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5G Drivers and Vision
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5G Key Performance Indicator from ITU-R

IMT-2020 vision

Spider diagram for 8 KPIs and Proposed 5G use cases
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---- Enhanced Mobile Broadband (eMBB)

___Ultra-reliable and low

latency communications (UL/LL)

Massive machine-type

communications (mMMTC)
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Proposed 5G Use Cases

» 10-20 Gbps peak
* 100 Mbps
whenever needed

» High density of
devices (2x10° -
106/km?)

* Long range
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(UR/LL)

Ultra reliability and low latency

 Ultra responsive

» Ultra reliable and
* Low to medium

» High speed mobility

* <1 ms air
interface latency

* 5 ms E2E latency

available
(99.9999%)

data rates (50 kbps
- 10 Mbps)

Remote surgery

Y 1

Driverless car
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5G Enabling Technologies

Evolution of existing technology + Revolution of new technology

New Technology .

(Revolution)

Microwave and mmWave frequency bands (licensed and
unlicensed)

Wide bandwidth — up to 2 GHz or wider

Massive MIMO - Number of BS antennas >> Number of UE’s
New waveforms and new radio access technology (RAT)
In-band full duplex

Software based network architecture: SDN and NFV

Evolution of .
existing
technology

(Sub-6 GHz) /| 4 ’
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Evolution of current cellular technologies — LTE-A/LTE-A Pro
» Example: license assisted access (LAA); enhancement to machine
type communication (MTC) or NB-loT

New waveforms and new radio access technology (RAT)
New frequency bands below 6 GHz

Ultra-dense networks — small cells and WLAN access points
Evolution of RAN architecture (Advanced C-RAN)

ith tight interworking between exiting technologies and the new technologies
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5G Overall Timeline

2014 PAONRS 2016 2017 AONRS AONRS 2020 2021 2022
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Evaluation and
specification

Pre-standard research
(vision, technology, spectrum)4

Technical regs and
evaluation methodology
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Spectrum in Sub-6 GHz

New and flexible spectrum usage

— Sub-6 GHz will use existing licensed and unlicensed spectrum

— New global sub-6 GHz bands for mobile broadband identified at WRC-15*
http://www.itu.int/pub/R-ACT-WRC.11-2015/en

« WRC-15 initiated studies on frequency bands for advanced 5G technologies
in multiple bands between 24-86 GHz and will report back to WRC-19
(nothing is guaranteed for WRC-19 for IMT-2020)

— Phase 1 of 5G deployment, in 2020, most likely be in sub-6 GHz

1 GHz 10 GHz 100 GHz 1THz 10 THz 100 THz 1PHz
Frequencvl o s ol skl o
Sub-6 GHz mm- Far Infrared
' THz _ uv
Microwave Wave IR Light
LU (LR LLARL L LLARU L A LLLASUR L L L
Wavelength I I I I I I
: 10 cm . lcm : 1 mm 100 um 10 um 1 um

— Y
Evolution of LTE-A New radio access technology (RAT)

and new 5G RAT
*World Radiocommunication Conference 2015 (2-27 November 2015, Geneva)
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http://www.itu.int/pub/R-ACT-WRC.11-2015/en

Evolution of Existing Technology M
L TE-Advanced/LTE-Advanced Pro Lte
LTE-U/
Licensed Anchor Carrier
Data only
* Licensed spectrum remains top priority for operators
« LTE over unlicensed gives operators another option to offload traffic to unlicensed spectrum

Data + Control
Unlicensed (5 GHz Aggregation
using LTE-U/LTE-LAA

LTE-Unlicensed (LTE-U): based on
3GPP Rel 10-12 and LTE-U Forum spec
LTE-License Assisted Access (LAA)
part of 3GPP Rel-13

» Up to 32 CCs including LAA operation
« TDD-FDD joint operation

Carrier Aggregation

Dual Connectivity - Simultaneous connection to macro & small cell

Full-Dimension MIMO - Simultaneously supports elevation and azimuth BF
(FD-MIMOQO) * High order MIMO with up to 64 antenna ports at eNB

* New narrowband radio technology to address the
Narrow Band loT (NB'IOT) requirements of the Internet of Things (IoT) (Rel. 13)

Vehicle to Vehicle (VZV)  Support for V2V services based on LTE sidelink (Rel. 14)

communication
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Increasing Frequencies: Challenge and Opportunity

Free-space Path Loss

Powerpy = Powerry + AntGaingy + AntGainyy — 20log,,(4nR) - 20log,, (ﬂ
Distance Frequency

— In words. For a given distance, as the frequency increases, the received power will
drop unless offset by an increase in some combination of transmit power, transmit
antenna gain, and receive antenna gain.

