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C A P T U R E  G R O W T H  I N  N E W  5 G  V E R T I C A L  M A R K E T S  C A P E X / O P E X  C O N T R O L  

Why O-RAN is Happening Now?

Driving Forces

• Network Densification 

• Scalability limitations 

of traditional 

architectures 

• Proprietary Networks  

dependence

• Virtualization 

technology

• Increase Network 

Resource utilization 

(Slicing , Pooling)

• Same cost reduction 

as data Centers

• Power, Space Saving 

• Automation / 

orchestration

Operational Efficiency

• Capex Reduction  

(HW optimization)

• Opex Reduction 

• Revenue maximization

Objectives

Expected Gains

Keysight World
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M U LT I - V E N D O R ,  I N T E R O P E R A B L E ,  A U T O N O M O U S ,  R A N

O-RAN Alliance Overview 

Multi-vendor, Interoperable, 

autonomous, RAN

Open, Standardized 

interfaces

Global industry-wide vision, 

commitment and leadership 

Reference Design & 

Whitebox 

20+ Operators

130+ Manufacturers and other entities

Members Mission New Architecture

WG1

WG2

WG3

WG4

WG5

WG6

WG7

WG8

WG9

OSFG TIFG SDFG

Keysight World
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S P L I T S

gNB Disaggregation and O-RAN Splits 

• Split X.X Functional Split Option X.X Define points where the RAN chain is split between elements

• Split 7.2x Functional Split Option 7.2(“variable”) O-RAN chosen option to separate O-DU and O-RU

O-RUO-DU

Split 7.1Split 7.2Split 7.3

O-CU

Fronthaul Interface 

Keysight World

Layer 3 Functions Layer 2 Functions Layer 1 Functions
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O - R A N  C U S - P L A N E ,  M - P L A N E  

gNB Block Diagram and Protocols Mapping

H-PHY

MAC

RLC

PDCP

L-PHY

RF RF 

L-PHY

H-PHY

MAC

RLC

PDCP

O-RU

UE

O-DU

O-CU

Ethernet PHY

Ethernet MAC

eCPRI

CU M

PTP

SyncE

S

Yang

NetConf

gNB

CUS

eCPRI 

O-RAN
Ethernet PHY

Ethernet MAC

eCPRI

CU M

PTP

SyncE

S

Yang

NetConf

Keysight World
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O - R A N  T E R M I N O L O G Y  

gNB Disaggregation . H-PHY/L-PHY 

Multiple VendorsSingle Vendor

IQ Decompression

Precoding

Digital Beamforming

iFFT & CP Addition

Digital to Analog

Analog Beamforming

O-DU

O-RU

O-RAN Fronthaul

Radio Functional Split

Scrambling

Modulation

Layer Mapping

Precoding

RE Mapping

IQ Compression

…

H
-P

H
Y

L
-P

H
Y

Keysight World
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F O R M E R LY  C A L L E D  R E M O T E  R A D I O  H E A D

Radio Unit Block Diagram (O-RU)

Analog 

Beamforming 
Radio Unit

DAC

ADC

Transceiver

wrapper

Rx PCS

100 G

Tx PCS

100 G

Rx MAC

100 G

Tx MAC

100 G

L2 Rx 

Bridge

T2 Rx  

Bridge

100 Gbps Ethernet 

TSN Logic  
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FilterFilter
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Duplexer

DAC
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Front

End
Analog Up/Down 

Data 

Converters

DL IQ

Buffers

UL IQ

Buffers

DL IQ

Buffers

UL IQ

Buffers

Downlink Carriers  
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Uplink Carriers 

UL

C-Plane

Analog/ RFDigital 

ORAN

Beam

data
Coding

data

Comp

data

Meta

data

Beam

data
Comp

data

Meta

data

Management Plane M-Plane

Clocks

Analog

Beamforming

Control Logic

Synchronization Plane S-Plane

Digital Front End L1Ethernet

Test Strategy
Keysight World
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O-DU to O-RU 7.2 Split Communication

• O-DU knows which PRBs 

per OFDM symbol are 

empty and which are 

utilised

• O-DU performs FFT

• Only utilised PRBs are 

sent and signalled over 

the ORAN interface

• Signalling includes 

beam information 

• O-RU reassembles PRBs 

per OFDM symbol 

including the empty PRBs 

• O-RU performs iFFT

O-DU O-RUORAN Interface

(7.2x Split View)

