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OPEN RAN – MOTIVATION: PLATFORM EVOLUTION
From a single purpose device to a general purpose hardware

Open RAN – network performance in the lab and in the field
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OPEN RAN: HIGH LEVEL ARCHITECTURE

Open RAN is a cooperation between radio technologies, transport network,

cloud data storage, network management and RIC control, time synchronization and security

5GC O-CU O-DU O-RU

Service management, network orchestration, 

non-realtime and realtime RAN intelligent controller (RIC)           

Core
cloud

Regional
cloud

Edge
cloud

synchronization

Open RAN – network performance in the lab and in the field
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OPEN RAN TERMINOLOGY (SOURCE ERICSSON)
Open RAN
Industry term for open radio access network architecture.
This includes RAN with open interoperable interfaces, RAN virtualization, Big Data and AI-enabled RAN.

O-RAN
Refers to the O-RAN Alliance, creates standards covering three different areas: RAN disaggregation, RAN automation 
and RAN virtualization. The O-RAN specifications complement the 3GPP specifications by defining interface 
profiles, additional new open interfaces and new nodes.

OpenRAN
Refers to initiatives driven by TIP’s OpenRAN Project Group.

vRAN
(‘v’ stands for virtual) denotes the development of 5G RAN as it becomes software-defined and programmable.
Operators deploying Open RAN can choose between 3GPP-based vRAN or O-RAN architectures.

Cloud RAN
Is a virtualized RAN that is designed to be cloud native, built on a future-proof architecture and incorporating key elements 
such as microservices, CI/CD (continuous integration and deployment) and containerization.

MEC
Mobile Edge Computing, MEC, or Multi-Access Edge Computing, can provide execution resources (compute and storage) 
for applications with networking closer to the end users

Open RAN – network performance in the lab and in the field

https://www.o-ran.org/
https://telecominfraproject.com/
https://www.ericsson.com/en/cloud-native
https://www.ericsson.com/en/ci-cd
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O-RAN ALLIANCE:
Reshaping the industry to boost innovations and openness

Open RAN – network performance in the lab and in the field

Virtualized 

network 

elements

White-box 

hardware

Standardized 

interfaces

Open RAN Alliance  

mission is to re-shape

the RAN industry 

towards more intelligent, 

open, virtualized and 

fully interoperable 

mobile networks.

Leading global mobile 

operators drive the 

O-RAN initiative in 

order to: 

• Avoid vendor lock-in

• Reduce cost

• Boost innovation

• Enable new 5G 

business models
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O-RAN COMMUNITY EVOLUTION

.

Fast increasing O-RAN community, including 30 leading MNOs and > 290 contributing 

members from the industry ecosystem 3.5 years after foundation. 

[Sources: 

https://www.o-ran.org/membership

https://www.thefastmode.com/technology-solutions/16523-o-ran-alliance-tip-team-up-to-develop-interoperable-open-ran-solutions

https://www.ngmn.org/ngmn-news/press-release/ngmn-and-o-ran-alliance-sign-co-operation-agreement.html
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Operator members

Contributing members

Founded in Feb. 2018 by 

by leading operators 

including AT&T, T-Mobile, 

Orange, China Mobile, 

NTT Docomo

Open RAN – network performance in the lab and in the field

Liaison agreement

with TIP in Feb. 2020  

Cooperation agreement 

with NGMN in Dec. 2020

https://www.o-ran.org/membership
https://www.thefastmode.com/technology-solutions/16523-o-ran-alliance-tip-team-up-to-develop-interoperable-open-ran-solutions
https://www.ngmn.org/ngmn-news/press-release/ngmn-and-o-ran-alliance-sign-co-operation-agreement.html
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OPEN RAN – THE HOLISTIC PICTURE

Open RAN – network performance in the lab and in the field

Data center sites Central sites Cell sites Antenna sites

Making the RAN flexible, smart and agile. 

