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Abstract

The advent of 5G virtualized Radio Access Networks (VRANS)
brings a new challenge with regards to computer architec-
tures. It requires to design computing technologies that pro-
vide appropriate performance while maximizing the effi-
ciency and flexibility of networks. Several solutions were
proposed relying on general-purpose processors as well as
hardware accelerators. This work presents our effort to en-
able a dense VRAN deployment on top of these computer
architectures using the 5G software stack OpenAirInterface.
We describe how we adapted the software stack to leverage
the capabilities of hardware and how we managed to operate
many VRANS on a shared server. We also share our obser-
vations on the behavior of the computer architectures and
how they affect the vRANs. We finally discuss the limitations
of this work and how they can be addressed to implement
better VRAN deployments.

CCS Concepts

« Networks — Middle boxes / network appliances; Mo-
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1 Introduction

Silicon industrials such as Intel or AMD released several
solutions providing the computing capabilities necessary to
efficiently implement 5G Radio Access Networks (RAN) at
the same time as addressing the requirements in term of
flexibility and scalability of virtual RANs (VRAN).

Open-source 5G software stacks also implement vRANs
following the guidelines of the Open RAN (O-RAN) Alliance [17].
While FlexRAN [15] stands as a reference design for imple-
menting the O-RAN specifications, other stacks also achieved
end-to-end O-RAN compliant deployments: OpenAirInter-
face [4] or OCUDU [5]. Open-source 5G software stacks
should as well leverage vRAN computer architectures. FlexRAN
already leverages Intel VRAN accelerators and other open-
source 5G software stacks also have to gain these capabili-
ties. They should as well allow to implement many vRAN
instances in parallel on a shared computing infrastructure
to use large computing nodes efficiently.

This work aimed to enable the OpenAirInterface stack to
leverage three VRAN computer architectures from the in-
dustry for implementing efficiently the RAN physical layer.
With this stack, we implemented a large deployment of sev-
eral end-to-end vRANS sharing a single server. We observed
the behavior of our deployment and identified necessary im-
provements to implement further and better scenarios. Our
work enables full stack experiments in a realistic comput-
ing environment [8]. As a first step, Section 2 presents the
computing requirements of the vVRAN upper physical layer
and introduces three different candidate solutions. Section 3
explains the changes we contributed in the OpenAirInter-
face stack to leverage the three systems and enhance the
performance of the physical layer. Section 4 introduces a
challenging vVRAN deployment on top of the three systems,
with several 5G FR1 small-cells sharing a single host sys-
tem, and presents our observations. Finally, in section 5 we
summarize the capabilities, limitations and possible improve-
ments to our work.

2 Background

5G introduced new degrees of freedom in the use cases and
architectures of RANs which implies new requirements in
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RAN solutions in term of flexibility, scalability and ability to
be virtualized [9]. Computing solutions for vRANs should
implement the High-PHY layer of the RAN stack in the O-
RAN standard architecture.

2.1 vRAN High-PHY

In the O-RAN architecture [17], the Radio Unit (O-RU) on
the cell site implements the lower physical (Low-PHY) layer
while the Distributed Unit (O-DU) located at the edge, close
to the cell sites, implements the upper physical layer (High-
PHY). A standard network interface, the O-RAN 7.2 fron-
thaul, ensures the connection of the O-DU and O-RU and of
the two halves of the physical layer. In its edge location, the
O-DU is the first network function up from the cell site that
can be virtualized in an edge cloud infrastructure. An O-DU
can share the infrastructure with other O-DUs, other user-
plane network functions and local end services. The High-
PHY layer consists of a digital signal processing pipeline
with an uplink (UL) and a downlink (DL) direction. Channel
coding is a part of High-PHY that relies on Low-Density
Parity-Check (LDPC) codes [24] to fix transmission errors
introduced by the channel. Its UL component, channel decod-
ing is the dominant computing consumers in UL High-PHY.
Its DL counterpart, channel encoding is one of the dominant
computing consumers in DL High-PHY [13].