— The decrease in power as a function of frequency is caused by the decrease in the

antenna aperture. e

oooo

The Good News: - .
Higher frequency antennas elements are smaller SRRy X
Easier to assemble into electronically steered arrays BTN
Reduced interference. Energy goes where it's needed IBM 94 GHz Array

. Can Tile for Larger Arrays
Improve performance in dense crowds (5G goal) IBM Press Release. June 2013
Higher frequencies=wider bandwidths: faster (5G goal)

Challenges:

* Increased complexity with more elements
» Multiple antenna arrays required for spherical coverage
» Discovery and Tracking (mobile devices)

Keysight
Measurement
Forum
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Massive MIMO

— Description: Massive MIMO is Multiuser MIMO (MU-MIMO) where the
number of base station antennas is >> the number of users to improve
the SINR

— Motivation: Higher Reliability, Higher Throughput, Lower TX Power

0
2

User Data Stream 1
e

User Data Stream 2

User Data Stream 3

User #1

...........

Precoding

User Data Stream K
e

User #K

N-antenna BS

Keysight
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Beamforming

« Beamforming Gain (dB) improvement compared to
omnidirectional or broadcast transmission/reception.

» Increase cell-edge throughputs

* Increase cell coverage

- UE1

« Spatial Selectivity improvement

"~ UE2

« Mitigate inter-cell interferences

Base eNB2

« Mitigate inter-user interferences Station

* Improve spectrum efficiency
(SDMA, Space Division Multiple Access)

Base
Station

Keysight

KEYSIG HT ‘ Measurement

TECHNOLOGIES Forum
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In-Band Full Duplex (IBFD)

What is it?

— Today, FDD and TDD radios are half duplex — can not transmit and receive

on same channel at the same time

« Why? self-interference is much larger than received signal

— In-band full duplex (IBFD) allows simultaneous transmission and reception
on a same channel — theoretically up to 2x spectral efficiency

« This would require self-interference cancellation

Interference

eNB \Tr

] Small Cell

Self Interference

~

_—
S

STA1

KEYSIGHT

TECHNOLOGIES

Backhaul on radio
access frequencies

STA 2 Point-to-Point links

Keysight
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New Air Interface for 5G

— New air interface for sub-6 GHz and > 6 GHz are being researched for the

various 5G use cases

— New waveforms, modulation formats and multiple access schemes are being

researched for both < 6 GHz and > 6 GHz

Multiple Access Scheme | Waveform Type Modulation Format

FDD « OFDMA  Single-carrier « OQPSK
« TDD « SCMA » Multi-carrier: « QAM
* Flexible < NOMA « CP-OFDM * New constellation ma
Duplex + MUSA « FBMC pping
 FullDup < plus more... « UFMC/UF-OFDM < plus more...
lex « GFDM
* plus more
Note + Orthogonal Frequency Division Multiplexing(OFDM)

For < 6 GHz, it is most likely both FDD and TDD will be deployed
vs. TDD only in mmWave

For < 30 GHz, it is most likely multi-carrier waveforms such as
OFDM, FBMC, UFMC will be deployed vs. single carrier waveform
in mmWave bands

KEYSIGHT

TECHNOLOGIES

* Filter Bank Multicarrier(FBMC)

+ Universal Filtered Multicarrier(UFMC)

 Universal filtered OFDM (UF-OFDM)

» General Frequency Division Multiplexing (GFDM)

+ Orthogonal Frequency Division Multiple Access (OFDMA)
* Non-orthogonal Multiple Access (NOMA)

+ Sparse Code Multiple Access (SCMA)

* Multi-User Shared Access (MUSA)

Measurement

Keysight
Forum Page 17



Candidate Waveforms
Multicarrier waveforms and filter operation

Some contenders:

— Cyclic Prefix based OFDM (CP-OFDM) — used in LTE ~ ofoM SRR RRRREnER
* Filter per full-band, uses cyclic prefix to separate symbols ] ] T
* Not efficient for small packets

— Filter Bank Multicarrier (FBMC)
* Filter per subcarrier, reduced side lobes, no cyclic prefix
+ Offset-QAM (OQAM) used to achieve orthogonality

- >

nNoOA
FEMC T T

— Universal Filtered Multicarrier (UFMC)
» Also known as universal filtered OFDM (UF-OFDM)
+ Filter per sub-band, reduced side lobes, no cyclic prefix \ . . \
 Claim to be efficient for both large and small packets UEMC T tt T t T T t T ‘|‘ t T T T T T

*+ QAM may be used for modulation

par sub-hand

OFDM vs. FBMC Spectrum (Filter Overlap factors =2,3.4)

| SPECTRUM_FPN_Power

" ¢ - - = UFMC

. L/ N[ a = e BN
JEsESE | ==
o — FBMC Filteréwerlap aclor =4 : %. ,. iT

w0 — FBMC FilterOverlapFactor =3 ET CEtEE=/ s : -

— FBMC FilterOverlapFactor =2 === R IEER SRS R fm ;

e AN — e e B e e i

OFDM vs. FBMC using different T

. FBMC fragment trum UFMC multiplex of sub-bands
filter overlap factor C fragmented speciru P

Keysight
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Multiple-Access Techniques

— Orthogonal Frequency Division Multiple Access (OFDMA)

» Resource-Block (Sub-Carrier/Time) domain orthogonal technique

— Non-orthogonal Multiple Access (NOMA)

+ Power-domain quasi-orthogonal technique

— Sparse Code Multiple Access (SCMA) and Multi-User Shared Access (MUSA)

» Code-domain, quasi-orthogonal techniques

OFDMA f NOMA f SCMA f

Keysight
Measurement
Forum
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5G Applications at mmWave
Small cells access and backhaul

— Signals in mmWave attenuates quickly. This
means smaller cell size i.e. Small cells

— Abundant mmWave contiguous spectrum =
very high overall system capacity

— “Great Service In a Crowd” is one of the
visions of 5G.