=>There is more than one interface

=> There is a dependency between interfaces and network functions

Central Cloud

INTERNET

Edge Cloud

UPF O-DU O-RUO-CUUPF

AUSF NEF

PCF

SMF AMF

UDM

~100 ms >10 ms ~10 ms ~1 ms >1 ms 

Core Cloud

Realtime intelligent control (RIC)

Latency from UE

Open network automation platform (ONAP), service management & 

orchestration (SMO)
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3GPP FUNCTIONAL SPLIT 

Open RAN – network performance in the lab and in the field

TR 38.801 describes several proposals of functional split between CU and DU

Real-time and latency requirements + higher data rates

Least demanding transport network data rates + relaxed timing
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O-RAN INITIATIVE HLS AND LLS COMBINATION

Open RAN – network performance in the lab and in the field

RRC PDCP
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Option3 Option4 Option5 Option6 Option8Option1

Centralized unit (CU) O-RAN distributed unit (O-DU) O-RAN radio unit (O-RU)

Double split option to bridge between centralization, data rate requirements and multi-radio coordination

☺ RU complexity low + disaggregation, open but standardized interfaces => multi-vendors

 Requires additional standardization as complement to 3GPP + interoperability

Option 7 
Low layer 
split (LLS)

Option 2
High layer
split (HLS)
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RAN DISAGGREGATION – VARIOUS SPLIT OPTIONS

Open RAN – network performance in the lab and in the field
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REAL WORLD: VARIOUS CU, DU AND RU COMBINATIONS

Open RAN – network performance in the lab and in the field

Centralized unit 
CU

Distributed unit 
DU

Radio unit RU
(part of DU)

NG
backhaul

NG Uu

RLC/MAC

5GC O-CU O-DU O-RU
F1

midhaul

eCPRI
fronthaul

NG
backhaul

5GC CU S-DU S-RU
F1

midhaul

nFAPI
fronthaul

O-RAN concept Small cell forum (SCF) concept

NG
5GC O-CU O-DU O-RU

eCPRI NG
5GC O-CU O-DU O-RU

NG
5GC O-CU O-DU O-RU

F1 O-RAN fronthaul

Split option 7-2

5GC
F1

3GPP standard Rel. 15

Accelerator unit (separate 

vendor but logical same unit)

NG
5GC O-CU O-DU O-RU

F1

O-RAN fronthaul

Accelerator unit (separate 

vendor but logical same unit)

3GPP option 6, also 

by SCF: nFAPI

RLC/MAC

HIGH PHY

HIGH PHY

Various deployment options and mixed concepts
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O-RAN
FRONTHAUL INTERFACE

Open RAN – network performance in the lab and in the field

User data
Ethernet 

transport, 

e.g. eCPRI Control & management

Synchronization

Real-time control

User data

Management

Management

O-RAN CU

O-RAN DU

O-RAN RU

SDAP

PDCP

MAC

Higher PHY

Control + User data + Synch

RLC

Control + User data + Synch

Lower PHY

Radio frequency, RF

RRC

PDCP

User planeControl plane
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O-RAN INITIATIVE: LOWER LAYER SPLIT (LLS) DETAILS

Open RAN – network performance in the lab and in the field

Physical channels

Scrambling

Modulation

Layer mapping

Precoding

RE mapping

IQ compression

IQ de-compression

Digital beamforming

IFFT + Cyclic prefix

Digital/analog conversion

Analog beamforming

Physical channels

De-Scrambling

De-modulation

Layer de-mapping

Precoding

RE de-mapping

IQ de-compression

IQ compression

Digital beamforming

FFT + CP removal

Digital/analog conversion

Analog beamforming

O-RAN option 7_2

Two categories A or B 

(precoding in DU or RU)

Option 8
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O-RAN CERTIFICATION AND BADGING CONCEPT

Open RAN – network performance in the lab and in the field

Provides test specs and 

guidelines of conformance, 

interoperability and E2E 

testing

=> O-RAN TIFG is the 

governing body

O-RAN test & integration 

center (OTIC)

Reproducible, 

stored, 

reported, 

determined

Certificates per DUT 

(conformance), pair 

of DUT (IOT) or DUT 

group (E2E)

Plugfest

OTIC report

Results, 

experiences, 

best practices
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PROFIT FROM R&S COMPETENCE FOR O-RAN TESTING

Open RAN – network performance in the lab and in the field
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O-RAN FH conformance testing verifies 

proper behaviour of fronthaul interface

O-RAN TESTING ASPECTS - OVERVIEW

Open RAN – network performance in the lab and in the field

5GC O-CU O-DU O-RU
NG interface F1 interface

Uu interface

O-RAN fronthaul

3GPP testing 

verifies RF 

aspects

O-RAN interoperability testing verifies 

proper interworking of two network entities, 

i.e. O-DU and O-RU

O-RAN E2E testing verifies KPIs of system or O-RAN subsystem
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TEST AND VALIDATE YOUR O-RU