2.2 The Architectures

The state of the art. GPPs are able to handle massive Mul-
tiple Input Multiple Output (MIMO) broadband processing
in the Frequency Range 1 (FR1) spectrum, as demonstrated
by Agora [10] and Hydra [14], and 2T2R MIMO in the Fre-
quency Range 2 (FR2) spectrum with tighter time constraints,
as demonstrated by Agora-UHD [19]. On the other hand,
HAs can also be integrated in a virtualized RAN provided
that HAs interface with software through an appropriate
standard interface specified in the O-RAN standard: the Ac-
celerator Abstraction Layer (AAL) [17]. The most common
implementation of the AAL is the BaseBand Device (BBDev)
application of the Data Plane Development Kit (DPDK) which
acts as a performant real-time driver for a variety of HAs and
software libraries [12]. For example, Savannah demonstrated
this architecture with the FlexRAN stack and an Intel HA
for implementing a full-stack 2T2R MIMO FR2 RAN [20].
DecodeX [21] provides a comprehensive comparison of GPP
and AAL performance at LDPC channel decoding.

Our infrastructure. Three alternative computing architec-
tures were at our disposal. They were all released as com-
mercial products or as engineering samples.

st High-Performance General-Purpose Processor. The sim-

plest architecture relies on a general-purpose processor with
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a high count of high-performance cores. It is named here-
after High-Performance General-Purpose Processor or with
the acronym HP-GPP. In this study we use an AMD EPYC
9575F from the AMD EPYC 9005 series with 64 Zen5 cores
able to operate at clock frequencies up to 5 GHz and featur-
ing AVX512. This processor has 48 kB of L1 data cache, 32
kB of L1 instruction cache and 1 MB of L2 cache per single
core as well as 32 MB of L3 cache per group of 8 cores [3].
The system has 128 GB of DDR5 memory configured with
a transfer speed of 6000 MT/s. An Intel E810-C-Q2 QSFP
Network Interface Card (NIC) is interfaced via a PCle gen4
x16 interface. The system runs Ubuntu 25.04 with kernel
6.14.0-1011-realtime as host operating system.

2" Efficient General-Purpose Processor & RFSoC. The next
candidate architecture features a HA for offloading chan-
nel coding with AAL. The HA is an RF System-on-Chip
(RFSoC) on a PClIe board, a T2 telco accelerator card from
AMD [1]. DPDK BBDev is used to interface the HA with
software. When choosing the processor of the host, we kept
in mind that the processor is relieved from channel coding
by the RFSoC. We chose an AMD EPYC 8534P from the EPYC
8004 series — a series focusing on efficiency with regard to
silicon and energy consumption — with 64 Zen4c AMDG64
cores reaching clock frequencies up to 3.1GHz and featur-
ing AVX512. This processor has 32 kB of L1 data cache, 32
kB of L1 instruction cache and 1 MB of L2 cache per single
core as well as 16 MB of L3 cache per group of 8 cores [2].
The system has 128 GB of DDR5 memory configured with a
transfer speed of 4800 MT/s. The T2 Telco Accelerator Card
is interfaced via PCle gen3 x16. An Intel E810-C-Q2 QSFP
NIC is interfaced via PCIe gen4 x16. The system runs Ubuntu
26.04 with kernel 7.0.0-30-realtime as host operating system.
This solution is named hereafter Efficient General-Purpose
Processor & RFSoC or with the acronym E-GPP & RFSoC.

