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Concept and Objectives
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The practical experimentation with 3GPP networks has been historically reserved
exclusively to network equipment vendors and telecommunication operators, primarily due
to high equipment costs and licensing constraints.

In recent years, the state of play has been changing with the advent of open source 3GPP
stacks based on increasingly more affordable Software Defined Radio (SDR) systems.

In this context, OpenAirinterface (OAl) emerges as an open-source initiative that provides a
reference implementation of 5G gNB, User Equipment (UE), and 5G core network (5GC),
standard compliant with 3GPP NR Release 15 and that runs on general purpose x86
computing platforms along with off-the-shelf SDR hardware platforms like USRPs.
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Concept and Objectives
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OAIl RAN roadmanp.
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- DL 100/200/250 Mbps for 40/60/80 MHz, UL 30 Mbps
Support for 15kHz 5CS
Basic support for multiple bandwidth parts

..

Improve throughput *+ SDAP suppart
+ LDPC offioad to T1 Telco card

F1 basic interoperability with Accelleran CU
Support O-RAN E2 interface

[ intheprocess
/-' to be merged

Improve throughput

- DL 350/700/875 Mbps for 40/60/80 MHz

DL MIMO: handling PMI up to 4 layers

O-RAN 7.2 support

nFAPI interoperability testing (with NVIDIA Aerial)

Full support for Xilinx T1 Telco card and commercial RRU

E1AP and CU-CP/UP separation, basic handling of muitiple DUs \‘.
Support for DL localization signals (Rel.16)

FR2Z basic NSA interoperability: verification of initial access

procedures

Multiple UEs: initial test and support

F1 extended interoperability testing

URLLC round-trip time down to S5ms 7

+ Improve throughput: UL 60 Mbps for 40 MHz
+ Support for multi-antenna SRS
+ LIL MIMO support (2x2)

Test and support of 64 UEs
FR2 NSA interoperability: beamforming procedures
2-step RACH (Rel.18) ]

Support of O-RAN interfaces (E2, 01)
FR2 SA support
Support for Non (Rel.17)

UL MIMO support (4x4)

» Handover Proceduras

+ URLLC round-trip time down to 2ms

.

Support for short-data transmission
(Rel.17)
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Concept and Objectives ,.,..

FEDAFIRE

* The OAI code can be adapted to different use cases and deployment
and new functionality can be implemented, making it an ideal platform
for both industrial and academic research on 3GPP networks.

* The main objective of the 5GFed experiment is to integrate and test
the latest OAI 5G NR standard-compliant implementation within two
Fed4FIRE+ testbeds: IRIS (TCD) and CityLab (imec).
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Concept and Objectives
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End-to-end implementation of OAlI 5GNR in the IRIS testbed
Interoperability test between OAI gNB and COTS UE (Quectel RM500Q).
* TDD configuration, 30kHz SCS (Subcarrier Spacing)

*  Downlink configurations: 256 QAM max, 60 MHz bandwidth (162 PRB), single layer
Uplink configurations: QPSK max, 60MHz bandwidth (162 PRB), single layer
iIPerf UDP between OAI CN5G and QUECTEL RMSOOQ
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Project results

* End-to-end implementation of OAI 5GNR in th

“*demo-oal (sctp || vdp)
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e IRIS testbed (TCD)

75.014984190

gNB <> CN5G

Frame 19: 126 bytes on wire (1008 bits) 08 bits) on interface demo-oai, id 8
Ethernet 11, Src: 82:42:6d:ec:dc:63 (02 02:42:¢0:28:46:84 (02;42:00:88:46:84)
Internet Protocol Version 4, Src: 192.168.70.129 168.70.132
+ Strean Control Transmission Protocol, Sre Port: 38412 (38412), Dst Port: 38412 (38412)

NG Application Protocol

=== INTERFACE

OPEN AIR

42 co a8 46 84 82 42 6d ec dc 63 08 08 45 8 F Bnoc E
00 70 90 01 40 09 40 B4 2D b1 COAB 46 8L cOAd D 08 + F
46 84 960c5% 0502091 18830003 F S

frame (126 bytes)  Bitstring tvb (4 bytes)  Unabigned OCTET STRING (1 byte)  Unaligned OCTET STRING (1 byte)

7 _wireshark_demo-0aiNS2CD1 peapng Packets: 641521 - Displayed: 19 (0.0%) __ Profie: Defaul

g iET EGE]

201 Mbps
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Project results

Activities XForm ¥

*, user -PC: ~/openalrinterface5g/cmake_targets/ran_bulld/build

[NR_PHY] Adjusting frame in time by -1 samples
[NR_PHY] Adjusting frame in time by -1 samples
[NR_PHY] Adjusting frame in time by samples
Adjusting frame in time by -2 samples
DCI false positive. Dropping DCI index 2. Mismatched bits: 186/216. Current DCI threshold:
Adjusting frame time by -4 samples
[996.1] R ved TA_CO! TAGID id ®
Adjusting e samples
Adjusting fr e 3 sampl
Adjusting f e in t -3 samples
Adjusting frame i samples
[1066 Received TA_COMMAND 31 TAGID
Adjusting frame in time by -3 samples
Adjusting frame in time by samples
Adjusting frame in time by -3 samples
Adjusting frame in time by samples
[1016.1] Received TA_COMMAND 31 TAGID
Adjusting frame in time by samples
Adjusting frame in time by samples
Adjusting frame in time by samples 1 Ratios (LR, mag PBCH 140 of MF Output