O P T I M I Z E  F R O N T H A U L  B A N D W I D T H

Keysight World
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E C P R I / O - R A N  S TA C K  

O-RAN Protocol Standards Mapping 

• C_Plane – Signaling

• U_plane – IQ information

• S_plane – Synchronization

• M_Plane – Management 

O-RAN

User Data

(IQ Data)
eCPRI

C
-P

la
n
e

U
-P

la
n
e

S
-P

la
n
e

M
-P

la
n
e

O-RAN

MESSAGE FLOWS

• For each slot, C-Plane messages signals upcoming 

U-Plane messages containing data sections

• Timing windows to optimize O-RU buffer space and 

signal processing time

Frame

Departure

Time

• Describes the mapping of split points 

inside the Physical Layer

O-DU O-RU

Keysight World

eCPRI
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O-RAN Conformance & Interoperability

O-DU O-RU

Interoperability

Non Intrusive
Conformance 

Agree that only RU can be tested for conformance , and 

use interoperability for DU test

Keysight World
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• gNB disaggregation drives emerging needs for unit testing in isolation, 

and peer emulation (DU, RU)

Migration Towards Open Fronthaul Interfaces

Dist Unit

O-DU

Radio Unit

O-RU

Centr Unit

O-CU

RF

Timing

O-RAN

• Transformation towards Open Protocols require conformance and 

interoperability and performance test

• New Function Splits change 5G Radio Unit complexity and require new 

test capabilities 

• Critical relationship between RF, Timing, and Fronthaul Protocols

• FR1/FR2 3GPP radio test requires O-RAN deterministic stimulus and 

analysis   

Keysight World
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5G Core / EPC5G RAN / gNB

RF  

O-CUO-DUO-RU

O-RAN 

Fronthaul
O-RAN 

Midhaul Backhaul

UEs

RIC

UeSIM
UE Emulation RAN Solutions

CoreSIM
Core Simulation RAN Solutions

LoadCore
Core Network Solutions

RF & mmWave Test Edge-to-Core O-RAN Solutions

Keysight 5G Radio Access and Core Network Test Portfolio

E N A B L I N G  E N D  T O  E N D  T E S T I N G

Keysight World
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O-DU Emulation

O - R U  T E S T  I N  I S O L AT I O N  

O-RU Test Environment

OTA

Conducted

Ethernet PHY

Ethernet MAC

eCPRI

CU M

PTP

SyncE

S

Yang

NetConf
RF 

L-PHY

O-RUEthernet PHY

Ethernet MAC

eCPRI

CU M

PTP

SyncE

S

Yang

NetConf

O-RAN 

FH

Signal Analyzers
Signal Analyzers

Signal Analyzers
Signal Sources

Automated Test Suite
(Validation, Conformance, production)

• Deterministic test Vector generation

• Timing controlled stimulus

• Real-time analysis 

• Integration with test framework

Keysight World
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Comprehensive : O-RAN Stimulus and Analysis portfolio for uplink/downlink test

Compliant : O-RAN Standard CUS_plane (ORAN-WG4.CUS.0-v03.00) 

Configurable : Maximize and optimize O-RAN test coverage 

Cross Domain : for complete Radio RF / Protocol / Timing testing 

Integrated : with RF / mmWave instrumentation and applications 

C O M P L E T E  O - D U  E M U L AT I O N  P L AT F O R M  F O R  O - R U  ( R A D I O  U N I T )  T E S T I N G  

Keysight Open RAN Studio Solution

Open RAN Studio

O-DU Emulation  

5G

O-RU
O-RAN

Keysight World
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C O M P R E H E N S I V E  S O L U T I O N  F O R  O - R U  ( R A D I O  U N I T )  T E S T I N G  