3@ yRAN System-on-Chip. Another architecture offers to em-
bed the HA in the package of the host processor instead of
having a separate RFSoC. The HA does not have its own
dedicated memory like an RFSoC on a PCle board but uses
the main system memory for data aggregation over repeated
transmissions for channel decoding. We have at our disposal
an Intel processor from the Sapphire Rapids Edge Enhanced
series, an Intel Xeon Gold 6433N, with 32 AMD64 cores reach-
ing clock frequencies up to 2.7GHz and featuring AVX512
and an HA for channel decoding and encoding with the
LDPC code. The HA featured in this processor is marketed
as 'vVRAN Boost’. DPDK BBDev is used to interface the HA
with software [12]. This processor has 48 kB of L1 data cache,
32 kB of L1 instruction cache and 2 MB of L2 cache per sin-
gle core as well as a 32 MB L3 cache shared by the 32 cores.
The system has 128 GB of DDR5 memory configured with a
transfer speed of 4400 MT/s. An Intel E810-C-Q2 QSFP NIC
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is interfaced via PCle gen4 x16. The system runs Red Hat En-
terprise Linux 10.1 with kernel 6.12.0-124.35.1.el10_1.x86_64
as host operating system. We name it hereafter vVRAN System
on Chip or vRAN-SoC.

3 LDPC coding with AAL

Leveraging the capabilities of the three architectures be-
comes possible with enhancements to OpenAirInterface High-
PHY that we contributed during the past two years. Our
major contributions were merged in the mainstream stack
from tag "2026.w35’ of August 2026.

We enabled the offloading of channel coding to an HA
with AAL. We also improved the efficiency of the offloading
by reworking the integration of channel coding libraries in
the OpenAirInterface stack.

3.1 Offload to a HA with AAL

In 5G LDPC coding, the Transport Blocks (TB) sent to or
received from each User Equipment (UE) within a slot are
segmented into code segments also known as Code Blocks
(CBs) to be encoded or decoded [24]. Any AMD64 core tends
to require a long time to perform the channel decoding even
of a single CB. Then GPPs tend to struggle to provide low
processing times for channel decoding even by involving
many cores in the operation. Offloading channel coding and
more especially channel decoding to an HA is therefore
rather interesting.

An AAL compliant offload of channel encoding and decod-
ing with LDPC is now available with the OpenAirInterface
stack in the form of a shared object that can be optionally
compiled and loaded [4]. It relies on DPDK BBDev and 3
HAs are supported:

e T2 telco accelerator An RFSoC on a PCle board from
AMD featuring 8 Soft-Decision Forward Error Cor-
rection (SD-FEC) cores [1] that we have on the E-
GPP & RFSoC system.

e ACC 100 An accelerator from Intel. We do not own
this accelerator but it is operated and tested by another
contributor to the stack.

e VRAN Boost An accelerator from Intel, also known as
ACC 200. It is embedded in the Intel Sapphire Rapids
Edge Enhanced processor [12] of the VRAN-SoC sys-
tem.

BBDev leaves the possibility to the HAs to implement
some capabilities or not in order to reflect the actual capabil-
ities of the hardware. Then, the integration of BBDev in the
OpenAirInterface stack had to accommodate the respective
capabilities of the HAs.
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Figure 1: channel coding time on the E-GPP & RFSoC
system with 1 to 8 TBs per slot for different coding
function interfaces

3.2 Implementation interface rework

For a 100MHz 4T4R RAN, a TB can break down into 1 to 144
CBs. The interface of the channel coding implementations
was previously processing 1 CB per call to the decoder and
8 CBs per call to the encoder. One call to decoder or encoder
was performing only LDPC coding in the strict sense, which
does not include rate matching. This design was fitting the
original GPP based implementation of OpenAirInterface but
was too limited to enable an efficient implementation with
BBDev. The reworked interface of LDPC coding includes
code rate matching and enables the processing of all the CBs
of one slot in one call to the decoder or encoder.

