5G Technology Overview and
Measurement Solution

You Gwang-Yeol

KEYSIGHT

TECHNOLOGIES




Agenda

= 5G Vision & Enabling Technologies
=  5G Timeline & Standard update
=  mmWave System considerations

= 5G Solution in Keysight
v HARDWARE+SOFTWARE+PEOPLE=5G INSIGHTS

v' Measurement examples

KEYSIGHT ‘

TECHNOLOGIES

Page



https://www.youtube.com/watch?v=8I1xKEX8zSc
KEYSIGHT

TECHNOLOGIES

Page 3


5G_90_FINAL_101716_Kor_1s.mp4

EMOBILE A
WORLD CONGRESS d »
BARCEL

4

MWC 2017 Trends e
KEYWORD : 5G, loT, Al, Connected Car, Robot, MR " EEé(I.VIrENT"
Autonomous Driving Artificial Intelligence .W

Industry 4.0

et g O G
1 ‘ ""x N "
= gla=(8) ¢ E]'“ﬁ

=

KEYSIGHT

TECHNOLOGIES fodems

Page 4



5G Drivers and Vision

Massive - 100x Data
Growth in X
Mobile Data For the User* L e ]
bemand Amazingly fast
gy L 1000x ]
Massive L '
Growth ilx NoO. Great service in a crowd Capacity
of Connected 100x
Devices ' e
vi Best experience follows you Densification
Exploding Super real-time and 1ms L
Diversity of reliable communications ms Latency
Wireless
Applications o —
Ubiquitous things communicating L Reliability ]
Dramatic *Courtesy of METIS 99.999%
Change in User
Expectations 100x Energy
of Network S E = s Efficiency
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5G Key Performance Indicator from ITU-R
IMT-2020 vision

KPIs and Proposed 5G use cases

Peak Data User Experienced
Rate (Gbit/s) Data Rate (Mbit/s)
/ .- Enhanced Mobile Broadband (eMBB)
S
S
Area Traffic Capacity O"l/ Spectrum

(Mbit/s/m?) « Efficiency

___Ultra-reliable and low
"~ latency communications (UL/LL)

Additional KPI for . 100x |
IMT-2020 Network Energy
Efficiency

\7/:"\,//5,00 Mobility
Reliability T

P (km/h)

Average spectral efficiency .. Massive machine-type

S Co S = communications (MMTC)
Mobility interruption time Connection density Latency (ms)

Bandwidth (devices/km?)

5th percentile user spectral
efficiency

TECHNOLOGIES

KEYSIGHT

Page 6



Proposed 5G Use Cases

(eMBB)

Enhanced Mobile Broadband

» 10-20 Gbps peak
* 100 Mbps
whenever needed

 10000x more
traffic

« Support for high
mobility (500
km/h)

* Network energy
saving by 100
times

Virtual Reality

Augmented
reality
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(mMMTC)

Massive Machine Communication

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

* Long range

» Low data rate (1 -
100 kbps)

« M2M ultra low cost

« 10 years battery

« Asynchronous
access
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Ultra reliability and low latency

Driverless car

Ultra responsive

* <1 ms air
interface latency

* 5 ms E2E latency

Ultra reliable and
available
(99.9999%)

Low to medium
data rates (50 kbps
- 10 Mbps)

High speed mobility

Remote surgery

Y 1
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5G: A Broad Spectrum of Opportunity
The Mobile Data Future

Tomorrow’s 5G Network
v" Great Service in a Crowd

v' Amazingly Fast, Reliable, Real-time

Gateway to
Competing NW
0|

v All Things Communicating

v' Centralized and Seamless Networks
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5G Enabling Technologies

1 GHZ 1D GH 100 GH 1THz 1UITHZ 10[i THz 1PHz

I ||HI Lol L) el L L) -
Frequ ency
Dc Wavﬂengmm rowave ~Mm-Wave e
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Far IR Infrared
T |||||\||\ |||

10 cm 1 cm 100 um

Evolution of existing technology + Revolutlon of new technology

New Technology .

