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Why O-RAN iIs Happening Now?

Driving Forces

Network Densification Expected Gains

 Scalability limitations « Increase Network
of trgd|t|onal Resource utilization Operational Efficienc
architectures (Slicing , Pooling) P y

. Proprietary Networks e Same cost reduction ’ E:Ha\/r\)/e())( l?rendllz'l;::g::)
dependence as data Centers P

 Virtualization - Power, Space Saving * Opex Reduction
technology « Revenue maximization

 Automation /
orchestration
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J-RAN

A L L I A N C E

O-RAN Alliance Overview

MULTI-VENDOR, INTEROPERABLE, AUTONOMOUS, RAN
" Membes _J ____ Mission New Architecture

ORAN

A L LI AN CE

20+ Operators

130+ Manufacturers and other entities

’ Operators

i}' Equipment &
R sSwW

Multi-vendor, Interoperable,
autonomous, RAN

Open, Standardized
interfaces

Global industry-wide vision,

commitment and leadership

Reference Designh &
Whitebox

Orchestration & Automation (e.g. ONAP): MANO, NMS

RAN Intelligent Controller
(RIC) non-RT

) o e

Al| near-RT / non-RT
|

RAN Intelligent Controller (RIC) near-RT

Applications Layer Radio-Network Information Base

E2 | near-RT

Multi-RAT E1
CU Protocol Stack

NFVI Platform: Virtualization layer and COTS platform

F1

RAN DU ( RLC/MAC/PHY-high )

NGFI-|
RAN RRU (PHY-low/RF)
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gNB Disaggregation and O-RAN Splits

split7.3  Split7.2  Split7.1

»
< >

—» RRC = PDCP - hoh- - o - hon - o - b > Low-PHY > RF |—»
_______ I J

—», Data —op 1 Oy op Option 4 Op Op 6 Option 7 .

-—| RRC |= PDCP e T g e Low-PHY

-—"rDataJ Layer 3 Functions Layer 2 Functions Layer 1 Functions

O-CU O-DU O-RU

Fronthaul Interface

« 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
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gNB Block Diagram and Protocols Mapping
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gNB Disaggregation . H-PHY/L-PHY

O-RAN TERMINOLOGY

Radio Functional Split

AAAAAAAA

4G LTE

Scrambling
Modulation

Layer Mapping
O-CU Precoding

RE Mapping

F1

IQ Compression

BBU 0O-RAN Fronthaul

O-DU

IQ Decompression

Precoding

O-RAN FHJ

Digital Beamforming
FCPRI— O-RU e W (FFT & CP Addition

| RRH J \\ ) Digital to Analog

Analog Beamforming

Single Vendor Multiple Vendors
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Radio Unit Block Diagram (O-RU)

Radio Unit

100 Gbps Ethernet

OR AN Rx PCS| |Rx MAC

100 G 100 G

Transceiver
) | o
Tx PCS Tx MAC

100 G 100 G

TSN Logic

Management Plane

Synchronization Plane

Antenna

Antenna

Y
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O-DU to O-RU 7.2 Split Communication

O-DU ORAN Interface
e

PRB=0

PRB =25

HENEEEEEEEENENEEEENENEEEEN

HEEEEEEEEEEEENEEENENEEEER

CLOTT T 17 e

CTT T T T | | I |
smbor=6f [ TTTTTTTTTTITTTTITTITTITTITIT]

PRB=0

=
3

Time

Symbol =0
Symbol =0

* O-DU knows which PRBs * Only utilised PRBs are
per OFDM symbol are sent and signalled over
empty and which are the ORAN interface
utilised « Signalling includes

* O-DU performs FFT beam information

(7.2x Split View)
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Time
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smbor=6f [ TTTTTTTTTTTTTTITITTTTITTITIT]

Symbol =0

O-RU reassembles PRBs
per OFDM symbol
including the empty PRBs
O-RU performs iFFT



O-RAN Protocol Standards Mapping

O-RAN

« C_Plane - Signaling
« U _plane - 1Q information
« S_plane — Synchronization

« M_Plane — Management
eCPRI

MESSAGE FLOWS

» Describes the mapping of split points
inside the Physical Layer

« 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

ORAN FH OVER THE AIR

C-Plane msg slot #g )
U-p
lane MSg symbo) g Slot #0
Frame

Q ) Q Q
= c c c
- o o o al
1 1 1 1
- 0 = n
mToTT T i s i - o
her 1
' eCP RI : Lo Rk éIF'RI i C&M Synchronization| |
. ' Data | | comvel | | L2SPR ! :
1
| I R AR—— R— | 1
: ! P
1 eCPRI protocol layer | S PTP || SyncE
1 1
'___________. _______ I____:___:___:_TI I ,W[,ﬁ‘
I
| uoP | screlee| | VPP |
I
___________ . 1 ]
i _Ip_
! LtPsec |
Ethernet MAC | VLAN (priority tag) || MACsec |

