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296 operators in 100 countries 
actively investing in 5G

90 operators to offer 5G 
services between 2018-2022

G L O B A L  5 G  D E P L O Y M E N T S  - K E Y  M I L E S T O N E S

Verizon pilots 5GTF 
28GHz FWA in 11 

cities

Verizon pilots 5GTF 
28GHz FWA in 11 

cities

MegaFon and 
Rostelecom trial 5G 
at World Cup, Russia

MegaFon and 
Rostelecom trial 5G 
at World Cup, Russia

Verizon and AT&T 
launch 5G NR FWA 

in mmWave spectrum

Verizon and AT&T 
launch 5G NR FWA 

in mmWave spectrum

KT, LG UPlus, and SK 
Telecom switch on 5G 

services

KT, LG UPlus, and SK 
Telecom switch on 5G 

services

DOCOMO, SoftBank 
and KDDI plan limited 

launches

DOCOMO, SoftBank 
and KDDI plan limited 

launches

China Mobile
commercial 5G 

launch

China Mobile
commercial 5G 

launch

T-Mobile
nationwide launch 

in sub-6GHz

T-Mobile
nationwide launch 

in sub-6GHz

2017 2018 2019 2020

DOCOMO 
supporting Summer 
Olympics in Japan

DOCOMO 
supporting Summer 
Olympics in Japan

Swisscom launch 5G 
in Switzerland in sub-
6GHz w/5G Device

Swisscom launch 5G 
in Switzerland in sub-
6GHz w/5G DeviceSK Telecom and KT

showcase 5G use cases 
at Winter Olympics in 

South Korea

SK Telecom and KT
showcase 5G use cases 

at Winter Olympics in 
South Korea

Verizon launch 5G 
Mobile in mmWave 

w/5G Device

Verizon launch 5G 
Mobile in mmWave 

w/5G Device

KT, LG UPlus, and SK 
Telecom launch 5G 

services w/5G Device

KT, LG UPlus, and SK 
Telecom launch 5G 

services w/5G Device

Sprint
Plan 5G launch in sub-

6GHz w/5G Device

Sprint
Plan 5G launch in sub-

6GHz w/5G Device

China Unicom
Plan 5G launch in sub-

6GHz w/5G Device

China Unicom
Plan 5G launch in sub-

6GHz w/5G Device

DU Commercial Deployment 
In Different cities across UAE 

Etisalat provides 5G services in Abu Dhabi, Al Ain, 
Dubai, Sharjah & Ajman, Ras Al Khaimah, Umm Al 

Quawain, Fujairah and Dibba Al Hisn

STC Group in Saudi Arabia became the Kingdom’s 
first telecom operator to provide 5G across a

number of cities

Zain Saudi launched 1st phase of 5G network
coverage (Biggest in the Region)
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Interactive map of 5G deployments available at: www.speedtest.net/ookla-5g-map

Commercial and Limited Availability Deployments > 1200
46 commercially launched 5G networks, 27 countries (Sept. 2019)
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• 100 announced 5G devices from 41 vendors (some not commercially available yet)
• 13 form factors, including phones, hotspots, CPEs, modules, adapters, routers, laptop, drones, 

robots...
• Chipsets from Qualcomm, Huawei, Samsung, and Mediatek
• Most devices are sub-6 GHz, but mmWave is growing.  mmWave supported by some CPEs, 

modules, hotspots, and a few phones.

Source: GSA report on 5G Device Ecosystem (Aug 2019)
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• To date over 560 5G trials using more than 40 different frequency bands

• n78 band (3300 MHz to 3800 MHz) most frequently used band in trials and tests, followed by 
n257 band (26.5-29.5 GHz) 

• 34 countries have completed auctions for at least one band for 5G

• 39 countries have announced plans for spectrum allocations or auctions between now and 2021

• Spectrum for MENA – sub 6GHz, 2.6GHz & 3.5GHz in Saudi Arabia and 3.5GHz in the Gulf

Spectrum 
(GHz)

0.6 0.7 0.8 2.5 3.3 – 4.2 4.4 – 5 ISM 26/28 37 – 43.5

Country

USA Europe Europe USA China Europe China Japan

S. Korea

China Japan Europe USA         Japan

S. Korea

USA

Sub-6 GHz mmWaveSub-1 GHz

Recent trials and deployments

MENA 5G Spectrum Now
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B R O A D  R A N G E  O F  N E W  S E R V I C E S  A N D  PA R A D I G M S

