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5G Scenarios and Use Cases
Broad range of new services and connectivity paradigms

In a Crowd Follows You Communications Communicating
I Y

Mobile Broadband Massive Mission-Critical
Access Machine Communication Machine Communication

e ~,
«“
* All data, all the time « 30 billion “things” connected * Ultra high-reliability
* 2 billion people on social media » Low cost, low energy * Ultra-low latency
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Keysight Labs
Centered on applied research

Keysight Labs’ world class researchers include four
IEEE Fellows and three Keysight Fellows

KEYSIGHT

TECHNOLOGIES

Research themes:

v Software

v Heterogeneous
computing systems

v Human-computer interaction

v Wireless

v ASICs

v DSP

v Photonics

v Imaging

v Modeling

Labs' portfolio centers on applied
research to create breakthroughs that
enable superior measurement solutions.
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5G Solutions For Components, Circuits, Devices, Systems

Simulate &
Visualize

Electronic Design
Automation Software

KEYSIGHT
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Calibrate
& Capture

e
ﬁ

World’s Fastest and
Most Accurate
Measurement Science

Emulate in
Real Time

Emulation,
Visualization,
Performance Metrics

Scale &
Adapt

Software-Enabled
Reference Solutions
and Services
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Keysight 60 GHz channel sounder with 2 GHz Real-time
bandwidth at University of Bristol in mmMAGIC Project
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5G Collaborations
Massive MIMO Prototype System and OTA Test Research
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Massive MIMO real-time beamforming Massive MIMO OTA test

prototype with Aselsan collaboration with CMCC
KEYSIGHT
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Flexible mmWave Testbed Setup at Skyworks for DPD @mmWave

v' Wideband mmWave
Testbed with SystemVue

for DPD
J38 v’ 2-4 dB improvement in
ACP
Bl - v’ 1-2 % improvement in
il EVM
!

|
e
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Digital Predistortion for 5G

Problem Statement

— Frequency and Bandwidth:

» Current 5G trails and standards definitions include frequency bands at 28 GHz, 39 GHz and
above

« Signal bandwidths proposed for these frequency bands range from 100 MHz to greater than 2
GHz

« DPD requires modulation and measurement bandwidths 3-5 times the signal bandwidth

. Digital
— Multi-channel: Precoder
I . —~ = R >
« mmWave systems will utilize multi-antenna systems Moo
with power amplifiers spaced at distances less than ¢ | gasepana | & : : EE
1 wavelength ) S ) ) ooo
N K " -
* Interaction between amplifiers is a new area to be | L sy ,
researched | ] . '
N User Streams K Digitally Precoded Signals K Antennas
KEYSIGHT WATERLOO

ENGINEERING
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Demonstration Phased Array
University of California at San Diego

Key Performance Characteristics:

3 GHz Instantaneous Bandwidth
1.6 Gb/s at 300 m demonstrated*
1.0 Gb/s at +/- 50 degree E Plane*

Supports up to 256 QAM for 6 Gb/s*

UCSan Diego

5m / +50° H-plane

300m / 0° scan

¥ & :
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Data rate 2 Ghps 4 Ghps 400 Mbps 1.6 Ghps
EVM 3.74% 6.68% 5.9% 10.9%
Scan angle] +50° H-plane -50° H-plane +20° E-plane 20° E-plane
LT

“a oAy

10,3% 9.65%

Fig. 9. Measured constellations at different data rates and scan

angles with 16-QAM for 5 m and 300 m links.

LINK BUDGET FOR 300 M 5G LINK USING 32-ELEMENT
PHASED-ARRAYS

“ IC Fabrication Provided by TowerJazz [y v rige

* Results without FEC or Equalization

KEYSIGHT
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Frequency / Wavelength 29 GHz / 10.3 mm
Transmit Power, Pt 17 dBm at 5 dB Backoff
Transmit Antenna Gain, Gt 19 dB
Receive Antenna Gain, Gr 19 dB
Absorptive Loss in Atmosphere 0.3 dB/km
Receive Bandwidth 400 MHz

7.5 dB
Range / Space Loss Factor 300m/-111 dB
Receive Power, Pr -56 dBm
Receiver Noise -81 dBm
Receiver SNR at normal incidence 25 dB
Receiver SNR at £50° in H-plane 20 dB

% B Keysight Keysight ¢ S <Y Keysight DSO-SB04A
ey E8257D EB267D % Ll Real Time Scope
24T s

64-QAM 400 MBaud

EHaeaRrI2PN
GE I e
CCIR B R B
THTe
LR R N NE

S ey
L BN

EVM = 2.89%

(c)

Fig. 6. (a) Measurement setup for communication link at 1 m
distance, (b) photograph of setup, (¢) measured constellation with 64-
QAM 400 MBaud data rate at 8 dB backoff (2.4 Gbps).
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MWC201 7 M D B I L E BARCELONA 27 FEB-2 MAR 2017

Press RG'GGSG WORLD CONGRESS

1. Keysight Technologies Works with Huawei on Phase Il of China 5G
Technology R&D Trial

Using its UXA N9040B signal analyzer and 89601B VSA signal analysis software, Keysight has
conducted the first integration tests with Huawei's 5G prototype base station. The tests cover
numerology, frame structure, and new waveform in the 5G new radio (5G NR).

2. Keysight Technologies, Samsung Electronics Announce 5G Collaboration

The initial focus of the partnership is on Verizon 5GTF specifications (www.5gtf.org). Future
collaboration will include 3GPP NR.

KEYSIGHT

TECHNOLOGIES 5G Tokyo Bay Summit : 2017-05-25 | Page 14



FIRE Part of FIRE+ Objective Co-funded by the Horizon 2020
_ Framework Program of the

European Union

TRIANGLE: End-to-End Testing Ecosystem

Transport

*  Deployment scenarios
*  Carrier-grade SDN
. SLA/B2B services

Business Integrations
Dynamic QoS
Integrated vs CDN

Mobile App
*  Live in-the-wild ’
¢ Connected behavior 5G
*  Device coverage
EPC
B Deployment configurations
*  Network conditions
*  Subscription levels _II_(EEI_X\ISO !_gGIﬂEI
*  Power consumption 0L |
¢ Compliancy RAN Make your app shine

. New Waveforms

*  RAN configuration
*  Deployment scenarios ® L . A T @ r 'ma
Re d Z I n C WireLess L“
a DEKRA company

¢ Chipset Performance

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 688712
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