Ethernet PHY
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/ Departure

U-Plane mg
s
9 SYmbol #1 Siof 49 Symbol #0 Siot #o Time

U-Pfane ms
9 Symbol #2 sjo¢ #0 Symbol #1 Sjot #0
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O-RAN Conformance & Interoperability

Agree that only RU can be tested for conformance , and
use interoperability for DU test

Non Intrusive

Conformance
/

_/

O-RAN.WG4.I0T.0-v02.00

Technical Specification

O-RAN Fronthaul Working Group ORAN-WG4.CONF-v00.00.10
- . RAVIVRVIVA

Technical Specification

Fronthaul Interoperability Test Specification (I0T)

O-RAN Fronthaul Working Group

Conformance Test Specification
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Migration Towards Open Fronthaul Interfaces

™« gNB disaggregation drives emerging needs for unit testing in isolation,

Radio Unit Dist Unit
0-RU 0-DU 0-CU .
E E and peer emulation (DU, RU)
?

et > o) » 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

EEEEEEEEEEEE



Keysight 5G Radio Access and Core Network Test Portfolio

ENABLING END TO END TESTING

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

. r > .”""'
Uet . re e ORAN o N ORAN. R - \ 7 S -
3 o Fronthaul Midhaul Backhaul Q... \ )
o8 "

—_ <
UEs O-RU O-DU O-CU
5G RAN /gNB 5G Core/ EPC
UeSIM CoreSIM
UE Emulation RAN Solutions Core Simulation RAN Solutions
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O-RU Test Environment

O-RU TEST IN ISOLATION

Automated Test Suite
(Validation, Conformance, production)

O-DU Emulation Signal Analyzers
cu S M Cu S M m
PTP |[Yang PP |[ Yang (¢=)
eCPRI SyncE ||NetConf eCPRI SyncE ||NetConf OTA |
Ethernet MAC Ethernet MAC conducted Signal Sources
Ethernet PHY S;IRAN Ethernet PHY O-RU (%)

-

« Deterministic test Vector generation
« Timing controlled stimulus

« Real-time analysis

* Integration with test framework
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Keysight Open RAN Studio Solution

COMPLETE O-DU EMULATION PLATFORM FOR O-RU (RADIO UNIT) TESTING

O-DU Emulation

Comprehensive
Compliant
Configurable
Cross Domain

Integrated

KEYSIGHT

EEEEEEEEEEEE

: O-RAN Stimulus and Analysis portfolio for uplink/downlink test
. O-RAN Standard CUS plane (ORAN-WG4.CUS.0-v03.00)

: Maximize and optimize O-RAN test coverage

. for complete Radio RF / Protocol / Timing testing

. with RF / mmWave instrumentation and applications



Keysight Open RAN Studio IRAN

COMPREHENSIVE SOLUTION FOR O-RU (RADIO UNIT) TESTING

Signal Studio
for 5G NR
FR1
Radios
Open RAN a /
Studio Builder | -
== Open RAN 5G
— Studio Player ) O-RU
Ethernet ORAN
Open RAN Operf RAN \\D/
Studio Explorer <+ Studio Capture
FR2
Radios
89600 VSA [ ue
for 56 NR : IQ Extractor
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J-RAN

Down Link Test Flow
ALL CAPABILITIES PROVIDED IN A SINGLE INSTRUMENT
Signal Studio Open RAN Studio Open RAN Studio 89600 VSA Software
for 5G NR Builder Player for 5G NR

Construct O-RAN
compliant CUS stimulus

Create 3GPP compliant

DUT
(O-RU)

8

5G NR Waveforms

O-RAN
grequgncy CUS_plane O-RAN Ethernet
omain IQ —
and set up Stimulus Frames (U and
data File C Plane)

Triggers and Clock

Signal Analyzer

A
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Up Link Test Flow

Signal Studio
for 5G NR

Create 5G Uplink
Waveform

89600 VSA
for 5G NR
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Open RAN Studio
Builder/Capture

Build C_plane messages
Explore U_plane messages

1Q Extractor
(optional)

O-RAN interface

5G uplink Waveform file
(time domain)

U-Plane msg Symbe! #

Open RAN Studio
Player/Recorder

Play C_plane messages
Record U_plane messages

DUT
(O-RU)

J-RAN

A L LT A N € E

Radio

5G uplink
Waveform
(time domain)

Signal
Source

Triggers and Clock



O-RAN Fronthaul CUS Specification Support

-~

.

Multi-carrier
Support
< 16 carriers

~

J

-~

Simultaneous
Uplink/Downlink

~

J

FDD/TDD

~

Automated
Generation

.