« mmWave small cells will enable ultra-dense
deployment in large cities and very crowded
locations, ex. stadiums, with high guaranteed
throughput

— mmWave enables very efficient frequency
reuse, allowing small cells to be placed
close enough to enable high capacity

— mmWave is also used for small cell
backhaul, line-of-sight (LOS)

Note: 5G will also be used for Macro Cells using sub-6 GHz frequency.

KEYSIGHT

TECHNOLOGIES

4G
sub-6 GHz
acro Cell

-
& =5

=z ®

5G mmWave Small Cells

4G/5G sub-6 GHz Macro Cell

Keysight
Measurement
Forum
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mmWave Design Challenges

High Frequency | High Bandwidth High Path Loss High Data Rate

Phase Stability High IF Converters Directional Antennas Power consumption
(use 2" Nyquist) Usually Required
Amplifier Efficiency | and Q channel Large codebook Algorithm Complexity
match over frequency space for Beam
Steering
Output Power Integrated Noise Beam forming Prototyping (FPGA's
Power complexity usually not fast
enough)
Antenna Complexity IF/RF Flatness Robust Modulation IO (memory,
and Coding (MCS) interfaces to CPU’s
etc)
Quadrature Errors A/D and D/A Discovery and High sample-rate
(Homodyne) Converters Tracking affect MAC  data to/from
(power consumption) and MCS converters

Keysight
Measurement
Forum
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mmWave Design Challenges

High Bandwidth « Larger signal bandwidths means...
greater amounts of noise power

» Drives requirements for antenna gain,
and receiver noise figure

Integrated Noise Power

» Receiver sensitivity can be problematic

|ﬁ Keysight Spectrum Anal (Prototype - Limited Sale Allowed) oo mESm BE Keysight Spectrum Anlyzer - Channel Power (Prototype - Limited Sale Allowed) = || G| S|
0L RF | SENSE:EXT| [ MALIGN OFF [11:50:04 AM Oct 26,2015 M et d L RF 500 DC | SENSE:EXT] [ /MALIGN OFF [11:51:11 AMOct 26, 2015
Integration BW 500.00 MHz Center Freq: 4000000000 GHz Radio Std: None S Integration BW 5.0000 MHz Center Freq: 4.000000000 GHz Radio Std: None Meas Setup
[ Trig: Free Run Avg|Hold:>10/10 ] Trig: Free Run Avg|Hold:>10/10

#FGain:Low #Atten: 10 dB Radio Device: BTS Avg/Hold Num #FGain:Low #Atten: 10 dB Radio Device: BTS Avg/Hold Num

10 10

oOn Off on Off

Ref -10.00 dBm iemm—— Ref10.000Bm =~ e

AvgMode AvgMode

Exp Repeat Exp Repeat

| B ] | s

Integ BW Integ BW

500.00 MHz 5.0000 MHz

VBW 50 MHz VBW 680 kHz

Channel Power Power Spectral Density Channel Power Power Spectral Density

PhNoise Opt

Fast Tuning >

-3.88 dBm /500 MHz -90.87 dBm /Hz N -2.28 dBm /5 MHz -69.27 dBm /Hz e

Keysight
KEYSIGHT Measurement
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mmWave Design Challenges

High Path Loss

Directional Antennas
Usually Required

Large codebook space
for Beam Steering

Beam forming
complexity

Robust Modulation and
Coding (MCS)

Discovery and Tracking
affect MAC and MCS

University of
AL BRISTOL

« Station discovery requires search protocols

* Need to establish correct aim of highly directional antennas, or
use wide beam (low gain) for discovery

« MAC/PHY must support wide range of device capabilities

Keysight
Measurement
Forum
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mmWave Design Challenges

High Frequency/BW

Phase Stability

| and Q channel match
over frequency

Quadrature Errors (Hom
odyne)

» Phase stability / frequency accuracy
* Quadrature errors
« DC/LO feedthrough

* Frequency Dependent
| / Q Mismatch

Keysight
Measurement
Forum
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Issues Facing Cellular mmWave Connectivity

1. Holding it the wrong way
2. Body shadowing

3. Moving vehicles

Reflected

4. Outdoor to indoor coverage

Transmitted

5. Can we afford to build a high
enough density mmWave
network with the ability to

maintain multiple links per user?
KEYSIGHT

TECHNOLOGIES Page 26




Channel Models are Critical for 5G

Very little experience with radio-access technologies in the mmWave bands.