(Revolution) N

Microwave and mmWave frequency bands

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 (NR)
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 (NR)
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

[~ Daylight
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Increasing Frequencies: Challenge and Opportunity

Free-space Path Loss

Powergy = Powerry + AntGaingy + AntGainyy — 20log,o(4mR) - 20log4, ({)
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.

T T ,

The decrease in power as a function of frequency is
caused by the decrease in the antenna aperture.
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The Good News:
» Higher frequency antennas elements are smaller

« Easier to assemble into electronically steered arrays IBM 94 GHz Array

* Reduced interference. Energy goes where it's needed 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)
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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
Duplex + MUSA « FBMC mapping
* Full * plus more... « UFMC/UF-OFDM < plus more...
Duplex « GFDM
* plus more
Note + Orthogonal Frequency Division Multiplexing(OFDM)
* Filter Bank Multicarrier(FBMC)
For < 6 GHz, it is most likely both FDD and TDD will be deployed + Universal Filtered Multicarrier(UFMC)
vs. TDD only in mmWave « Universal filtered OFDM (UF-OFDM)
For < 30 GHz, it is most likely multi-carrier waveforms such as + General Frequency Division Multiplexing (GFDM)
OFDM, FBMC, UFMC will be deployed vs. single carrier waveform . Orthogohnal Frelquerlwyl Division l\?ultiple ;\CCESS (OFDMA)
; * Non-orthogonal Multiple Access (NOMA
in mmWave bands + Sparse Code Multiple Access (SCMA)
* Multi-User Shared Access (MUSA)
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WPOWER

Candidate Waveforms
Multicarrier waveforms and filter operation

— Cyclic Prefix based OFDM (CP-OFDM) — used in LTE
* Filter per full-band, uses cyclic prefix to separate symbols
* 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

— 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

* QAM may be used for modulation

'OFDM vs. FBMC Spectrum (Filter Overlap factors =2,3.4)
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— FBMC Filtertiverlap actor =4
— FBMC FilterOverlapFactor =3

— FEMC FilterCverlapFactor =2
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OFDM vs. FBMC using different filter overlap factor
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5G Timeline in ITU-R (WP5D) and 3GPP

2015 2016 2017 2018 2019 2020

W W

WRC 15 : WRC-19

.. AN T Qmm§w$3§§§

(IMT- 2020) #31bis #32 #33

: Proposals IMT-2020 :
Tech. Performance .

IMT-2020 Spec.
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mmWave: 5G Frequency bands > 6GHz

Most Likely Uses of Spectrum as of Sept

« Significant investmentin EMBB Mobile, Multiple Access

» 37-39 GHz USA and perhaps more likely for Europe

+ 57-86GHz Bands more likely for high-speed point-to-point

Frequency Europe |FCC (Jun 2016) [ ITU (Oct 2015)( Japan Korea
For study
28GHz (25-27GHz) 24.25-27.5 |27.5-28.35 24.25-27.5GHz | 27.5~28.5 GHz | 26.5~29.5 GHz
275285 [BW 425MHzX2
32GHz
37GHz 37.0-38.6 37-40.5GHz
BW 400MHzX4
39GHz 38.6-40.0 2016
BW 200MHzX7
40.5-43.5GHz UKatleast | FFS 42.5-83.5GHz <40GHz due to cost and simplicity.
45.5-48.9GHz UK at least 45.5-47GHz *  28GHz: Korea, Japan, and USA
47.2-50.2GHz o 24-27GHz : Europe
50.4-52.6GHz « 45GHz: Focus for 802.11aj in China
57-66GHz 59.3-71GHz
64-71GHz 66-71GHz (extend ISM— 66-76GHz and extensions of ISM-based WiFi
unlicensed)
71-76GHz UK at least
81-86GHz

Examples of Public Activity (Updated Summer 2016)
» FCC Announced rules on mmWave proposals 14 July 2016
* Ericsson will provide 28GHz system for SKT and 15GHz system for CMCC

