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Goal/Challenge

Having an End-to-End
working 5G SA setup for research purposes!

5G Acceleration Goals: 
Low Latency (~ 1ms)

High Throughput (> 1 Gbit/s)
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5G Standalone vs. 5G Non-Standalone
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“new frequencies, old architecture
and protocols”
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The 5G Standalone Architecture
“The Internet meets SDN”

Data Network
“Internet”???
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Figure source: 3GPP 23.501: Figure 4.2.3

Data/User Plane

Control Plane

User Equipment

“service based
architecture” - SBA
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1. A 5G end-to-end setup
A basis for research
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5G-Setup for data plane research

 5G Standalone

 Theoretically ~600 Mbit/s (Uplink + Downlink)

 Basis for future research

5G-Basestation
(RAN)

Internet

N4

UPF

“control plane
only”

N1+N2

available on GitHub
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5G-Setup @KOM

 5G Standalone

 Theoretically ~600 Mbit/s

 Basis for future research

5G-Basestation
(RAN)

DFG CRC 1053 - MAKI
Multi-Mechanisms Adaptation
for the Future Internet

Internet

N4

“KOM”-UPF

“control plane
only”

[DT] https://www.telekom.com/de/medien/medieninformationen/detail/erste-5g-standalone-daten-verbindung-in-deutschland-erfolgreich-620972

5G-Basestation
(RAN)

5GC
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It’s running
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In detail: Overall Setup

5G-core

 Free5gc

NAT/routing/switching

 Standard Linux tools

 “0815”-L2/L3 network

RAN

 Amarisoft Callbox

UEs:

 Huawei P40

 Oppo Find X2 Pro

 Oneplus 8T

 Waveshare SIM8200EA-M2-5G

v3.0.6 is working!
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2. Accelerate the user plane
How to make 5G fast
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History of Data Planes

“Forwarder”

Hardware

“Milestone”

2008 2009 2014Stone Age + x

standard
ASIC

 “Blackbox”

 Vendor-lock

standard
ASIC

 “Blackbox” 

“Whitebox”

 SDN

 Controller 

interface

 Still “fixed” ASIC

CPU
x86

 Just do it in C!

 Very flexible

 Standard server

 DPDK

 Performance?

 Efficiency?

programmable
ASIC-Pipeline

 Programmable

ASIC for packet 

processing

 Very high bandwidth

 Flexible

 “Software update”

ASIC = „Application Specific Integrated Circuit“ = purpose-build chip
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P4
Programming Protocol Independent Packet Processors

You all know it ;-)
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Acceleration Techniques
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3. A P4 UPF
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User Plane Function: PFCP Interface

Attach UPF <-> SMF

 SMF Registers at UPF

 In general: SMF is the “master”

UE Registration

 Establish PDU Session

UE Modification

 Update PDU Session

UE Release

 Delete PDU Session
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P4 UPF

Make the UPF fast

 Terminate GTP sessions in hardware

 Predictable good performance

 Low latency

P4-UPF design

 Golang UPF-Controller

 P4-based data plane 

 Future Work:

 FPGA-based QoS chip

 Hardware abstraction layer
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Lab Setup – P4+FPGA UPF

5G-RAN
Amarisoft

N6

UPF Acceleration N4

N3

UPF
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How to accelerate the User Plane Function (UPF)

The point of “failure”

 “non optimized” kernel space UPF of free5gc

 Xeon E5-2670v3
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4. O-RAN
… going beyond the paper
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What is a O-RAN user plane?

5G - Core5G - RAN Internet

O-RU O-CU

O-RAN 7.2 split

O-DU
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O-RAN @TU-Darmstadt

O-RAN

 Any Server(s)

 FPGA(s) for “DU”

 N * “blackbox” Remote Radio Units (RRU)

 Fronthaul Network with PTP timesync

Functionality

 Kubernetes (K8S)

 “just software”

 “Deploy RAN in 10 seconds”

 Replace RAN functionality

 Analyze behavior

Figure source: https://www.fibrolan.com/Falcon-RX, 
https://benetel.com/wp-content/uploads/2020/12/Benetel-5G-O-RU-RAN550-Product-Specification-Sheet-Dec-2020.pdf

RRU

https://www.fibrolan.com/Falcon-RX
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Next Steps

RAN

 OpenAirInterface5G

 Integration testing

 “Large Scale” O-RAN deployment

 Free5gc control plane

 P4-based UPF

 Accelerate the RAN

 Current O-RAN has only very basic acceleration 

Make the UPF Open Source

 Plan to release P4 UPF in Q2/2022

 Tofino +FPGA
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Interested in more?

Ralf Kundel et al., “User Plane Hardware Acceleration

in Access Networks: Experiences in Offloading

Network Functions in Real 5G Deployments,”

Proceedings of the 55th Hawaii International Conference

on System Sciences, 01/2022.
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DFG CRC 1053 - MAKI
Multi-Mechanisms Adaptation
for the Future Internet

Funded by:

© 2022, Technical University of Darmstadt

Many thanks for your attention!