The gain in term of processing time with this change of
the LDPC coding implementations interface is illustrated
by Figure 1a and Figure 1b. The figures show the average
processing times for the channel decoding and encoding of
one slot in a 100MHz numerology 1 RAN operating with 2
UL layers, 4 DL layers and a modulation order of 8. These
times were recorded on the E-GPP & RFSoC system. There
is one plot for each interface that are encountered in the
OpenAirInterface codebase history:

(1) The former interface that processes 8 CBs per call for
encoding and 1 CB per call for decoding

(2) An intermediate interface enabling to process one TB
per call to either encoding or decoding

(3) The newer interface enabling to process the entire slot
in one call to either encoding or decoding

One slot breaks down into 63 CBs for 1 TB that occupies
the whole slot. The Physical Resource Blocks (PRBs) of the
slot are shared between 1 to 8 TBs. These graphs show the
overhead of breaking a slot into multiple TBs, which is of
interest since each UE gets its own TB when a slot is shared
by several UEs. For both decoding and encoding, there is
an improvement with the third interface compared to the
first one. The improvement remains whatever the number
of TBs in the slot. Meanwhile, with the second interface,
the improvement that is seen for one TB per slot decreases
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with the number of TBs. Indeed, increasing the number of
TBs increases the number of calls required even though the
amount of data to process remains the same.

4 Dense deployment

We now challenge the enhanced OpenAirInterface stack on
top of each of the three systems with a dense vVRANs deploy-
ment. We deploy several instances of small-cell 5g O-DUs
under traffic load.

4.1 Implemented deployment

Our testing infrastructure didn’t offer enough radio appli-
ances to accommodate many O-DUs. Fortunately, the Ope-
nAirInterface stack offers a ’phy-test’ mode that emulates the
connection of a User Equipment (UE). This 'phy-test’ mode
can be used together with an O-RAN 7.2 fronthaul executing
as it would with a real O-RU connected. It only requires an ac-
tive network interface. Then, only one instance connects to a
real O-RU which enables to assess the network performance
with end-to-end tests. The other O-DU instances in ’phy-
test’ mode create a fair load on the system. All the O-DUs
operate with 4 DL antennas and 4 UL antennas, a bandwidth
of 100 MHz on frequency band n77 and numerology 1, cor-
responding to a Transmission Time Interval (TTI) of 500
ps. DL and UL traffic separation is enforced through Time
Domain Division (TDD). For each period of 5 slots, there are
3 slots dedicated to DL traffic, one slot shared between DL
and UL traffics and one slot dedicated to UL traffic. On the
O-DU instances in "phy-test’ mode, the emulated connection
of a UE has 4 transmission layers and modulation order 8 in
the DL direction and 2 transmission layers and modulation
order 6 in the UL direction. Each O-DU is executed within
a dedicated container which enforces processor cores par-
titioning. The cores assigned to the O-DUs are isolated in
the kernel parameters so that they are not considered for
scheduling concurrent processes. On each system, a single
NIC and single HA, if any, is shared by all the O-DUs by
using Single Root Input & Output Virtualization (SR-IOV)
and the VFIO driver for DPDK [12].

We evaluated the ability of the systems to provide a target
mobile-broadband Quality of Service (QoS) with end-to-end
tests with a physical UE. The end-to-end DL throughput
should reach 1200Mb/s with 4 layers and a modulation order
of 8 and the end-to-end UL throughput should reach 90Mb/s
with 2 layer and a modulation order of 6.

4.2 Resource Assignment

4.2.1 Resource requirements. OpenAirInterface required to
assign some processor cores to given tasks [4]. The roles of
these 6 cores are:
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e 2 cores for DPDK worker threads for O-RAN 7.2 fron-
thaul and AAL, namely the DPDK "IO’ core and *worker’
core.

e 1 core for DPDK management, namely the DPDK ’sys-
tem’ core.

e 1 core for managing radio data income and outcome,
namely the 'RU thread’ core.

e 2 cores dedicated to top level High-PHY processing, 1
for UL and 1 for DL, namely the L1 RX thread’ and
"L1 TX thread’ cores.

The O-DU also required an additional distinct set of cores,
known as the ’thread pool’, that executes worker threads
implementing some of the most demanding High-PHY work-
loads, especially channel coding on the HP-GPP system. The
size of this pool was of 7 cores for a 100MHz 4x4 FR1 O-DU
in reference OpenAirlnterface setups [4].