Open RAN – network performance in the lab and in the field

Integrated test set-up compliant to
3GPP & O-RAN Fronthaul Conformance Specifications
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O-RAN FRONTHAUL CONFORMANCE TESTING OVERVIEW

Open RAN – network performance in the lab and in the field

Ethernet transport, e.g. eCPRI

Signal 

analyzer

Verify that user data on 

fronthaul interface is 

mapped properly onto 

RF (TX and RX) 

Verify that scheduling or 

beamforming 

commands are properly 

executed on RF 

interface
Verify that DUT syncs 

properly to reference 

time

Verify that DUT 

connects properly to 5G 

system and can be 

managed properly O-RU as DUT

User data

Control & management

Synchronization

Real-time control 

User data

Signal 

generator
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O-RAN FRONTHAUL INTERFACE – TRANSPORT PROTOCOLS

Open RAN – network performance in the lab and in the field

O-DU 

emulator O-RU

O-RAN fronthaul conformance testing: We use the air interface

to verify that the user plane data is mapped according to the 

real-time control plane scheduling commands

Testcases 

classified 

into:
TDD

FDD

FR1

FR2

Conducted

OTA

User data

Control & management

Synchronization

Real-time control 

User data

Time reference

Signal generator / 

analyzer
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OPEN RAN IN-FIELD TESTING STRATEGY 

► Open RAN E2E system testing for Engineering and 

Optimization

− Engineering in pre-commercial phase (before roll-out)

− Lab testing and Field trials

− Site Testing and Performance Tuning after deployment

− Optimization and troubleshooting in operational networks

► QoS/QoE testing

− Established quality baseline verification applies to Open RAN

− E2E Quality Benchmarking

− Compare different vendors and RAN architectures

− E2E Quality Monitoring

− 24/7 surveillance of the capacity, stability and integrity

Open RAN – network performance in the lab and in the field

Analytics &
Reporting
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O-RAN CHALLENGES AND 
IMPACT ON TESTING 

Open RAN – network performance in the lab and in the field

Source: 

► Fair evaluation of network performance 

in field (End-2-End) from end-user 

perspective

► Benchmarking the network quality of 

Open RAN vs. single vendor networks

► Mobile Network Testing helps to overcome the Network Performance challenge
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PROFIT FROM R&S COMPETENCE FOR O-RAN TESTING

Open RAN – network performance in the lab and in the field

Evaluate and compare 
the O-RAN
network performance 

OTA verification of 
O-RAN cell 
synchronization  
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EVALUATE OPEN RAN NETWORK PERFORMANCE

Open RAN – network performance in the lab and in the field

NG
backhaul

5GC O-CU O-DU O-RU
F1

midhaul

eCPRI
fronthaul
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backhaul

5GC CU S-DU S-RU
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midhaul
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O-RAN concept

Small cell forum (SCF) concept
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Single vendor concepts

INTERNET

… 5G NR network
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EVALUATE OPEN RAN NETWORK PERFORMANCE

Open RAN – network performance in the lab and in the field

NG
backhaul

5GC O-CU O-DU O-RU
F1

midhaul

eCPRI
fronthaul

NG
backhaul

5GC CU S-DU S-RU
F1

midhaul

nFAPI
fronthaul

O-RAN concept

Small cell forum (SCF) concept

NG
5GC O-CU O-DU O-RU

eCPRI

NG
5GC O-CU O-DU O-RU Uu

Single vendor concepts

INTERNET

… 5G NR network

End users require same quality

→ 5G NR network is a black box5G NR network

► Fair and comparable end-to-end Quality of Experience testing needed (→ ETSI TR 103559)



Rohde & Schwarz

ETSI METHODOLOGY USED ON GLOBAL SCALE

Open RAN – network performance in the lab and in the field

“TR 103 559 describes its scoring method with full transparency for the benefit of implementers, 

network providers and regulatory authorities, and has been applied on a global scale”.