 AT&T, Verizon, T-Mobile filed for experimental licenses (3.5, 3.7, 15, 28, 37, 39GHz)

KT will provide trial service at 2018 Winter Olympic game with 28GHz
 Most large players demonstrating high-rate capabilities from 15-90GHz

KEYSIGHT
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3GPP 5G overview
3GPP Scenarios & KPIs for NR(New Radio)

3GPP TR 38.913 v14.2.0 (2017-03)

12 Deployment scenarios

Indoor hotspot Dense urban Rural
Extreme long distance Highway scenario Commercial Air to
coverage Ground scenario

Urban macro High speed Urban coverage for
massive connection
Light aircraft Satellite extension Urban grid for
scenario to Terrestrial connected car

URLLC mMTC eMBB

] 19 KPIs < Value

© 00 N o o b~ W N P

=
o

Peak Data Rate = DL: 20Gbps UL: 10Gbps

Peak Spectral Efficiency = DL: 30bps/Hz UL: 15bps/Hz
Bandwidth = Up to IMT-2020 Requirement

Control Plane Latency = 10ms

User Plan Latency URLLC =» 0.5ms eMBB: 4ms

Latency for Infrequent Small Packets = No worse than 10s
Mobility Interruption Time =» Oms

Inter-system Mobility = btw IMT-2020 & IMT
Reliability(URLLC) =» (1-10) with latency 1ms

Cell/TRP Spectral Efficiency = 3x IMT-Advanced

KEYSIGHT
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12
13
14
15
16
17
18
19

Area Traffic Capacity = Factored by SE, site density, BW

User Experience Data Rate =» Factored by 5% SE & BW
Reliability(eV2X) =» (1-10-°) with latency 2~10ms
Coverage = MCL:164dB(160bps) Function of data rate
UE Battery Life =» 10 years (15y is desirable)

UE Energy Efficiency =» Qualitative

Mobility = 500km/h

Connection Density = 10° devices/km2

5th Percentile User Spectral Efficiency = 3x IMT-Advanced
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Verizon Pre-5G Overview

5qtf Specifications are available for download
www.ogtl.org from this page

“« - £ Vertzon 5G Technical Feeum
]

v B vt e v Pagev Stetyy Tookv @@ F OB H

VERIZON 5G TECHNICAL FORUM i verizon” s

ACCELERATING THE PACE OF INNOVATION.

Verizon 5G TF;

Verizon 5G Technology Forum Air Interface Working Group;

The Venzon 5G Technology Forum (V5GTF) Verizon 5th Generation Radio Access;
wes formed in late 2015 in cooperation with N .

ecosystem partners Cisco, Ericsson, Intel, LG, Phys|ca| channels and modulation
Nokia, Quaicomm and Samsung. The

V5GTF has created a common and extendable (Rel ease 1 )

platform for Verzon's 28/39 GHz fixed wieless
access tnals and deployments. 10,2018

Cisco, Eriesson, Intel Corp., LG Elecironics, Nokia, Qualcomm Technologies Inc., Samsung Electronics &
Werizon

V1T

The V5GTF forum partners
collaborated
{o create the 5G technical specifications. The

notice. of Ihe SGTF eaTanty, express o Implled, 3 t T aoeuracy o
GEmatEnees of ay Ifomion corancr fersnced Neren, THE SGTF AND TS VEVEERS DSCLAIM ANY IVPLED
oF ABILITY. NON-NFRINGEMENT. OR FITNESS FOR ANY BARTICULAR ANDALL

INFORMATION IS PRWIDEDZN".:N 'm?wﬁm?mglnﬁmﬂw:ghm ar WWM,;.;
[ e pricity et e
5G radio interface is composed of Layers 1, 2 R ARG, tt ot e ey Suroe e e, piGTert of
and 3 and defines the interfaces between the

tomology Gecoribed Perein. F sial e the resgonsiaility of anyune femping io use e Infrmition oontained or
Feferanced herein i cotain 3y such [enses, I necessary. The SGTF and s mermoers dsciam by for any damages or
165526 o 3Ny Mt WNASOSVEr WHETIer dFees, INIIESE. Spettal OF CONSSqUENt RGN Som TIe LSS Of of Fesanoe on any
Informaton cortained or eferenced hersin