We reduced the number of required processors to 8 on the
three target systems. First of all, we observed that the DPDK
’system’ core and 'RU thread’ core had a very low level of
usage. Therefore, we made two cores of the "thread pool’
overlap with these two assigned cores without introducing
any overhead. We also managed to reduce the thread pool
to 4 cores on the three target systems. Our final processor
cores assignment was then:

e 4 single task cores: DPDK ’10’, DPDK ’worker’, 'L1 TX
thread’ and L1 RX thread’ cores.

e 2 cores shared between the thread pool and tasks as-
signed to these cores: the DPDK ’system’ and 'RU
thread’ cores.

e 2 cores for thread pool only.

4.2.2  Computer architecture constraint. Another constraint
was added by the internal architecture of the AMD EPYC
9005 and 8004 processors. These processors are manufac-
tured from 8-cores core complexes with one L3 cache per
core complex [2, 3]. We observed a significant overhead on
the performance when the range of the processor cores al-
located to an O-DU crosses the border of a core complex.
In order to avoid this overhead and obtain optimal perfor-
mances, an O-DU has to be contained on one core complex.

This behavior affects the HP-GPP and E-GPP & RFSoC
systems. On the VRAN-SoC system, we do not observe such
a behavior.

4.2.3 Assignment. The processor of each system is parti-
tioned so that each O-DU is granted the exclusive usage of a
set of processor cores.

On the HP-GPP system and E-GPP & RFSoC system, one 8-
cores core complex is assigned to each O-DU. except for one
core complex that is left to the operating system. We aim to
host 7 O-DU instances on these systems with their 64-cores
processors. Figure 2 gives an overview of the architecture
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of the E-GPP & RFSoC system with the intended placement
of the O-DUs. The intended instance placement on the core
complexes of the HP-GPP system is identical.

On the vVRAN-SoC system, 8 cores are assigned to each
O-DU as well. Then we aim to host 3 instances on this system
with its 32-cores processor with 8 cores left to the operating
system.

On the three systems, we also set the processor core fre-
quency to its maximum, disable the idle states of the proces-
sor cores and set their frequency governor to performance.

4.3 Observations

On each of the three systems, we increased gradually the
number of O-DUs sharing the system from 1 to the number
of O-DUs we intended to fit and observed how the network
behavior evolved.

4.3.1  Functionality. We couldn’t deploy more than 5 O-DUs
out of the expected 7 on the HP-GPP system. When attempt-
ing to execute 6 O-DUs, some of them stop executing because
of delayed reads on the radio fronthaul reception buffer. It
means that with 6 O-DUs sharing the system, the fronthaul
process is too slow to read received radio data on time.

Meanwhile, on the E-GPP & RFSoC system, 7 O-DUs ex-
ecute out of the 7 expected and the UL and DL throughput
tests are successful. On the vVRAN-SoC system as well 3 O-
DUs are successfully executed out of 3 expected and the UL
and DL throughput tests are successful.

4.3.2 Channel coding. Figure 3a and Figure 3b show, for the
three systems, the distribution of processing times for LDPC
decoding and encoding of a slot recorded over 3 seconds

WINTECH ’26, October 26-30, 2026, Austin, TX, USA

on the O-DU connecting to a physical O-RU under through-
put tests with 1 O-DU and the maximum number of O-DUs
achieved on the system.

UL channel decoding. For UL channel decoding and one
single instance on the system, the HAs outperform the HP-
GPP. The fastest solution is the RFSoC of the E-GPP & RFSoC
system. But the picture drastically evolves for a shared sys-
tem. On the E-GPP and RFSoC system especially, sharing
the RFSoC between 7 O-DU instances significantly increases
the median and higher percentiles of the decoding time. The
average decoding time increased from 169ps for 1 instance
to 505us for 7 instances (+199%). The maximum increased
from 215ps to 1321ps (+514%). On the vVRAN-SoC system,
this effect is observed to a more limited extent with a moder-
ate increase of the higher percentiles. The average decoding
time only increased from 271ps for 1 instance to 302us for 3
instances (+11%) while the maximum increased from 323ps
to 661ps (+105%). Meanwhile, the decoding times on the
HP-GPP system slightly increase but the distribution keeps
almost the same shape.