Keysight Open RAN Studio

Open RAN 

Studio Builder

Open RAN 

Studio Explorer

Signal Studio 

for 5G NR 

Open RAN 

Studio Player 

Open RAN 

Studio Capture

FR2 

Radios 

Create 3GPP 

compliant 5G NR 

Waveforms

Construct O-RAN 

compliant CUS 

stimulus

O-RAN/eCPRI 

Protocols Decode 

5G NR Modulation 

Measurements 

5G

O-RU

IQ Extractor
89600 VSA

for 5G NR 

FR1 

Radios 

Ethernet

Keysight World
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A L L  C A PA B I L I T I E S  P R O V I D E D  I N  A S I N G L E  I N S T R U M E N T  

Down Link Test Flow

Frequency 

Domain IQ 

and set up 

data

O-RAN

CUS_plane 

Stimulus

File

DUT

(O-RU)

O-RAN Ethernet 

Frames (U and 

C Plane)

RF

Signal Analyzer

Triggers and Clock

Open RAN Studio 

Builder
Signal Studio 

for 5G NR 

Create 3GPP compliant 

5G NR Waveforms

Construct O-RAN 

compliant CUS stimulus

Open RAN Studio 

Player 

5G NR Modulation 

Measurements 

89600 VSA Software

for 5G NR 

Keysight World
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T I M E  A L I G N E D  T E S T  F L O W  

Up Link Test Flow

RF

Triggers and Clock

Signal 

Source

Signal Studio 

for 5G NR 
Create 5G Uplink 

Waveform

5G uplink 

Waveform

(time domain)

Open RAN Studio 

Builder/Capture 
Build C_plane messages 

Explore U_plane messages

Open RAN Studio 

Player/Recorder 
Play C_plane messages 

Record U_plane messages

DUT

(O-RU)

5G NR Uplink 

Modulation 

Measurements 

89600 VSA

for 5G NR 

C_plane 

U_plane

IQ Extractor

(optional)

5G uplink Waveform file

(time domain)

Keysight World
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A C C E L E R AT E  A N D  M A X I M I Z E  O - R U  T E S T  C O V E R A G E  

O-RAN Fronthaul CUS Specification Support 

Main Features

Multi-carrier

Support 

< 16 carriers 

Simultaneous

Uplink/Downlink

FDD/TDD

Automated 
Generation

5G NR, LTE

Chapter 2

Architecture

7.2 split
Cat A/B 

Radio

U_plane / C-
Plane Timing

Delay control 

Chapter 3

Transport

VLAN

eCPRI 

Application Layer 
fragmentation 

Chapter 5 

C-Plane  

Resource 
Mapping  

Section 
types(0,1,3)  

Section 
Extensions 

Mixed 
Numerologies

PRACH

Types  

Beamforming

Modes 
(precoding)

Chapter 6

U_Plane 

IQ width control

BFP 
Compression

static, Dynamic  
(udCompHdr)

Modulation 
Compression

Chapter 9 

S-Plane

PTP master 

SyncE 
(w/o ESMC) 

Synchronization

Cross 
Triggering

Ref Clock In/Out

PPS Out

Keysight World
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• O-DU functional Emulation

• Parametric Timing Control

• Real-time generation/analysis 

• Enable clock and time 

alignment between DUT and  

test system 

• API for test automation 

H A R D W A R E

Open RAN Studio Platform

Bittware TeraBox 1000S FPGA server
1U size

Windows 10

Xilinx UltraScale+ FPGA

Trigger 

Input

Pulse Per 

Second Input

Clock 

Input

QSFP

10/25 Gbps

Pulse Per 

Second Output Trigger 

Output

Fiber Optic 

connection to O-RU

Coaxial connection to O-

RU and Keysight 

Instrumentation

Keysight World
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Wireshark O-RAN Dissector

Keysight World
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• Review Keysight’s O-RAN Solution portfolio on 

www.Keysight.com/find/ORAN

• https://connectlp.keysight.com/Keysight_Open_RAN_Solutions

• www.Keysight.com/find/openranstudio

L E V E R A G E  F R O M  K E Y S I G H T  E X P E R T I S E  T O  A C C E L E R AT E  Y O U R  O - R A N  D E S I G N S

Summary

D O W N L O A D  F R E E  O - R A N  W I R E S H A R K

E VA L U AT E  O P E N  R A N  S T U D I O  S O F T W A R E  

Keysight World

http://www.keysight.com/find/ORAN
https://connectlp.keysight.com/Keysight_Open_RAN_Solutions
http://www.keysight.com/find/openranstudio
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Thank You！