URLLCURLLCeMBBeMBB

Mobile Broadband 
Access

Massive 
Machine Communication

Mission-Critical
Machine Communication

IoT
• All data, all the time

• 2 billion people on 
social media

• 30 billion ‘things’ connected

• Low cost, low energy

• Ultra-high reliability

• Ultra-low latency

mMTCmMTC

Amazingly Fast
Great Service in a 

Crowd
Best Experience 

Follows You
Ubiquitous Things 

Communicating
Real-time & Reliable 

Communications
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SLA – Service Level Agreement

QoS – Quality of Service

QoE – Quality of Experience

KPI – Key Performance Indicator

M U LT I - D O M A I N  K P I S D E F I N E  Q O S  A N D  Q O E

Keysight World

QoS and QoE depend 
on the cumulative 
performance of the 
entire network:
• Devices

• RAN

• Core

• Transport layer

• Cloud 

Energy Efficiency

Battery Life

Spectral efficiency

Density

ReliabilitySecurity

Latency

Mobility

User Data Rate
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Top verticals (5G aspects):

1. Media (eMBB)

2. Transports (URLLC & mMTC)

3. Automotive (eMBB & URLLC)

4. Industry 4.0 (URLLC & mMTC)

5. Healthcare (URLLC & eMBB)

E M B B ,  U R L L C , M M T C  &  M O R E   

Frequency 700MHz 2-4GHz 24GHz & above

Coverage HIGH MEDIUM LOW

Throughput LOW MEDIUM HIGH

E-Health

Industrial
Robotics

C-V2X

Smart 
Cities

Tourism

Media
Entertainment Autonomous

Driving

Finance

Agriculture 
Farming

Retail

Aerospace 
& Defence

Insurance

Supply
Chain

What we couldn’t do with 2G, 3G & 4G!
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M A I N A D D I T I O N S &  P O C P R O J E C T S

5G PPP E2E Infrastructure 
supporting verticals pilots

Massive
IoT

MIMO
MU

Rel.16

Beamforming

Active Antenna
O-RAN

Network Slicing
Virtualization

Cloud
Edge Computing

EMF

by Unknown Author is licensed under CC BY-NC-ND

NSA

SA

NR-U
NTN

TDD

FDD
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D E V I C E  D E V E L O P M E N T  W O R K F L O W

Create Integrate Deploy
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D E V I C E  D E V E L O P M E N T  W O R K F L O W

Create

Protocol Development
• L1 development
• L2/L3 on host
• BB, IF, RF, mmwave

Bring-up
• Full Signaling ready
• Interoperability
• UE Calibration

Support
• Verification of customer issues
• Report to internal teams 
• Global footprint
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D E V I C E  D E V E L O P M E N T  W O R K F L O W

Integrate

RF
• Transmitter: EVM, ACLR, SEM
• Receiver: Sensitivity, MIMO
• Power : EIS, TRP, EIRP

Performance
• Data Throughput
• Beam Characterization
• Fading
• Multiple AoA (Angle of Arrival)

Calibration
• Calibration routines
• FR2 specific challenges



13

D E V I C E  D E V E L O P M E N T  W O R K F L O W

Deploy

Regulatory 
• Spurious (Harmonics Emissions)
• SAR 

Conformance
• GCF
• PTCRB
• CTIA

MNO test plans
• Chinese ecosystem
• NS-IOT
• GTI
• US, Japan and Korean Carriers
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Data
Center

Core
NetworkDevices

Network
Access

Mobile
Chipsets

Layer 1

Layers 2, 3, 4

Layers 5, 6, 7

Comms
“Stack Layers”

Electrical, RF and Optical Test

Network and Application 
Testing, Visibility and 

Security

Mobile 
Network 

Test C
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Mobile 
Device 
Test

Channel EmulationIn
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Keysight

Ixia Acquisition

Anite Acquisition

One example: Network Emulation Solutions Enable Modem-Device Workflow

Protocol 
Conformance

Carrier 
Acceptance

Functional 
KPI 

RF/ RRM 
Conformance

RF/RRM2 

DVT3
Protocol 

R&D 
Manufacturing

Tools
Virtual Drive 

Testing

1 Base transceiver station 2 Radio Frequency / Radio Resource Management 3 Design Validation Test
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A C C E L E R AT I N G  I N N O VAT I O N  F O R  N E W  5 G  D E V I C E S

Protocol 
Conformance

Carrier 
Acceptance

Functional 
KPI 

RF/ RRM 
Conformance

RF
Automation

Protocol 
R&D 

5G Device Development Solutions 5G Device Acceptance Solutions 5G MFG Solutions

Manufacturing

Network Emulator mmWave OTA SolutionsChannel Emulator Non-Signaling Test Set
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A C C E L E R AT I N G  C O M M E R C I A L I Z AT I O N  O F  F I R S T  5 G  S M A R T P H O N E S