DL channel encoding. For DL channel encoding with a
single instance, the HAs are slightly outperformed by the
HP-GPP, but the encoding time remains close between the
systems. With multiple instances, we observe similar behav-
iors on the systems with HAs as we observed in the UL case
but in a more limited extent. On the E-GPP & RFSoC system,
while the increase of the median is rather limited, the higher
percentiles significantly increased. The maximum encoding
times increased from 192ps to 797ys (+315%). On the HP-GPP
and vVRAN-SoC systems, the increase is much more limited
and localized in the higher percentiles.

HA sharing. The increased channel coding times on the
systems with HAs is the result of contention between O-DUs
for using the HA. It is a well-known issue of shared acceler-
ators and a well-studied topic especially when it comes to
solutions to mitigate the risk of real-time deadline infringe-
ment that this issue creates. Recent studies on this topic are
referenced in section 5.

But, in order to understand the true impact of the behavior
of these shared systems on the QoS, we need first to look at
the impact of these behaviors on the total processing time
of the High-PHY layer which comprises other components
than channel coding.

4.3.3 Global High-PHY computing. Figure 4a and Figure 4b
show the distribution of the total times for processing a slot
in the High-PHY layer of the O-DU with real radio with 1
0O-DU and the maximum number of O-DUs on the system
under the UL and DL throughput tests.

UL High-PHY. In the UL direction, the high-performance
processor of the HP-GPP system enables it to show in any
case lower processing times than the other systems. In the
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Figure 3: Distribution of time for channel coding of
a slot. Whiskers are first and last deciles. Fliers are
minimum, 99th and 99.9th percentile and maximum.

UL direction, the HP-GPP system shows in any case lower
processing times than the other systems. The E-GPP & RESoC
remains close to the performance of the HP-GPP system
for one instance. But in the case where 7 instances share
the system, the behavior of channel decoding time that we
observed translates in a significant overhead on the total UL
processing time. The vVRAN-SoC system shows processing
times well above the two other systems.

But, in any case on the three systems, the total UL pro-
cessing times remain acceptable for a mobile broadband use
case. The only real limit on processing time for the network
to remain functional is to not be so long as to saturate pro-
cessing. In the way the network is configured, only one slot
is dedicated to UL over a 5 slots TDD period while UL pro-
cessing is managed sequentially by a single dedicated thread
at the top level in the software stack. Then, processing of
one UL slot shall be completed on average within 5 slots or
2500us to not saturate the UL processing thread.

DL High-PHY. In the DL direction, we observe as well
an advance of the HP-GPP system. Meanwhile, the systems
with HAs complete the processing of a DL slot in comparable
times except, again, the E-GPP & RFSoC system in the case
it is shared, in which case the higher percentiles of the pro-
cessing time distribution show extremely high values. The
maximum processing time could be as high as 1038us which
represents an increase of 68% compared to the maximum of
617ps for one instance.

Acceptable total DL processing time are bounded by the
timing advance with which DL slot processing is started
ahead of the over-the-air time which is configured on our
network to 7 slots or 3500us. Long slot processing times
should as well not saturate DL processing. 3 full slots and a
part of the shared slot are dedicated to DL per 5 slots TDD
period while DL processing is managed sequentially by a
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Figure 4: Distribution of High-PHY processing time
of a slot. Whiskers are first and last deciles. Fliers are
minimum, 99th and 99.9th percentile and maximum.

single dedicated thread at the top level in the software stack.
Then, the processing of a DL slot shall complete on average
in less than one slot and a quarter or 625ps in order to not
saturate the DL processing thread.