User Equipment (UE) and the network. These
spacifications promote interoperability among
network and UE/chipset manufacturers. The
initial release included the V5G 200 series
which describes Layer 1 (the Physical Layer)
The V5G 300 senes descnbing Layers 2 and 3
{Medium Access Control, Radio Link Control,
Packet Data Convergence Protocol, and Radio
Resource Control) are aiso released

2016 Celloo Parnesshin Gia Verizon Wirsiess; Al ighis reserved

Verizon 5g Technology Forum consists of Cisco, Ericsson,

Intel, LG, Nokia, Qualcomm, and Samsung to utilize 28GHz
band

KEYSIGHT
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KT 5G-SIG(Special Interest Group

https://www.kt.com/biz/kt5g_02.jsp

KT 5G-SIG(Special Interest Group) 114
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Specifications are available for download from this page

B KT 5G-SIG 74

rE
=
]
|
1o
Hu
n

1 5G.201(KT 5th Generation Radio Access; Physical layer) o
2 5G.211(KT 5th Generation Radio Access; Physical channels and modulation) Cl22C &
3 5G.212(KT 5th Generation Radio Access; Multiplexing and channel coding) ezt

4 5G.213(KT Sth Generation Radio Access, Physical layer procedures) Cgz2c

5 5G.214(KT 5th Generation Radio Access, Physical layer measurements) CHeZE

6 5G.321(KT 5th Generation Radio Access, Medium Access Control protocol) CREE &
7 5G.322(KT 5th Generation Radio Access, Radio Link Control protocol) o2zt

8 5G.323(KT Sth Generation Radio Access, Packet Data Convergence Protocol ) CheZE &
9 5G.331(KT 5th Generation Radio Access, Radio Resource Control) C2EC &
10 5G.300(KT 5th Generation Radio Access, Overall Description) CeRE & |

O Self-contained 71X

© Dynamic TDD

¥ A 4 A 4
o Heavy traffic Hot spot Mass loT connection spot
ms ms
: SEHAIZE: 10ms ‘ T T
A
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Verizon vs KT 5G vs 3GPP NR 3GPP TR 38.802 v14.0.0 (2017-03)
| verizonPresG__| | 3GPPNR-notfinalized _

Duplexing Dynamic TDD Dynamic TDD FDD, Dynamic TDD
Beamforming Yes Yes Yes
Frequency bands 28 GHz 28 GHz, 39 GHz Up to 100 GHz
Carrier Bandwidth 100 MHz 100 MHz Sub-6GHz - 100 MHz
> 6 GHz (400, 800, 1000 MHz)?

Carrier aggregation 8 8 8-32
Waveform OFDMA OFDMA OFDMA (DL&UL), SC-FDMA (opt

UL), other waveforms for MMTC &

high freq.
Modulation Up to 64QAM Up to 64QAM Up to 256QAM (1024QAM?)
Use cases eMBB fixed access eMBB mobility eMBB, mMTC, URLLC
Network deployment Standalone Non-Standalone (with LTE) Standalone, Non-standalone
Multiplexing of different No No Yes
numerologies
Spectrum Licensed Licensed Licensed, unlicensed, shared acce
Ss
Channel coding TBCC, LDPC TBCC, LDPC LDPC (for eMBB data), Polar Cod
Turbo Code (optional) e (for eMBB control)
Numerology = LTE x 5
G https://www.kt.com/biz/kt5g_02.jsp
Sampling frequency = 153.6 MHz (30.72 MHz x 5) www.5gtf.org
Subcarrier spacing = 75 kHz (15 kHz x 5)
KEYSIGHT Carrier bandwidth = 100 MHz (20 MHz x 5)
TECHNOLOGIES Page 19
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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"d 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 enoug
h)
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 data
(Homodyne) Converters Tracking affect MAC  to/from converters