Need 3D models [Q—i

Directional antennas required. New concept for mobile devices
Propagation through materials. Signals will pass through walls, even at 60 GHz.
Channel dynamics affects signal design and beam forming (algorithms and MAC design)

Interference (sidelobe performance requirements, null steering)

For Massive MIMO the channel model affects:

KEYSIGHT

TECHNOLOGIES

Choice of frequencies for the technology. 3, 6, 15, 28, 39, 60, 70GHz?

Antenna design, number of antennas required

Amplifier design (dynamic range, power, ACPR and other nonlinear behaviors such as AM/PM)
Signal design (coherence time)

Reciprocity calibration accuracy

Total power requirements (especially for the BS)

Measurement

Keysight
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5G Channel Sounding
Understand characteristics of mm\Wave channels

Technical Challenges
RF Channel

— Signal generation and capture

V. N
/ - mmWave frequency band

x(t) y(t)
» Ultra-broad bandwidth

< 6GHz, 10 GHz, 15 GHz, 28 GHz,
38 GHz, 60 GHz, 63 GHz, 73 GHz . ..

Channel Parameter Extractions:

e Multi-channel

Data streaming & storage

Path loss, absolute path delay, power delay — Channel parameter estimation processing

profile (PDP) — Calibration and synchronization

AoA/AoD
Doppler Shift
Keysight
KEYSIG HT Measurement
TECHNOLOGIES Forum Page 28




5G Measurement Opportunities

mmWave Optical/Wireless
components Interface
[ Massive MIMO ]
)|..

|
Optical/Wireless |
Interface

mmWave
Channel

4 Optical/Wireless
Interface

Highspeed Digital
Interconnect

mmWave

components I User Experience ]

[ Multi-RAT 2

| ]
\
. —
— T o

Keysight
KEYSIGHT

Measurement
TECHNOLOGIES Forum
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5G Early Research
New Technologies -> New Challenges -> New Measurements

100x Data
Rates

Requires Enabling Technologies

— Some research topics are:
* RF & pW (< 6GHz):

Drives Measurement
Demands

1000x
Capacity

100x

Densification

1lms Latency

Reliability
99.999%

100x Energy
Efficiency

KEYSIGHT
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New PHY/MAC; up to 200 MH
z BW

uW & mmWave (> 6 GHz):
New PHY/MAC
500 MHz to 2 GHz BW
(depending on frequency)
Channel models at mmWave:

Very little experience with radio
-access technologies in the

mmWave bands

New waveform types and
radio access technologies

Multi-antenna technologies
such as Massive MIMO

1.

Quantify new modulation &
multiple-access schemes

. Measure wide bandwidths,

high frequencies, fast bit
rates

. Measurement & calibration

of smart antennas

. Modeling & validation of
new networks

Keysight
Measurement
Forum
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Keysight Test Solutions for 5G Research
Benchtop and modular signal generation and analysis

Wideband RF/uW/mmWave Channel Sounding Sub6 GHaz MIMO Massive MIMO
Reference Solution Reference Solution blo= z Transmitter & Receiver
Signal Generation & Analysis  [# - Phase Coherent Signal M8195A 65 GSals Arbitrary
; Generation & Analysis _ | Waveform Generator with

M8197 Synchronization
module

M9703A AXle 12-bit High-
Speed Digitizer/Wideband
Digital Receiver

T S W
e . e I

Isolater, Bandpass Filter, Attenuator

SystemVue Simulation Signal Studio Software
Software with 5G Library with Custom5G ~  Custo
SystemVue w : : ~- — o
Keysight
KEYSIGHT Measurement
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Keysight Research Partnership & Collaboration

C Samsung C Docomo
Electronics mmWave Channel

R ' 5GPPP ETP Korea T_elecom
Multiple C ;~ Multiple R 5G MFJapan

s

> & ¥

’ » A ol »_‘:2:; Wit |V|U|t|p|e

U NYU W‘ireless .l A ?"; S \ ('" 5G Forum Korea

MW ave R Multiple

»V\R FutureForum China B
U . Multiple
UC San Diego P mMmMAGIC : N
Multiple mmWave Air Interface C  china Mobile

MIMO & TestBed § U Kwangwlooln Univ
Multiple

Recent Collaboration Announcements in Media

— Keysight Technologies Collaborates with University of Bristol on 5G Wireless Technology Research
http://about.keysight.com/en/newsroom/pr/2015/08sep-em15125.shtml

— Keysight Technologies Collaborates with NTT DOCOMO on 5G Wireless Communication Systems:
http://about.keysight.com/en/newsroom/pr/2015/22jul-em 15104.shtml

— Keysight Technologies, KT Corporation Sign Memorandum of Understanding to Collaborate on 5G Technology Development ~
http://about.keysight.com/en/newsroom/pr/2015/24jun-em15094.shtml

