller (near-
RT RIC) for scheduling radio resources. The near-RT RIC 
will use O-RAN open interfaces as an open platform with 
enhancements to enable applications on top to manage 
radio resources in real time. 

“It’s hard to influence the internal behavior of the RAN 
today,” said Ledl. “You buy it as a large monolith of tightly 
integrated software and specialized hardware. Any 
innovation needs to come from the RAN software vendor. 
However, in the long run there might be an opportunity  
for us to introduce new algorithms, hosted on the near-RT 
RIC, that influence the behavior of the RAN solution.” 

One of the first areas to be investigated was performance 
testing of the open fronthaul based RAN solution, using 
a 7-2x fronthaul split. The aim was to understand the 
requirements (e.g., delay tolerance) and design aspects 
related to the transport network in supporting O-RAN open 
fronthaul. Figure 2 shows some of the RAN deployment 
options Deutsche Telekom will be considering. 

The openness of the solution is one way that Deutsche 
Telekom will judge its success. “We are open and are working 
with different vendors that are relevant in open RAN solutions. 
In principle, anyone can supply a component of the solution 
if the performance and efficiency criteria are met,” said Ledl. 
“The solution needs to be open to challengers and should 
enable alternative deployment options. At the same time, we 
would like to see solutions based on the O-RAN architecture 
and specification from all the incumbent vendors as well.”
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Figure 2: Deutsche Telekom has a range of deployment options open for testing. These options include distributed virtualized radio access network (vRAN) with all radio access network (RAN) processing at the cell site, using an edge-based virtual central 
unit (vCU), and siting the virtual distributed unit (vDU) at the edge with the vCU.
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The role for automation

As the hardware and software components in open RAN will be 
coming from different vendors, the integration, testing and the 
lifecycle management of components will be challenging. One 
of the key questions for Deutsche Telekom is how the solution 
can be managed effectively. “We are developing an independent 
management framework that is also using the O-RAN defined 
interfaces,” said Ledl. “We have two goals here: first, when 
replacing a vRAN hardware or software component, it should 
have minimal impact on the management system. Changing 
a provider for a component should not require changes in the 
management and orchestration states.

“The second goal is to benefit from automation. When you 
move from integrated monolithic solutions to the disaggregated 
world, you are increasing complexity. No doubt about it. Now, 
integration needs to happen with more responsibility on our 
side as opposed to getting an integrated solution off the shelf. 
Automation will be required to manage the complete solution 
cost effectively.”

He calls out testing as a particular challenge. One strength of 
disaggregated RAN is that it’s easier to apply frequent, smaller 
software updates, but that implies more testing. “We will need to 
adapt new testing approaches under the continuous integration/
continuous delivery (CI/CD) umbrella,” said Ledl. “This is 
especially important in test environments before going into the 
production environment. By introducing a CI/CD approach as  
a part of the RAN system introduction and testing, RAN software 
changes can be introduced in a faster and automated way. 
Disaggregation also means there are new interfaces between 
components, which also require more testing. Given these 
assumptions, robust automation will be essential to make testing 
scalable and agile to meet efficiency needs.” 

Taking the concept of automation further, the O-RAN 
Alliance has outlined the role that artificial intelligence (AI) 
and machine learning (ML) can play in optimizing the RAN. 
Use cases include traffic steering, quality of experience 
optimization, quality of service-based resource  
optimization, and massive multiple-input and multiple-output 
(MIMO) optimization. 

In addition to studying how AI/ML can help with resource 
optimization, Deutsche Telekom is looking at how AI can help 
with its management framework. “To increase operational 
efficiency, we’re looking at closed loop automation,” said 
Ledl. “We want to do anomaly detection or even prediction of 
issues, and then deploy countermeasures automatically. AI/ML 
will play a significant role.”
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Building the virtualized radio access network platform

For Deutsche Telekom’s trial, Intel is contributing its 3rd 
Generation Intel® Xeon® Scalable processors, the new 
Intel® vRAN Dedicated Accelerator ACC100, and the O-RAN 
compliant FlexRAN reference architecture.

FlexRAN reference architecture
The vRAN software is built on top of the FlexRAN software 
architecture. FlexRAN provides a blueprint for the baseband 
processing on Intel® architecture. Providers of vRAN solutions 
can build their technologies using FlexRAN as a foundation, 
therefore more quickly and easily benefitting from the 
optimizations that are built into FlexRAN.

The advantage of building on top of FlexRAN is that it 
simplifies the otherwise more complex programming tasks 
needed to maximize the performance or efficiency of the 
underlying hardware platform. By using FlexRAN as a base 
layer between the vRAN software and the hardware, vendors 
can focus on their value-added solutions. FlexRAN is pre-
optimized to take advantage of underlying hardware features, 
such as Intel® processors, instruction set enhancements, and 
acceleration cards.

One of the biggest challenges in virtualizing L1 of the RAN 
is achieving the strict transmission time interval (TTI) timing 
constraints. FlexRAN provides a solution for this, using the 
real-time capabilities of operating systems. The complete 
architecture includes a framework for baseband pooling,  
a framework for network slicing, and reference physical layer 
(PHY) pipelines for LTE, 5G Sub-6, and 5G mmWave. Enabling 
libraries for 5G L2/L3 (see Figure 3) and testing capabilities 
are included.