UXM 5G Wireless Test Platform
• 5G NR 8CC DL and 4 CC UL 2x2, with LTE 2CC
• Wide and scalable bandwidth 

• 8Tx/4Rx @800MHz
• 4Tx/2Rx @1600MHz

• Multi angle of arrival test
• Internal fading

Common Interfacing Unit (CIU)
• Seamlessly integrates with multiple solutions

• Up to 8 remote radio heads
• High IF connection (6-12 GHz)

24/44GHz Remote Radio Head (RRH)
• Industry’s most versatile and advanced mmWave RRH
• Supports both OTA and conducted test

 PROPSIM F64 Channel Emulator
 UXM 5G Wireless Test Platform

 EXM 5G Wireless Test Set
 5G BTS Manufacturing Solution
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A D D R E S S I N G  G L O B A L  S P E C T R U M  R E Q U I R E M E N T S

N257  26.5 ~ 29.5 GHz 

China  24.75 ~ 27.5 GHz 

n258  24.25 ~ 27.5 GHz

US

n261

Europe  24.5 ~ 27.5 GHz 

Australia  24.25 ~ 27.5 GHz 

Korea  26.5 ~ 29.5 GHz 

Japan  27.5 ~ 29.5 GHz 

Keysight Remote Radio 
Head 24 ~ 29.5GHz

T&M Vendor 1   25.8 ~ 30.1GHz 

T&M Vendor 2   24.25 ~ 29.5 GHz

N260  37 ~ 40 GHz 

China  37 ~ 42.5 GHz 

US  37 ~ 40 GHz 

Europe  40.5 ~ 43.5 GHz 

Keysight Remote Radio Head
37 ~ 43.5GHz

T&M Vendor 1   36.5 ~ 40 GHz 

T&M Vendor 2   37.55 ~ 40 GHz

27.5 ~
28.35 GHz

3GPP 
Bands

Australia

Korea

Japan

Europe

China

US

24 GHz 26.5 GHz 29.5 GHz 37 GHz 40 GHz 43.5 GHz42.5 GHzmmWave
Remote Radio Head

• 5G OTA ready
• Broadest band 

coverage
• Versatile & compact



18

E N D - T O - E N D  T E S T  C O V E R A G E

RF in band, FR1, RRM and Protocol

FR1 (sub-6GHz)

Protocol, RF, RRM 
and Functional

Industry leading 
GCF and PTCRB test 

case support for 
5G NR SA and NSA 

Add FR2 (mmWave) 
and OTA

Add spurious 
and interference 



19

VA L I D AT E  M M WAV E  5 G  D E V I C E S  A C R O S S  W O R K F L O W  

3D MPACCATR

• Indirect far field
• Module to full device testing
• 30 cm device size 

RF/Antenna/RCT Protocol/Functional/PCT Mobility and Performance

• Direct far field 
• Module to full device testing
• Light weight and bench top

• Direct far field 
• Module to full device testing
• Supports fading models with Channel Emulator

2DMPAC                             RMTC                  mini-RMTC
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• Keysight contributes more to the development of 5G 
NR than any other test vendor:

• Authored more than 300 RAN4/5 5G NR contributions 

• Leading in GCF/PTCRB test case validation for 5G NR 
RF SA and NSA device certification

• Simplified OTA testing with compact antenna test range 
(CATR) method adopted by 3GPP

• Stay ahead of the standards using Keysight’s:

• 5G Conformance Toolset

• 5G mmWave Testbed

• 5G NR Software Solutions

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

"Keysight's 5G test solutions are instrumental in 
accelerating commercial 5G development and rollout.” 

Tony Schwarz, Senior VP of Engineering, Qualcomm Technologies
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• Adopted by Tier 1 Operators, NEMs and Chipset & Device Makers

• Supports all 3GPP defined 5G NR bands and bandwidths

• Most advanced test scenario and channel modeling for 
5G/4G/WLAN 802.11ax

• 5G NR and LTE-Pro Base Stations and Mobile Devices test

• Fair laboratory test conditions against vast range of field conditions

• 3GPP channel models per 3GPP 38.901. Urban Micro, Urban 
Macro, Indoor office. Custom deployment scenario support