Key
@Commercial Collaboration
@ University Collaboration
(® Consortium Research Project
®) Regional/Country Consortium

— Keysight Technologies Participates in Joint Demonstration on Next-Generation 5G Wireless Communication Systems with China
Mobile at Mobile World Congress, Feb 27, 2015 http:/about.keysight.com/en/newsroom/pr/2015/27feb-em15047.shtml

— Keysight Technologies Joins NYU WIRELESS to Advance 5G Mobile Technology, Dec 8, 2014 e
http://about.keysight.com/en/newsroom/pr/2014/08dec-em14178.shtml U NTU Tal p ei

— Keysight Technologies and Kwangwoon University Radio Research Center Co-host 5G and mmWave Workshop, Dec 4, 2014 Multiple
http://about keysight.com/en/newsroom/pr/2014/04dec-em14174.shtml g

\ 4

— Keysight Technologies Supports B4G/5G Technology Development at National Taiwan University’s High-Speed Radio Frequency ’

and mmWave Center, Oct 21, 2014 http:/about.keysight.com/en/newsroom/pr/2014/240ct-em14155.shtml Keysight
— Keysight Technologies Joins 5G Forum in South Korea, Aug 11, 2014 Measurement
http://about keysight.com/en/newsroom/pr/2014/11aug-em14115.shtml Forum Page 33
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SystemVue 5G Baseband Exploration Library
Industry’s first 5G baseband exploration library

W1906BEL 5G baseband exploration library - A flexible platform for innovation

» Physical layer modeling of 5G PHY candidate and MIMO
« C++ source code enables early research, with a versatile simulation platform
« Keysight is committed to evolve toward the world’s first 5G standard compliant library

P AT o LI
Modeling New Physical Layer Multi-Antenna Techniques Platform Enables “V” Lifecycle Tackling Multi-Domain Issues
— Provides 5G candidate TX/ — Advanced / adaptive signal — Realistic RF environments — Integrates with additional
RX waveforms processing — Polymorphic Baseband technology domains
* Multi-carrier modem Tx/R * MIMO modeling « SystemVue
X processing chain » Digital beamforming * Custom C++ model « ADS/EMPro
» FBMC,OFDM, etc... — Combined 2D/3D MIMO builder :
’ ’ * K ht Inst t
_ Usable with 4G standard channel simulation(W1715) - MATLAB® eysight insiruments
library * HW implementation
Keysight
KEYSIGHT Measurement
TECHNOLOGIES Forum Page 34




N7608B
Signal Studio

for Custom Modulation

N7608B Signal Studio for Custom Modulation o
» Flexible suite of tools that simplifies creation and
modification of custom waveforms:

- 5G waveforms: FBMC,GFDM,UFDM and F-OFDM @

KEYSIGHT
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File Control Sys
=2 =

El-Hardware

i & Instrument =
File Control System Tools Help B Waveform Setup |27 Quick Setups ~ _RSave to 896008 Setup File |
- Custom OFDM waveforms SELLE B C.com oo I B 1. 0FOM Setinge
G- Hardware L. Resource Mapping FET Lenath
Instrument I
B Waveform Setup # Add - X Remove 53 Copy 4 Up & Down | ¥ Constellation Settings |

- Custom 1Q waveforms

(- Custam OFDM

Enabled | Symbol Index Subcamier Index | Mapping Type | Boost Level | Modulation Payload / 1Q Values

#

[ [Peembel oo [07 —  [20014021 [Prable 142 [0
2 Preamble2 On 23 -26:-11:26 Preamble 1.000 N/A
3 Datal Cn 4 -26:-1.1:26 Data 1.000 BPSK
4 Dataz Cn 563 -26:-11:26 Data 1.000 B4GAM
5 Pilot On 463 2372 Pilot 1.000 BPSK

ol m

*Signal creation companion to the 89600 VSA
software (options BHK & BHF) modulation analysis

Subcarer Index 4444424

Resource Mapping Preamble

Bcost Level 1472

12 Values 1.1-1-11.0-1-1.-1-1.1. 1. [48 number Aray]

Resource Mapping  Resource Modulation

I Cammra—ag R082SRREEESS
i = § o outal 25ts
6 = =18 992 ) 33

Ready |Not connected

N7614B Signal Studio for Power Amp Test

N7614B

Crest Factor Reduction Before CER ¥ After CFR Signal Studio
for Power Amplifier Test
4 1. Basic e o s 06
CFR Algorithm Peak Windowing 10% 3.65 dB 10% 3.65 dB
Target PAPR 8.00 dB 1% 6.55 dB 1% 6.50 dB
Max Iteration 10 0.1% 8.50 dB 0.19% 7.90 dB
g‘i" Windowlength ig 0.01% 1065dB 0.01% 7.95 dB
eta
0.001% 11.65 dB 0.001% 7.95 dB
0.0001% 1165 dB 0.0001% 7.95 dB
Peak 11.65 dB Peak 8.00 dB Keysight
KEYSIG HT AEVM --- 96 AEVM 2.20 % Measurement
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Keysight Arbitrary Waveform Generators