FEDZFIRE

NR DL SCOPE UE 0

Charne! Inpulse Respon

Harq round stats for Downlink: 4096/197/196/189 DLSCH errors:

Adjusting - samples

[2.1] Recelved T A ccide

Adjusting frame 1 e -2 . i

Adjusting frame in t -2 samples Log-Likel ihood Ratios (LLR, PICCH 1/0 of W Output
Adjusting frame in
[12.1] Received TA_C
Adjusting frame in tir 52 s £ 1500
Adjusting frame in 1
Adjusting frame in

Adjusting frame in time by samples 500
[22.1] Recelved TA_COMMAND TAGID 2 1000 - W
Adjusting frame in time by -1 samples *1

Adjusting frame in time by samples
Adjusting frame in time by -4 samples . . S—
Adjusting frame in time by samples 5 a0 1 1 00 1000 O 100
Adjusting frame in time by samples PDSCH Log-Likelihood Ratios (LR, PISCH 1/0 of ¥ Output

LLLLLLLLUL[NR_PHY] Adjusting frame in time
MAC]  [33.5] Received TA_COMMAND 31 TAGID 2
PHY] Adjusting frame in time by -4 samples

_PHY]  Adjusting frame in time by -1 samples

_PHY] Adjusting frame in time by samples

2 PHY] Adjusting frame in time by -4 samples

MAC]  [42.1] Received TA_COMMAND TAGID 2

C ]
“PHY]  Adjusting frame in time by samples
R_PHY]  Adjusting frame in time by -4 samples
_PHY]  Adjusting frame in time by -3 samples

PHY] Adjusting frame in time by samples

] Adjusting frame in time by -3 samples .
MAC]  [52.1] Received TA_COMMAND TAGID 2 CC_id @
Pl Adjusting Frame n tine by -3 samples CO elarTio

_PHY]  Adjusting frame in time by -3 samples

FISCH The
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* End-to-end implementation of OAI 5GNR in the testbed CityLab (imec).

imec testbed
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Indoor testing @ imec
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Configuration Bandwidth [MHz] DL throughput [Mbit/s]
SISO 40 123
SISO 60 188
MIMO 2x2 40 184
MIMO 2x2 60 240

11
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5G NR SA indoor testing using MIMO 2x2, 60 MHz bandwidth and reaching DL 240 Mbps.
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Project results
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* Qutdoor testing @imec

NR DL SCOPE UE 0

5G NR SA outdoor testing using MIMO 2x2, 60 MHz, 95 m LOS, reaching DL 58 Mbps and UL 4 Mbps.
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Allbesmart has published a tutorial to allow the OAI community to
replicate the 5GFed experiment. The tutorial is available in the gitlab
repository from EURECOM.

13

=+~ | [A NR_SA_CN5G_gNB_N300_COTS_UE Tutorial.md [f 7492

OAI 5G SA tutorial

|||||||||

TABLE OF CONTENTS

. Scen
2. OAl CN5G
| CN5G pre-requisites

3. OAl CN5G Configuration files
4, SIM Card

3. 0Al gNB
1. OAI gNB pre-requisites

Ul g
4, Run OAl CN5G and OAI gNEB with USRP N300
1. Run OAI CN5G
2. Run OAl gNB
5. Testing with QUECTEL RM500Q
1. Setup QUECTEL

3. Downlink iPerf test
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* Fed4FIRE+ has provided a unique opportunity for Allbesmart to have
access to state-of-art Software Defined Radio (SDR) testbed
infrastructure.

* This experiment helps us to speed up our developing and testing phase
and position the company as a player in the emerging market of 5G
open-source solutions.

* This experiment has allowed us to mature the technology sufficiently to
offer it to our commercial partners and to approach potential new
partners for proof-of-concept testing and trials.

* Allbesmart wants to leverage its OAIl deep expertise to provide
consultancy services on OAIl implementations of 3GPP 5G NR protocol
stack to accelerate 5G product development and innovations.
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Business impact

* Thanks to this experiment, IRIS and CityLab testbeds will be able to
provide end-to-end 5G open-source implementation for protocol
testing, contributing to the sustainability of the Fed4FIRE+ project.
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* A very good point is that in OC projects the level of administrative
burden for experimenters is very low compared with other H2020

projects.
* Excellent support from TCD and imec teams.
* The documentation available was sufficient to run the experiment.

* We aim to build on top of this experiment and strength the
collaboration with TCD (Open Ireland testbed) and imec on open-
source solutions for 5G and beyond.
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- Co-funded by the Co-fundad by the
European Union Swiss Confederation

This project has received funding from the European Union’s Horizon
2020 research and innovation programme, which is co-funded by the
European Commission and the Swiss State Secretariat for Education,
Research and Innovation, under grant agreement No 732638.

MANY THANKS TO FED4FIRE+

AND TO
THE TCD AND IMEC TEAMS |
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