• Primary building block for solutions like GCM, VDT, FR2 OTA 
measurements…

VA L I D AT E  5 G  F O R  R E A L  W O R L D  O P E R AT I O N  I N  L A B  GTI Award 
2019

Innovative 
Breakthrough 

in Mobile 
Technology

5G
Performance 
Test Solution 

accelerates 
launch by 
enabling 
realistic 

End-to-End, 
RF-to-RF 

validation of 
mobile 

network & 
device in lab

More channels, more BW per channel, more flexibility for more CE solutions
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C O N F I D E N T LY  V E R I F Y  5 G  M O D U L E S  A N D  D E V I C E S  I N  D V T  A N D  M A N U F A C T U R I N G

• The only 5G MFG solution with support 
across both sub-6GHz and mmWave 

• Industry’s most compact mmWave DVT 
solution for IF/mmWave

• Develop automated test plans with 
Keysight’s PathWave Test

• Reduce manufacturing cost with 
sequencing and multi-DUT test

EXM 5G 
with CIU and mmWave RRH

mmWave 
Transceiver 
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A C R O S S  M U LT I P L E  R F  A N D  P R O T O C O L  D O M A I N S

Test, maintain 
and secure 
the network

gNB and UE design, test, 
validation, and manufacturing

OTA, MIMO & 
Beamforming 

Coverage and 
Drive-Testing

UE 
Emulation

Cross-domain 
validation

Automation and
cloud-based solutions
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T O P  L E V E L  V I E W

Radio RF/uW

Centr Unit
O-CU

Backhaul / Core

Core 
Application

layers 

Network 
Infrastructure

Devices  

Network 
Emulation
UXM 5G

RF/mmW
Test

MXA/MXG 

Channel
Emulation

Propsim F64

4G/5G Packet Core 
Testing
IxLoad

UE /RU 
Emulation

Open RAN 
Analysis

Open RAN  
DU Emulation

Network Infrastructure 
Testing/Data Center Testing 

4G/5G Packet Core
Network Emulation

IxLoad

5G RAN - gNB

Dist Unit
O-DU

O-RAN 
Application

Centric
Devices 

Radio Unit
O-RU

IxNetwork

Fronthaul transport 

Fronthaul 

Backhaul l transport 
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• One click test automation for test execution and reporting.

• Pre-made and easy to modify test script to be run from Nemo Outdoor to control device.

Confidential

UE with 
SW build 1

• 5G Device Analytics 
offers Benchmarking 
report generation and 
device scoring

Log file

Log file

Nemo Outdoor

• Benchmarking between
• Software daily builds
• Golden device
• Competitor device

Keysight UXM 5G Wireless Test 
Platform

Nemo 5G Device Analytics Benchmarking reports

• Test automation 
through TAP interface

UE with 
SW build 2
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• Multi-device support for device benchmarking using live network in office or drive test conditions.

Confidential

UE 1

UE2

UE3

Log files

Nemo Outdoor

• Device test automation through 
device specific scripts

• Cloud control available with real 
time reporting and alerting

• Max 9 simultaneous connected 
devices

• Real-time KPI reporting

Nemo 5G Device Analytics Benchmarking reports

Live Network

• 5G Device Analytics 
with automated 
Benchmarking report 
generation with 
device scoring
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Top verticals (5G aspects):

1. Media (eMBB)

2. Transports (URLLC & mMTC)

3. Automotive (eMBB & URLLC)

4. Industry 4.0 (URLLC & mMTC)

5. Healthcare (URLLC & eMBB)

E M B B ,  U R L L C , M M T C  &  M O R E   

Frequency 700MHz 2-4GHz 24GHz & above

Coverage HIGH MEDIUM LOW

Throughput LOW MEDIUM HIGH
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• Verizon
• Qualcomm
• Motorola Mobility (Lenovo)
• ETS-Lindgren

• Bluetest
• Triangle
• 5G Automotive Assoc.
• NGMN
• 5G ACIA

• Tech Mahindra • China Mobile
• China Telecom
• UNISOC (Spreadtrum)
• Xiaomi
• OPPO
• CICT (Datang)
• Askey
• CAICT
• CMRI
• IMT-2020
• 5G Device Forerunner Initiative
• FutureForum

• MediaTek
• ASUS 
• SGS

• NTT DOCOMO
• SoftBank

• SK Telecom
• KT Corporation
• Samsung
• DT&C
• 5G Forum
• 5G MF

Mobile Operator

Wireless Manufacturer

Test House or System Integrator

Consortia or University

U.S. Europe India China Taiwan S. Korea Japan• First-to-market 

protocol 

and RF development 

solutions for 5G NR 

SA and NSA

• First-to-market RCT 

and PCT solutions for 

5G NR device 

acceptance

• Support latest 3GPP 

R15 standards –

Across FR1 and FR2
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We deliver what’s next. First.
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