Choose the performance you need

» High Resolution \) M8196A
» Wide Bandwidth _ . M8195A
. M8190A M8195A .| M8195A
8 bit 65 GSals 8 bit 96 GSa/s
M8190A 25 GHz analog bandwidth | 32 GHz analog bandwidth

14 bit 8 GSa/s /
12 bit 12 Gsals

5 GHz analog bandwidth

Highest speed, bandwidth Highest speed, bandwidth
and port density in a 1-slot and port density in a 1-slot
. : AXle module AXle module
Best signal quality and
OGS RNl Up to 4 channel on 1 module Up to 4 channel on 1 module
Jitter 5 ps pp @ 32 Gb/s | Jitter 5 ps pp @ 32 Gb/s
2 channel on 1 module SFDR: up to -80 dBc SFDR: up to -73 dBc

SFDR: upto-90 dBc . Integrated 16-tap FIR filter \

Keysight
Measurement
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Keysight mmWave Signal Generators

a o2 - ‘:

= i RE @

E; o ‘:: L = ig L\"! EEE :;

:~* D00 DO @S | r;i -g i !_L!A& i

The agile UXG Analog The High Performance PSG,
N5193A, Up to 40GHz E8267D, Vector, 31.8, 44GHz

&

&)

c

©

§ The High Performance Analog E8257D/67D + mmW Source
= PSG

qq:) E8257D, 31.8, 40, 50, 67GHz Module, up to 500GHz

al

The Pure and Precise MX
N5183B, Analog, up to 40GHz ‘\\: -

The Cost-Effective EXG E8257D/67D + VDI mmWwW
N5173B, Analog, up to 40Ghz Source Module, up to 1.1THz

Keysight
KEYSIG HT Measurement
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Agilent & Keysight Third party mixers
waveguide harmonic available for sale as VDI millimeter wave

X-Series Benchtop Signal Analyzers = | [epaiiy=e

The Benchmark for Accessible Performance

L]
110 GHz 220 GHz 325 GHz A1 THe

Extend frequency to 325 GHz and beyond!

UXA
PXA Wide-open performance
Benchmark for demandi
MXA ng applications + 3 Hzto50GHz,
EXA Optimum choice for 1 GHz BW
CXA M.ax.imum value up to wireless . 3Hzto50GHz, * Real-ime spectrum
millimeter-wave analysis
. 510 MHz BW . .
Leading low-cost tool . 10 Hz t026.5 GHz, - DDSLO » Deeper views of elusive
* 10 Hz to 44 GHz, 160 MHz BW * Real-time spectrum . ggi vr:greebzg?j f;?(re]:alf)ur
- 9kHzto 26.5 GHz, 40 MHz BW - Real-time spectrum analysis il y
25 MHz BW + Enhanced phase noise analy;i:s _ * Measurement options 9
« Enhanced phase noise «  Find answers faster with *  Flexibility to quickly adapt that range from excellent
» Cost-effective testing in tighter margins and to ev_olvmg test to exceptional
general-purpose and shorter test times requirements today and
educational applications tomorrow
X-Series applications ||
89600 VSA software

Ready-to-use measurements

Comprehensive demodulation & vector signal analysis

» Phase noise, noise figure, analog demod
 Pulse, LTE/LTE-Advanced, W-CDMA !

Keysight
Measurement
Forum Page 38

KEYSIGHT

TECHNOLOGIES



Z9071B mmWave Wideband SA solution

X-Series SA + M1971E + Scope + 89600 VSA

2GHz analysis BW for 55-90 GHz carriers

Keysight UXA/PXAMXA/EXA DSOS804A S-series

— Scope w/ 89600 VSA

ee— —

A A

——gle | - " LOIIF

ol il

10 MHz REF out

Scope and VSA
provide digital
demodulation for WB
signal over 2 GHz

X-Series SA provides mixer control,
carrier characterization, and WB
spectrum analysis

mmW WB signal input
Waveguide WR-12

M1971E WB smart mixer
(Opt 001: 60-90 GHz
Opt 003: 55-90 GHz)

Keysight
Measurement
Forum
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Keysight mmWWave Infiniium Series Oscilloscope

5

|

wofs  «f8 s oS =

i

S-Series
250 MHz - 8 GHz

World’s fastest 10-bit
ADC scope

Mixed signal
oscilloscope models
available

20 GSa/s on 2 ch, 10
GSa/s on 4 ch

90000A Series
2.5 GHz -13 GHz

* Low noise/jitter
* 40 GSal/s on 4 ch

* 1 Gpts max memory
depth per channel

« 12.1" display

15.4” display

KEYSIGHT

TECHNOLOGIES

— e Q&
=X X S
e -Qt G Q
QIQ:C\

Qe

02 o

V-Series
8 GHz - 33 GHz

* 2chupto 33 GHz
4 ch upto 16 GHz

e 80 GSal/son2ch
40 GSa/s on 4 ch

 World’s fastest MSO

* Industry’s lowest noise

* 12.1” capacitive touch

ay 1608
=i ] ®
m oE=o
a 0o
8 Qo
sl oo
- Oo
A
0O O O @@@m
— =

Z-Series
20 GHz - 63 GHz

* 2chupto 63 GHz
4 ch up to 33 GHz

e 160 GSa/s on 2 ch
80 GSa/s on 4 ch

* Industry’s lowest noise

+ 15.4” display

2 Gpts max memory

Using the 89600B VSA software, these oscilloscopes
can be useful demodulators, especially for very wide
bandwidth and high frequency signals