(power consumption) and MCS

KEYSIGHT
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Measurement Challenges for 5G

Unknown mm-Wave channels
- Directional antennas required. New concept for mobile devices
Too sensitive with measurement conditions
- Very delicate with cables and connections
- High Frequency : High Path loss/ Phase Stability
Wider bandwidth for Large capacity data communication
| and Q channel match over frequency
Integrated Noise Power
RF/IF Flatness
Traditional instrument can not provide sufficient BW
mm-Wave multiple Antenna Test : Massive MIMO

Small size of DUT
No connector RF Access

Transceiver LSI

Miniaturized Module
with Antenna

Integrated PA and antenna have no RF test connectors Dupdnews.panasonic.com/giobaljpress/data/

2013/02/en130220-2/en130220-2.html

KEYSIGHT
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http://news.panasonic.com/global/press/data/2013/02/en130220-2/en130220-2.html

mmWave Connectors j%]

Careful what you mix and match

Connector Type Fr:::zcy Mates with...
— 2.92 and 3.5 mm connectors use ——— m———— py—
the same center pin. You can @
use them together — P
— Large, flat face connectors on
instruments are rugged. Use with
connector savers To =0 Gz 18 mm
To 40 GHz J3.5mm and SMA,
To 34 GHz 2.92 mm and SMA
To 24 GHz 2.92 mm and 3.5 mm

KEYSIGHT

TECHNOLOGIES Page 23



Measurement Challenges — System Calibration 1/2

Measurement required for
a wide range of modulation bandwidths from several MHz to a few GHz and

a wide range of frequency bands, from RF to microwave to millimeter-wave

Test Fixture:

] Adapters, Amplifiers,
Filters’
Generator Mixer,
Etc

Bad Measurement Result!

Atten 16 dB

\/ w«'ﬂ‘ﬂrr"*MW\"”ﬂ'lW‘Mﬂl\m\v«wmM‘

Channel Response 5|
(F: |

KEYSIGHT i 1
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Measurement Challenges — System Calibration 2/2

Measurement required for
a wide range of modulation bandwidths from several MHz to a few GHz and
a wide range of frequency bands, from RF to microwave to millimeter-wave

Signal Corrected to this plane

Test Fixture: \

] Adapters, Amplifiers,
Filters’
Generator Mixer,
Etc

v
PN

Signal Predistorted to account for
‘system’ channel response

DUT

KEYSIGHT

TECHNOLOGIES UWB - 500 MHz Bandwidth Page 25
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Keysight Test Solutions for early 5G Research

Benchtop and modular signal generation and analysis + channel emulation
Wideband RF/pW/mmWave

Generation & Analysis

Wideband mmWave
Analysis

Channel Sounding
mmWave, Wide BW & MIMO

Massive MIMO

5G Waveform Generation & Analysis
Testbed Reference Solution

40GHz Signal 50GHz Signal
Generation Analysis
>1GHz BW with 1GHz BW

BIZQTITTTIi o
[ece --J'

Under Test

E-Band Signal Analysis
Reference Solution

Channel Sounding
Reference Solution

Real-time beamforming signal
generation & analysis

lSystemVue Simulation Software

\ - [
svsternvue

Signal Studio Software

HARDWARE+SOFTWARE+PEOPLE=5G INSIGHTS
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Introducing the N9041B UXA Signal Analyzer
Industry’s first integrated 110 GHz signal analyzer

UXA
PXA Wide-open performance

Benchmark for
MXA demanding applications ¢ 3Hzto 110 GHz*

EXA Optimum choice for « 5 GHz BW with external

Maximum value up to wireless . oscilloscope
CXA mmWAve . 2]_'_52,\;?_'“:08(\?\?2’ * 1 GHz internal BW
Leading low-cost tool . 10 Hzto 26.5 GHz o Fen] e S * Real Time SA — 255 MHz

e 10 Hzto 44 GHz * 160 MHz BW
e 9kHzto 26.5 GHz, e 40 MHz BW * Real Time SA

25 MHz BW

Download your next insight

X-Series applications
Ready-to-use measurements

89600 VSA software

Comprehensive demodulation & vector signal analysis

KEYSIGHT

TECHNOLOGIES *50 GHz with N9040B
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The New N9041B UXA Signal Analyzer, 110 GHz