Further use cases. The conclusion would be different if our
purpose was to implement an ultra-reliable and low-latency
network that can require a guaranteed latency as low as 1ms
with a reliability up to 99.999% which does not leave room for
absorbing outstanding processing times. A deeper study on
the reliability of networks and solutions to the issue within
this deployment would be relevant.

4.3.4 Computing resource usage. The High-PHY processing
times show a superiority of the HP-GPP system when it
comes to providing guarantees on completion times. On the
other hand, the O-DUs on the E-GPP & RFSoC and vRAN-
SoC systems behave satisfactorily with regards to the mobile-
broadband performance target we set. In addition, the level of
usage of the computing resources is better on the E-GPP & RF-
SoC and vRAN-SoC systems, on which we managed to host
the number of O-DUs we initially expected, while, on the
HP-GPP system, 16 cores remain unused with only 5 O-DUs.

4.3.5 Energy efficiency. We are able to measure the intake
electrical power at the power supply on the three systems
through a standard Redfish [11] management interface. We
measure this consumption with the maximum number of
0O-DUs and throughput tests ongoing.

The total consumption of the HP-GPP system with 5 O-
DUs is 558W which is almost 112W per O-DU. Meanwhile,
the power consumption is only 288W for the E-GPP & RFSoC
system with 7 O-DUs which is almost 41W per O-DU and
263W for the vVRAN-SoC which is almost 88W per O-DU
with 3 O-DUs.



A framework for experimental dense vVRAN deployments

4.4 Lessons from the deployment

Although this deployment does not exhaust at all the net-
working use cases that could be implemented with vRANs
and the three systems, it still enables us to learn a lot on the
abilities and behaviors of the computing systems in intensive
computing conditions and to conclude on their fitness for
different use cases.

The combination of targeted acceleration and an efficient
GPP in the E-GPP & RFSoC system provides a clear supe-
riority in term of computing resource and energy usage
efficiency for implementing a mobile-broadband QoS but
suffers from an unpredictable behavior when the comput-
ing resource is shared, which would be as is a true problem
for implementing ultra-reliable and low-latency networks.
Meanwhile, the high-performance processor of the HP-GPP
offers a predictable behavior and high performance in phys-
ical layer processing which may turn in a true advantage
for seamlessly implementing ultra-reliable and low-latency
networks. But this performance comes at the cost of a sub-
optimal efficiency which disqualifies this solution when more
efficient solutions can achieve the target QoS. Finally, the
vRAN-SoC system may offer a compromise with a better
predictability of the behavior of computing than the E-GPP
& RFSoC system at the same time as a better efficiency than
the HP-GPP system. But this system is still rather weak es-
pecially regarding UL computing. Its performance may still
be improved though, as we will discuss.

5 Discussions
5.1 Achievements

We addressed some of the main technical challenges in or-
der to implement an efficient deployment of vRANs using
OpenAirInterface, which were:

o To modify the stack in order to use it in a dense de-
ployment of vRANS. It means mostly to support and
use efficiently the targeted computer architectures.

e To configure the stack to optimize its usage of the
computing resources.

o To execute in parallel several vRANs on each system.

e To record performance indicators that enable to com-
pare different alternative computer architectures and
identify behaviors of interest.

This work can be used as a framework or referential for
conducting further studies on new computing solutions for
vRANS. This framework also enables large deployments of
VRANS based on an open-source RAN stack with rationalized
computing infrastructure costs.

Instructions and materials to reproduce this framework
are made freely accessible in [8].

WINTECH ’26, October 26-30, 2026, Austin, TX, USA

5.2 Limitations & Enhancements

The vRAN deployment we achieved still has significant limi-
tations and improvements can be made

5.2.1 Computing architectures support. First of all, additional
computing architectures could be supported or better sup-
ported in the OpenAirInterface stack.

