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• R16 AND Test Solution
Agenda

R16 Roadmap and Market status

R16 eMBB and Vertical Features 

Keysight R16 Solution

QA
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Operators Deploying 5G NR as Standards Advance

Commercialization

Commercialization

                                   Commercialization
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R15 Late Drop
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Package
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R17
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Package
Approval

1st Launch  May’18

R15 Key Focus Areas
• 5G NR NSA & SA
• eMMB in FR1 & FR2 

R16 Key Focus Areas
eMBB
• Power saving, mobility, MIMO …
New Verticals
• URLLC
• IIoT / Private Networks
• C-V2X

R17 Key Focus Areas
eMBB
• NR Light
• eMMB evolution
• More power savings
New verticals
• IIoT & URLLC enhancements
• NR positioning enhancements
• NR for non-terrestrial networks
• Integrated access & backhaul
• Up to 71 GHz

China Mozbile
China Telecom
China Unicom

Verizon
AT&T

SKT
KT
LG Uplus

UK: EE, 3, 
O2, Vodafone
Germany:
DT, Vodafone

Qatar: Oredoo

NTT Docomo
Softbank
KDDI
Rakuten

We are here

NR NSA 
Freeze

R16 eMBB
chip set

R16 eMBB
Device

R16 eMBB
Network?

chip-set collaborations
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2022 2023

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

5G Rel-16 Market Requirements Timeline

Rel-16 eMBB collaboration
testing with chipset makers

First Rel-16 eMBB chipsets 
delivered to device manufacturers

Device manufacturers testing Rel-16 devices

First Rel-16 device certified by GCF
(estimate) 

Rel-16 Vertical Expansion features
Collaboration testing with chipset makers

Rel-16 network deployments

Chipsets to
device makers

Device manufacturers
testing devices

Release 16 Foundation
Expansion Features (eMBB)

Release 16 Vertical
Expansion Features

First Rel-16 TC 
ETSI verification

First Rel-16 TC 
GCF validation
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5G Vertical Expansion Features

Rel-15

Rel-16

5G NR Technology Foundation (eMBB focus)

5G Foundation Expansion Features (for eMBB)

URLLC
• eURLLC
• Time-Sensitive Networks

UE Positioning
• Single / multi-cell positioning
• RTT, AoA / AoD, TDOA

V2X
• V2V
• V2I
• Sidelinks

Unlicensed Spectrum
• NR-U
• Up to 7.125 GHz

• Feature Groupings

5G Rel-16 Foundation and Vertical Expansion Features

• Power saving enhancements • CA and DC enhancements • Mobility enhancements

• MIMO enhancements • SON / MDT • Technical Enhancements & Improvements

• New Radio (NR) • Next Gen Core Network
• Non-Standalone (NSA) • Standalone (SA) • New spectrum (mmWave)
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5G Rel-16 Foundation Expansion Features
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• Enhancing power efficiency
R16 UE Power Saving
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• Increasing robustness, reducing latency
R16 DC/CA Enhancements

DC/CA
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• Multiple MIMO improvements
R16 MIMO Enhancements

       
       
       
       
       
       
       
       
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• Increasing robustness, reducing latency
R16 Mobility Enhancements

Serving

?

Target
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• Technical enhancement or improvement
R16 TEI
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ØDelivers 3m indoor and 10m outdoor accuracy 
requirements 80% of time

ØNew Positioning Reference Signal (PRS) allows 
detection of more neighbouring transmission 
points

ØNetwork-based positioning methods
• Multi-cell positioning
o Round Trip Time (RTT)
o Angle of Arrival / Departure (AoA / AoD)
o Time Difference of Arrival (TDOA)

• Single cell positioning
o AoA + RTT

ØLocation Positioning Protocol (LPP) or Secure 
User Plane (SUPL) protocols

5G Rel-16 UE Positioning

Round Trip Time (RTT)

Time Difference Of Arrival (TDOA) Single Cell Positioning

Angle of Arrival / Departure (AoA / AoD)

Position on circumference 
determined by UL AoA

t3

t2

t1

DL-TDOA: PRS arrival time measured
UL-TDOA: SRS arrival time measured

Radius determined by RTT
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5G NES support for 3GPP Release 16

5G Rel-16 Vertical Expansion Features
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• Enabled by “REAL TIME”R16 technology
New Devices and New Applications

Augmented Reality

Driverless cars Industry 4.0

• Superimpose 
intelligent computer 
generated images on 
real world views

• Made more powerful 
by new devices 

• Cyber physical 
systems

• Integrating computing, 
networking and 
physical processes

• Security is vital 

• Human / machine 
interaction in real time 
via the internet

• Remote surgery

• Cars that can drive 
themselves

• Cars that can manage 
themselves

Tactile internet

Source: Analog Devices

Source: forbes.com

Source: The Motley Fool
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ØRel-16 eURLLC builds on the Rel-15 URLLC 
foundation

ØLow Latency
• Multiple BWPs mixed numerology
• DL pre-emptive scheduling (puncture an eMBB 

allocation)
• CBG-based HARQ
• UL configured grant scheduling
• UL pre-emptive scheduling

ØUltra Reliability
• Blind repetitions
• New CQI table optimised around 10-5

• PDCP layer packet duplication increased from 2 to 4

5G Rel-16 URLLC Enhancements

URLLC Enhancements

Any suggestions for a diagram?
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ØImproves efficiency of the existing Rel-15 
RACH Procedure

ØReduces number of steps from 4 to 2

ØReduces signaling overhead and latency

ØImproves capacity and power efficiency

ØSupports small grant-free uplink

5G Rel-16 2-step RACH Procedure

4-step RACH Procedure 2-step RACH Procedure

msg1

msg2

msg3

msg4

msgA

msgB

Random access preamble

Random access response

Scheduled transmission

Contention resolution

Random access preamble

and PUSCH payload

Contention resolution

Rel-15 Rel-16

Time Time
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Keysight 5G Rel-16 Solution
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• The most comprehensive R&D 
solution in the market
• A suite of tools for RF and 

Functional testing
• Rich parameterization enabling a 

wide range of test scenarios
• Supports early development test 

phases, from prototyping to 
systems integration and 
verification

• Scalable from development to full-
rack RF acceptance

• Flexible, easy-to-use interface 
• A single, all-inclusive user 

interface for both RF and 
Functional testing

• Test devices interactively across 
all network scenarios

• Easily automate your own test 
scenarios via SCPI commands

Overview E7515B UXM 5G wireless test platform

UXM 5G Test Application
      Multi-Domain
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     Protocol

S8701A Protocol R&D Toolset

• Comprehensive solution for 
wireless chipsets and devices
• Supports early development and 

test phases 
• From prototyping to systems 

integration and verification

• Toolset designed for protocol 
and application testing by
• Protocol stack developers
• Systems integration
• Verification teams

• Flexible, easy-to-use interface 
enables
• Building tests with no 

programming knowledge required 
• Test development acceleration 

during feature integration and 
regression phases

Overview
 Live Script 
Elements

PRT Script 
Editor Test Manager Log Viewer

Automation

E7515B UXM 5G wireless test platform
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UXM 5G – Proven 5G Release 16 Leadership
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