3 Hz-110 GHz
Continuous sweeps

KEYSIGHT  UXA Signal Analyzer nsos18 3Hz-110GHz

5 GHz BW (with i
external oscilloscope) § KRl +

Upto 1 GHz
internal BW

-150 dBm/Hz DANL
up to 110 GHz

Dual input rugged
2.4 mm connector

KEYSIGHT

TECHNOLOGIES
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2nd rugged
2.4mm connector
3 Hz-50 GHz

Page 29




Best Dynamic Range at 110 GHz

-150 dBm/Hz DANL
y up to 110 GH=z

ey
rFE

Video BW 100 kH=" Svop 110.00 GH=x
Sweep 17.0 = (1001 pts)
-

== | c—~ a7 -l S

Unmatched 1 GHz BW operation @ 28 GHz

1 GHz internal BW
o e B ~

Suart 10 Mz
#iten BV 1.0 MHx

Very clean constellation — 1.6% EVM =

1 GHz BW 16 QAM signal in uW-band (28 GHz

Solved — Measure small signals in
presence of high power

Superb DANL without preamp =
Best SEM dynamic range

Solved — Challenging ultra
wide BW measurements

Convenient measurements of
5G, automotive and A/D signals
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Simplify Signal Creation- 5G Candidate
N7608B Signal Studio for Custom Modulation

» Flexible solution supports early 5G wireless research and
development

« Create emerging 5G candidate waveforms

v FBMC, UFMC, GFDM and F-OFDM

« Multiple Access technologies Support
v SCMA (Sparse Code Multiple Access)
v NOMA (Non-Orthogonal Multiple Access)

E 2. Multiple Access

Muttiple Access Scheme NOMA,

T GPSK x 1+ QPSK < 2

B - NOMA Setup Form o]
q e | Do .Ju=ﬂﬁﬂr£|;i .u 3
a = User sett
J';EEEE?! ér settings
5 - Users | Modulation | Boost Level | Payload Data | Diata Offset
b0 10000 PHY 0
1 QPSK 210000 PN 0
e ——
e~ ETEEE ETETT o o)
I
s EE XTI LY e | '
Boost Level
Set the amplitude boost level for current NOMA user
M Choices: based on the constellation settings editor
iOefauIt QPSK
|
I
KEYSIGHT —

TECHNOLOGIES

FBMC

1.0.972,0.707,0.235

Prototype Filter (Fr q ncy Domain)
Bring up the editor ta configure the FEMCﬁ\(

oefiicients in frequency domain

F-OFDM

7 Reset 4 Add X Remove

2l

Subband Subband | Subband | Subcar FFT Smbol | Nomberof | Gy
Neme | Enabled | TmeOfiset | "Gt | pandwich | Specng | Sie Duration |  Symbols
" ous FEMHz | 9MH: 15kHz 2048 | B66E7us 14 160
Sutband? | W Dus T5MH: | 9MH: kHz | 1024 | 33333us % 224 (1

Time Frequency Mapping \
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New N7630C Feature Summary
Signal Generation Based on VZW Pre-5G Spec

— Main PHY layer structure are implemented for

signal generation

Support multi-user channels generation

Support transport channel coding for DL-
SCH, UL-SCH, BCH, DCI, and UCI

DCI Auto Generation with xPDSCH and
XPUSCH scheduling information

Multi-Antenna Transmission

High Speed case for KT5G spec

— Support flexible signal configuration

Both single carrier and multi-carrier are
supported

KEYSIGHT

TECHNOLOGIES

N7630C
Signal Studio
for pre-5G

— Support flexible signal configuration (Cont’'d)

Graphical display for frame resource
allocation

User can assign resource blocks to both
downlink and uplink channels.