Keysight
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Keysight mm\Wave Vector Network Analyzer

. = g [

RF & Microwave Test Accessory Product Portfolio @ g

mmWave/THz VNA System
PNA/PNA-X+(mmW Controller+mmW

Test Head
Up to 2THz

PNA-X(N524XA), NVNA

Industry-leading performance
10 M to 8.5/13.5/26.5/43.5/50/67 GHz

2-port PNA with U3022A E10 test set

PNA multi-port

VNA System
50GHz, up to 24 ports
70GHz, up to 16 ports

PNA(N522XA) Performance VNA
10 M to 8.5,13.5/26.5/43.5/50/ 67GHz

PNA-L(N523XA) World’s most capable value VNA
300 kHz to 8.5, 13.5, 20 GHz, 10 MHz to 43.5, 50 GHz

KEYSIGHT

TECHNOLOGIES
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Keysight mm\Wave Power Measurement

9KHZ'1 1 OG HZ Power Peak Power Analyzer
*» Peak, Average, CCDF (<30MHz VBW)
Meter & Sensor »——~ « Pulse MeaSl?rement

)
8 .
4 Selection
O -Series P-Series LXI
E * Peak, Average, CCDF » Peak, Average, CCDF (<30MHz VBW)
(ol (<30MHz VBW) » Compact, modular, faceless
» Wireless Networking
(WLAN, WiMAX, MIMO)
N1914A EPM Power meter
* Peak & Average (<5MHz VBW) + V/W8486A waveguide sensor (Average Power)
* Wireless Com (GSM, EDGE, - 50-75GHz, 75-110GHz -30 to +20 dBm
- EPM WCDMA, Bluetooth, etc) - NB8488A 67GHz Thermocouple Power Sensor
By o - Average Power ° Radar Pulse Tr>200ns - 10MHz — 67GHz, -35 to +20dBm
SaRy * R&D & Mfg (Std Rack Size)

- Connector type: 1.85mm (male)

/ F @ = Military & ATE Systems —
(‘ § - <=

Handheld USB Sensors
Power Meter « Average Power
. Average Power * Low Cost Solution

« Handheld solutions  * S'M market, R&D & Mig

Measurement
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5G MIMO Channel Sounding Reference Solution

Hardware
System

M8190 12GHz

PA ANT
853328 50GHz _,—}—fﬂ
SPAT Switch
— 4,—’—‘:1
A
L -
S | 4450 Digital
"R 10 Switch
A Controller
E8267D
mmWave
Signal
Source

BW AWG

Software
System

Rubidium Clock

Controller

ANT LNA

w:-{{:—’—

Receiver

I BPF

M9362A 50GHz
Quad
Downconverter

N5173B
40GHzLO

‘ RT
autocorrelation

______________________ Y A
|
|
Transmitter Receiver
Config&Control Config&Control

Automatic HW Config&Control

‘ RT calibration l

RT data
streaming
to RAID

RT IPs in M9703A

5G Channel Sounding Reference Solution
www.keysight.com/find/solution-5GSounding

*f M9703A
8CH
. Digitizer

Agilent

Channel Measurement Results

Faat 7P
Fop

Rust iy P

Path Index  Path Delay (ns) Path Loss (dB) AoA (deg)

SystemVue

Elect

em-Level Design

1
2

2.5 -53.482 -6
575 -54.002 -5.75

AoD (deg)

10
35

Q Upto 44 GHz
QO Upto1lGHzBW
O Up to 8x8 MIMO

BENEFITS:

wide calibrations, precise timing and synchronization

* Accurate broadband, multi-channel channel sounding measurements with system-

» Fastest, real-time data capture and processing of multi-channel CIR data
» Scalable to more channels and future 5G development



http://www.keysight.com/find/solution-5GSounding

Flexible Testbed for 5G Waveform Generation & Analysis

63 GHz Infiniium
oscilloscope with . 1 UXA N9040B

89600 VSA software S e—— S e

M8190A AWG
with SystemVue W1906
5G Baseband
Exploration Library and
N7608B Signal Studio
for Custom Modulation
software installed on
embedded controller

44 GHzZ E8267DPSG  §| Mar=
vector signal 1 R
generator with
wideband 1Q inputs i N5183B MXG
2~ —= microwave analog signal
L generators for upconverter/

w downconverter LO’s

Millimeter-wave _éH.Z. -
upconverters / < :

downconverters =

~  Keysight 58-6.