VRAN-SoC support. The vRAN-SoC system would benefit
from improvements of UL High-PHY routines in the Ope-
nAirInterface stack. Indeed, we saw in section 4 that although
channel decoding times on the VRAN-SoC system are com-
parable with other systems, total High-PHY UL processing
times are, on the other hand, always rather high. Especially
the Maximum Likelihood (ML) demodulation could be signif-
icantly sped up. Then, further capabilities of the VRAN-SoC
architecture could be leveraged by the stack such as the Fast
Fourier Transform (FFT) function of the 'vVRAN Boost” HA
or the AVX512-FP16 [18] instruction set extension.

Arm processor & HA. Architectures relying on an Arm64
processor accelerated with a HA are an alternative to AMD64
based architectures. We are working on enabling the Ope-
nAirInterface stack to leverage this kind of architectures,
such as NVIDIA’s Grace Hopper 200 system which features
an Arm Neoverse V2 based processor and a GPU as HA [7].

AMD Versal. The T2 HA of the E-GPP & RFSoC system
was discontinued by AMD. An alternative are the newer
AMD Versal RF Series SoCs. The Versal RESoCs feature only
LDPC decoding accelerators and no LDPC encoding accel-
erators [6]. LDPC encoding should be implemented on the
host system processor. It renews the question of the most ap-
propriate architecture for the processor of the host between
the efficient Zen5c and the high-performance Zen5 [3].

5.2.2  Limitation with regards to virtualization. The OpenAir-
Interface stack and the deployment we achieved still diverge
from the fundamental concept of VRAN in some regards
while this concept could enable interesting improvements.

Processor cores. Concurrency between vRAN instances or
even with other best-effort tasks is not possible. Solutions
have been proposed to address the problem of protecting the
real-time behavior of a RAN stack on top of shared processor
cores. A vVRAN aware scheduler interleaves tasks in a way
that vRANSs do not lack the computing resources they need at
the moment they need them. This is for example the approach
offered with Concordia [13].

Another constraint is that processor cores have to be set
to their maximum frequency and sleep states disabled which
is harmful for the energy efficiency while it could be avoided
with an appropriate control system such as RENC [16].

O-RAN AAL. OpenAirInterface could also better leverage
the O-RAN AAL which offers the ability to distribute oper-
ations to several implementations, either HAs or software
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libraries. This ability can be used to reinforce the reliability
of VRANs on a shared computing infrastructure. For instance,
CloudRIC [23] provides an industry-grade real-time behavior
for several vVRAN instances sharing a HA and a pool of GPP
cores through AAL. YinYangRAN [22] provides a sharing
mechanism to co-locate an AAL compatible RAN workload
and best-effort workloads on a GPU.

5.2.3 Networking scenario limitations. This work involved
FR1 RANs with numerology 1 which are not as challeng-
ing in term of real-time requirements as FR2 RANs with
numerology 3 and completion deadlines 4 times shorter. The
FR2 use case was implemented by Savannah [20] using AAL
and the Intel ACC 100 HA but without considering to share
the computing infrastructure. The OpenAirInterface stack
supports the FR2 spectrum with numerology 3 and the 7.2
split. Then, it may be possible to carry out a study similar to
the present work in the FR2 spectrum in the future.

This work doesn’t involve neither massive MIMO RANSs.
Massive MIMO configurations are currently not achievable
end-to-end with OpenAirInterface which at best implements
a 8T8R MIMO cell with two 4T4R O-RUs. Massive MIMO
RUs supporting the O-RAN 7.2 fronthaul are hard to find.

6 Conclusion

In this work, we introduced a framework based on the Ope-
nAirInterface 5G RAN stack for experimenting with vRANs
in high-efficiency computing conditions. It enables dense
vRAN deployments on top of computing systems designed
for RAN physical layer workloads and to observe the behav-
ior of these systems in these operational conditions. This
framework can be used for the rational implementation of
medium to large scale networking experiments as well as for
studies on efficient computing for RANs.
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