Other key features in FlexRAN include:

 ■ Optimizations for massive MIMO Midband pipeline to 
increase bandwidth 

 ■ Support for ultra-reliable low-latency communication 
(URLLC) aligned to the 3GPP Release 16; URLLC incorporates 
one of the most anticipated 5G features that supports 
guaranteed levels of reliability and latency. 

 ■ Scalable platform design for various RAN deployments, 
including macro and indoor, distributed RAN, and rural 

 ■ Flexible support for a range of Intel processors, Ethernet 
adapters, Intel® FPGAs, and dedicated acceleration cards 

 ■ Support for the Intel® Advanced Vector Extensions 512 
(Intel® AVX-512) instruction set, introduced in the Intel® 
Xeon® Scalable processor family, which enables more 
data to be processed at the same time; FlexRAN makes 
it easier for vRAN vendors to incorporate Intel AVX-512 
optimizations in their solutions.

FlexRAN has a strong ecosystem, with over 100 licensees and 
live deployments worldwide (see Figure 4).

Figure 3: The FlexRAN architecture accelerates virtual radio access network (vRAN) development by providing many of the core components 
to achieve optimized performance on Intel® architecture.
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Figure 4: FlexRAN is accelerating virtualized radio access network (vRAN) deployments worldwide.
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Hardware acceleration for virtualized 
radio access network  
In traditional RAN implementations, hardware acceleration 
is typically used for highly performance-sensitive parts of 
the L1 processing. This acceleration would be incorporated 
in the custom ASIC.

To achieve carrier-grade performance, virtualized RAN 
uses a similar approach, with general-purpose processors 
complemented by hardware accelerators where needed. By 
dedicating acceleration hardware for performance-intensive 
processing tasks, the system CPU is available for increased 
channel capacity, and for running additional services at the 
edge of the network.

The Deutsche Telekom next generation RAN trial is evaluating 
the new Intel® vRAN Dedicated Accelerator ACC100 (see Figure 
5). This device is dedicated to the compute-intensive forward 
error correction (FEC) processing that is inherent in RAN stack 
processing. FEC protects the communications against channel 
impairment. The Intel® vRAN Dedicated Accelerator ACC100 
supports both turbo coding (for 4G) and low-density parity 
check (LDPC) for 5G/4G concurrently. 

This accelerator is a low-cost, low-power, and high-performance 
dedicated solution for 4G and 5G vRAN. It integrates 
seamlessly with FlexRAN and supports the BBDev application 
programming interface (API) to integrate with solutions from the 
O-RAN Alliance community.

3rd Generation Intel® Xeon® 
Scalable processors
Traditional custom ASICs for RAN are based on programmable 
digital signal processing (DSP) cores with hardware acceleration. 

With Intel® AVX-512 in the Intel® Xeon® Scalable processor 
family, Intel general-purpose silicon gains new instruction set 
enhancements that dramatically increase the efficiency of DSP 
operations. 

Intel® AVX-512 enables instructions to process up to 512 bits 
of data at the same time, accelerating performance for signal 
processing applications. The FlexRAN reference architecture 
includes implementations to take advantage of Intel® AVX-512 
for enhanced efficiency.

Deutsche Telekom’s trial is based on 2nd and 3rd Generation 
Intel® Xeon® Scalable processor based servers that feature 
Intel® AVX-512 instructions. These processors also include 
enhanced I/O and security. In addition, Intel® Deep Learning 
Boost provides built-in AI features to help accelerate AI 
workloads at the edge of the network, including the network 
optimization and automation workloads discussed earlier.

In a RAN deployment, the 3rd Generation Intel® Xeon® Scalable 
processor could be used to host centralized baseband 
processing, virtual distributed units (vDUs) for real-time RAN 
functions, and user-facing edge applications. 

In the future, Deutsche Telekom will have additional processors 
to choose from for its vRAN implementation. Intel is launching 
network-optimized SKUs that are designed for infrastructure Figure 5: The Intel® vRAN Dedicated Accelerator ACC100 enables forward 

error correction (FEC) acceleration to be offloaded from the CPU.

use cases that require higher performance per watt. These 
use cases include vRAN and network edge workloads, wireless 
core, and security appliances.

For edge environments with less space, including vRAN sites 
and security appliances, Next Generation Intel® Xeon® D 
processors will offer greater levels of integration, such as built-
in networking intellectual property. The Intel® Xeon® D can 
enable cost-effective ruggedized vDU implementations.
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Conclusion Learn more

• FlexRAN Reference Architecture

• Intel® vRAN Dedicated Accelerator ACC100

• 3rd Generation Intel® Xeon® Scalable processors

CoSPs are architecting their RAN infrastructure for a diverse 
range of 5G and edge services. Intel is working closely with 
leading global operators, including Deutsche Telekom, as they 
conduct vRAN market trials, and many early commercial vRAN 
deployments are running on Intel® technology. 

To further enable the scale of vRAN, Intel has also partnered 
with the community to drive standards and nurture a robust 
global ecosystem. With a combination of general-purpose 
processors, accelerators, and a powerful software ecosystem, 
Intel is helping open up new opportunities in the RAN.
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