(Source: Enjoy! THE ETSI MAG, July 2021)   

ETSI - TR in August 2019

► Harmonized method:

measure, weight, aggregate 
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Network Performance Score (NPS)

Open RAN – network performance in the lab and in the field

► Technology-agnostic and transparent

► Makes different networks/countries/regions and different RAN architectures comparable 

Highway Test campaign

Highway score

Overall
network
score

City score
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COMPARING NETWORK PERFORMANCE OF 
OPEN RAN WITH SINGLE VENDOR REGIONS 

Open RAN – network performance in the lab and in the field

NG
backhaul

5GC O-CU O-DU O-RU
F1

midhaul

eCPRI
fronthaul

O-RAN concept

NG
5GC O-CU O-DU O-RU

eCPRI

NG
5GC O-CU O-DU O-RU

Single vendor concepts

INTERNET

NPS abc
with all available details

NPS xzy
with all available details

► ETSI TR 103 559 used as harmonized method 

► Fair comparison of perceived quality end-to-end (end user perspective) 
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NETWORK SYNCHRONIZATION: 
O-RAN cell synchronization measured over-the-air   

Open RAN – network performance in the lab and in the field

SSB 1

SSB 1

O-RU1

of operator 1

O-RU2

of operator 1

DL UL DL FDL DLF UL DL

Uplink / Downlink symbols in 

TDD networks

SSB0

SSB0

O-RU2 is Out of Sync

SSB sequence is received later

PPS time

PPS time

SSB1 SSB2

SSB1 SSB2

Time of arrival (ToA) 

measurements of SSBs

or O-RU

of operator 2 (even in adjacent frequency band)

DL UL DL FDL DLF UL DL

Subcarrier Spacing Symbol length

15 kHz 66.7 µs

30kHz 33.3 µs

60 kHz 16.7 µs

120 kHz 8.3 µs

… …

► DL of O-RU1 interferes with UL of O-RU2

► Interference in time domain



Rohde & Schwarz

NETWORK SYNCHRONIZATION: 
Measurement results (failure case)

Open RAN – network performance in the lab and in the field

► Typically, asynchronous cells have a difference of a few 100’s µs

3.073 ms – 0.076 ms = 3 ms

time difference!

Completely out of sync!

ToA = the difference of 

SSB reception to PPS (GPS)
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NETWORK SYNCHRONIZATION: 
Measurement results (successful)

Open RAN – network performance in the lab and in the field

► Open RAN synchronization measurements suitable in field as quick feasibility check

Difference is < 9 µs

Difference is < 9 µs

Difference between SSB 0 

and SSB 1 is ~ 200 µs

ToA measurements are done as drive tests (large area in short time) → target: detect outliers!
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OPEN RAN TEST SOLUTIONS OF 
R&S MOBILE NETWORK TESTING 

Engineering

• Function

• Network Access

• Mobility

• Scheduling

• Performance

• Throughput DL / UL

• Latency

• Interactivity

Site testing / 
Optimization / 
Troubleshooting

• Coverage

• Interference hunting

• Time synchronization

• EMF verification

• Performance

• Throughput DL / UL

• Latency

• Interactivity

QoS / QoE

• Data services

• Data transfer

• Web content 

• Voice

• VoLTE / EPS Fallback

• VoNR

• Video Streaming

• Video Call

Open RAN – network performance in the lab and in the field
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QualiPocAndroid

R&S®ROMES4

R&S®TSMA6

R&S®5G STS

SmartBenchmarker

SmartMonitor

SmartAnalytics

Open RAN – network performance in the lab and in the field

OPEN RAN TEST SOLUTIONS OF 
R&S MOBILE NETWORK TESTING
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Conclusions

Open RAN – network performance in the lab and in the field

O-RAN Alliance specifications complement 3GPP baseline

www.rohde-schwarz.com/wireless/O-RAN

Multiple RAN disaggregation options allow for multiple implementations from multiple players

→ Additional interoperability / conformance / time synchronization / security requirements 

In-field evaluation and comparison of Open RAN network performance using the well-

established ETSI TR method are essential for the success of O-RAN architecture  

Network Synchronization needs to be verified – asynchronous cells are a potential and 

probable source of interference in Open RAN networks 

► Rohde & Schwarz is your test solutions supplier for 3GPP and O-RAN conformance and 

network performance in the lab and in the field

http://www.rohde-schwarz.com/wireless/O-RAN


Thank you for listening.

OPEN RAN –
NETWORK PERFORMANCE 
IN THE LAB AND IN THE FIELD

www.rohde-schwarz.com/wireless/O-RAN

http://www.rohde-schwarz.com/wireless/O-RAN