5G NR, LTE
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Chapter 2
Architecture

7.2 split
— Cat A/B

Radio

U _plane/ C-
Plane Timing

— Delay control

VLAN

eCPRI

|| Application Layer

fragmentation

IQ width control

BFP
Compression

static, Dynamic
(udCompHdr)

Modulation
Compression

-
Resource
Mapping
-
( .
Section
types(0,1,3)
Section
Extensions
-
Mixed
Numerologies
-
(
PRACH
Types
-
(
Beamforming
Modes
(precoding)
-

Keysight World

PTP master

SyncE
(w/o ESMC)

Synchronization

e M
|| Cross
Triggering
- J
e M

— Ref Clock In/Out

\ J
s N

— PPS Out
\ J
18



Open RAN Studio Platform

 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
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Fiber Optic
connection to O-RU

QSFP
10/25 Gbps

) & i
Pulse Per
Second Input

Bittware TeraBox 1000S FPGA server
1U size

Windows 10 Coaxial connection to O-
Xilinx UltraScale+ FPGA RU and Keysight

Instrumentation
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Wireshark O-RAN Dissector JRAN

I‘ C-Plane_Plus_U-Plane_11_each.pcap — X
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools  Help
P RE Re=s=FTeEEaaanm
[] ‘Appl'-; a display filter ... <Ctrl-/=> :’ '] Expression... +
No. Time Source Destination Protocol Length Info
10.000008 Xerox_00:0d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: @ (PRB: ©-4)
2 ©.88BBE5  Xerox_00:08d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: 5 (PRB: 25-2
3 9.8000087 Xerox_00:08d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: 18 (PRB: 5@-
4 9.800808 Xerox 00:0d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: 15 (PRB: 75-
5 9.90008S Xerox_00:0d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: 2@ (PRB: 100
6 9.000018 Xerox_00:0d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: 25 (PRB: 125
7 9.800011 Xerox_00:0d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: 38 (PRB: 150
8 9.900012 Xerox_00:0d:00 SuperMic_2c:25:2a 0-RA.. 74 C-Plane, Type: 1 (Most channels), Id: 35 (PRB: 175
. Q0 000012 Yaraw O0-04-00 CimarMic 7--75-74a N-RA 7A f_Dlana Tuna: 1 (Mact rhannale) Td- A0 (DRR- 'm)a v
> Frame 4: 74 bytes on wire (592 bits), 74 bytes captured (592 bits) ~

> Ethernet II, Src: Xerox 90:8d:00 (09:00:88:00:0d:00), Dst: SuperMic_2c:25:2a (ac:1f:6b:2c:25:2a)
> 802.1Q Virtual LAN, PRI: ®, DEI: ©, ID: 11
» eCPRI, Real-Time Control Data
~ 0-RAN Fronthaul CUS-C, Type: 1 (Most channels), Id: 15 (PRB: 75-79), Id: 16 (PRB: 80-84), Id: 17 (PRB: 85-89), Id: 18 (PRB: 99-94
> ecpriRtcid (CU_Port_ID: @, A_Cell ID: 4, CC_ID: 5, RU_Port_ID: 7)
> ecpriSeqid, Seqld: @, SubSeqld: 3, E: @
» C-Plane Section Type 1, Downlink, Frame: 1@, Subframe: 1, Slot: 1, StartSymbol: @
v Section, Id: 15 (PRB: 75-79), Symbols: 1, BeamId: 18939
PeBe eeed 1111 .... .... .... = Section ID: 15 Ve ™
. 1... = RB Indicator: 1 ‘ 0-CU (Central Unit) gNB
..90 0100 1011 = Starting PRB of Control Section: 75
e e e e e . 8888 9181 = Number of Contiguous PRBs per Control Section: 5
1111 1111 1111 .... = RE Mask: @xfff
. 8081 = Number of Symbols: 1
.91 1010 1011 1611 = Beam ID: 18939

PDCP

> Section, Id: 16 (PRB: 80-84), Symbols: 1, BeamId: 18939 v
< >
O i) C-Plane_Plus_U-Plane_11_each.pcap || Packets: 22 - Displayed: 22 (100.0%) || Profile: Default| ” ” ||
cu s R S
1 v
- PTP |["Yang
0-DU SCPRI | syneE NeiconJ
\” | Ethernet MAC ‘ CIEE | Ethemet MAC |
§£ | Ethernet PHY Fw{ Ethemet PHY | O-RU (ﬁ) UE E
\ S/

!(EE%%ILSEGII'LI Keysight World 0




Summary

LEVERAGE FROM KEYSIGHT EXPERTISE TO ACCELERATE YOUR O-RAN DESIGNS

* Review Keysight's O-RAN Solution portfolio on Open RAN
www.Keysight.com/find/ORAN (( ))) Si?u dio
U5040A

Verzion: 1.1.10228.0
Release Date: June 26, 2020

DOWNLOAD FREE O-RAN WIRESHARK

* https://connectlp.keysight.com/Keysight Open RAN Solutions

DOWNLOAD YOUR NEXT & INSIGHT

EVALUATE OPEN RAN STUDIO SOFTWARE

« www.Keysight.com/find/openranstudio
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http://www.keysight.com/find/ORAN
https://connectlp.keysight.com/Keysight_Open_RAN_Solutions
http://www.keysight.com/find/openranstudio

@

Thank You'!
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