T

VDI 60-90 GHz
*Note: Different test equipment configurations may be used dependent on frequencies and bandwidths
Keysight
KEYSIGHT Measurement
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Case Study - Wideband OFDM 64QAM at 28 GHz

500 MHz BW Modulation 1 GHz BW Modulation

with Channel Equalization Enabled with Channel Equalization Enabled

File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help wl | . Rng 12 dBm
(211 Nse) [ ] - R W I M i R[50 %) 0% | Color Normal
A; Strml OFDM Meas C: Strm1 OFDM Err Vect Spectrum E: Chl Search Time

| B: Ch1 Spectrum + o ’;} : Chi OFOM Data Burstnfo

P (PR

B: Chl Spectrum D: Chl OFDM Error Summary
dBrmn

000173

2.2%

(-33dB)

Sp
TimeLen 36,36

Keysight

KEYSIGHT Measurement
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Case Study - Wideband Single Carrier 72 GHz

2 GHz Wideband Single Carrier Modulation 4 GHz Downconverter Output
After Corrections without Adaptive Eq. (7 GHz IF > 72 GHz - 4 GHz IF)

Keysight
Measurement
Forum
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Combined 3G, 4G, 5G Waveforms- Channels 1 and 2 of the M8190A AWG

5G Candidate Waveform Co-Existence Example C O eXI Ste n C e
R scenario and evaluation
= 5G Candidate Waveforms- e (o) _
o it se || Channel 1 of the M8190A AWG 3G 4G Legacy Waveforms-
S EDGE  ([)-»af> Channel 2 of the M8190A AW

LTE (4G Legacy Waveform)

G'Eﬂﬁtm-{;.[o

esm (O

Channel 1

£,
WCDMA (=)

ru Kay ight Spectrum Analyzer SweptSA
Q

Center Freq 2 000000000 GHz

PNO: Fast —»—
IFGain:Low

| SENSE:INT] SOURCE OFF |
Avg Typ|

Trig: Free Run
Atten: 6 dB

Ref -20.00 dBm

Zigbee (i} -

Notched FBMC

F—
P
.
/;—»—-[\/—u—\
T [

wean (5) e

Channel 2

a)

Custom
OFDM UFMC
CDMA

GSM
EDGE : LTEl

GFDM

Center 2.0000 GHz
#Res BW 10 kHz

Span 300.0 MHz
VBW 10 kHz

[EDGE Evo

DVB-TH
with T2

Phase Noise

Analog
Demod

IQ Analyzer
(Basic)

More
10f5

Sweep 63.40 ms (1001 pts) —
STATUS @A\lgn Now All required

© Keysight Technologies, 2016 ‘
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Coexistence of 3G, 4G Waveforms
with Candidate 5G Waveforms

SM/EDGE/EDGE Evolution - Keysight 3600 VS Software (64bi)

Fle Gt Comol Souce it MesSep Tace Mares Vindow Unites Hep

Qe LYCIEE - IR (M. olor Norm
& £ Chl Search T

e T
b= Thil Fros A

.00 S 0 o S

AMW ATy
WCDMA .

Ret -20.00 dEm =
2 IEEE 8021 1b/g DSSS/CONPRCC

Keyeight 89600 VSA Software (64-bit

2 Digits Demod - Keysight 89600 VSA Softvare (64-5i)

(i[> @ &)~

[ o055 s Tome

Flease Noise)

Analeg|

WENWT 10 kHz

= Al NN Mo Alre
—

© Keysight Technologies, 2016
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Fle Edt Control Source Input MessSetup Troce Markers Window Utiities Help

LR BV HM

[ O[F. @8-

4 Chl OQPSK Meas Time

Keysight
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New Whitepaper- Download it from:
www.keysight.com/find/5G-insight

KEYSIGHT

TECHNOLOGIES

Keysight Technologies
Implementing a Flexible Testbed
for 5G Waveform Generation and Analysis

White Paper

Greg Jue, Keysight Technologies

Sangkyo Shin, Keysight Technologies

Abstract

A challenge of today’s 5G research is the many waveforms,
frequencies, and bandwidths being investigated. This includes
waveforms at frequencies below 6 GHz, as well as waveforms at
microwave and millimeter-wave frequencies. In addition, some of
‘the waveforms may involve wide bandwidths. These introduce new
test challenges for 5G signal generation and analysis—flexibility is
key for today’s BG research. This whitepaper will discuss some of
the candidate waveforms, and then introduce a new flexible testbed
for 5G waveform generation and analysis. This testbed combines
software sclutions with test equipment to investigate and to perform
“what-if" scenarios for new emerging 5G waveform applications.
Co-existence scenarios between candidate 5G and 4G waveforms
will be i d. Wi signal gs vand analysis case
studies will be shown at microwave and millimeter-wave frequancies
with modulation bandwidths up to 2 GHz.

© Keysight Technologies, 2016
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Thank You !
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