Support generating DL and UL signal at
the same time.

Support partial generation of one radio
frame

— Signal verification methods

User can export the demod setup of VSA
software from Signal Studio for VSA
demodulation.

Page 32



N7630C User Interface Overview

oy Keysight Signal Studio for pre-5G . .
Bl tey-ight g — L Quickly setup 8 carrier
File Control System Tools Help f t|on
Ll 1 conrigura
Bl- Hardware
i L.MB190A
E| i+ Add Carrier X Delete Carrier 53 Copy Carrier E‘lAuto Frequency Offset | -| Quick Setups ~ E Saveto‘i@ﬁﬁSetup File
E‘ Ciarr\er L . Camier | State | Radio Format | Frequency Offset | Fower | Initial Phase | Timing Offset | Cel ID |
comes U [y & GEiae m%u e ¢ dam -
= arier n V2V -247. z . 00ns -
- Subframe Configuration Camer3d  On 5GTF (VZW)  -14850 MHz 0.00dB8  O° 0.00ns 2 Export mu Itl
Bl Carrier 3 Camerd  On BGTF (VZW)  -45.50 MHz 0.00dB o 0.00 ns 3
i.. Subframe Configuration Camer5  On 5GTF {VZW% 43.50 MHz 0.00dB 0 0.00ns 4 measu rement VSA
: Camier6  On BGTF (VZW)  148.50 MHz 0.00dB8  O° 0.00ns 5
E‘ Cg\?_r;fgffame Configuration Camer7  On BGTF \.\«"Z‘."a'i 247 .50 MHz 0.00dB o 0.00 ns 6 Conflguratlon
E| Carrier 5 4 1. Basic
L. 5ubframe Configuration Mumber of Radio Frames 1
B Carrier 6 Generated Subframe Offset o
i.. Subframe Configuration Mumber of Generated Subframes per Radio Frame 2
| wcarers Oversamping Rtio 8 # of frames and subcarriers to
i L-Subframe Configuration Total Sample Points 491520
B Carrier 8 Waveform Length 400.000 us generate WavefOI’mS
i Subframe Configuration Mirror Spectrum Off
4 2. Marker ]l
Marker 1 Source Waveform Start I
Marker 2 Source Frame Start
Marker 3 ¢ RF Blanking Cantral |
Marker 4 Source RFALCC
4 3. Crest Factor Reduction
| On .
Target PAPR 8008 Crest Factor Reduction(CFR)
| Max keration 10 -
Canceling Percert 1000% reduces peak-to-average ratio
I Block Size 1000
Fiter Mask: -475.8.-100:-396.5.0:396.5.0:475_8.-100 Bl
|
CCoF ]‘.’\l'avefonﬂ |
BiGoussian B Reference [ Acquire Ref. Burst CCDF v
1

Ready |Not connected

——

KEYSIGHT
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New 5G Software: Keysight Signal Optimizer
Three Functionalities in One

5G Signal
Generation

Description

K3101A(r Base Calibration, fixed perpetual license
equired)

K3102A Digital modulation signal creation & analysis

K3103A 5G candidate modulation on LTE FDD signal creation &
analysis

K3104A 5G candidate modulation on OFDM signal creation & an
alysis

KEYSIGHT

TECHNOLOGIES
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Signal Optimizer Main Window

Toolbar provides
quick access to the
File Tools Help different settings
Task: Custom

bl Keysight Signal Optimizer

MM Signals Transmit Hardware  Device Under Test  Receiver Hardware Measurements

Generate All X

Custom 1Q:1

System Block Diagram

[0 Transmit Hardware [_F1 Receiver Hardware

Device Under Test

:1>_ T8 &

Analyzer:1 Time & Spectrum

Add/Delete Block diagram provides
different overview of the
waveforms, configurations involves

hardware multiple hardware
easily

4:53 PM : Information SignalBlockBase > Application Message:added new signal Custom 1Q:1
TECHNOLOGIES

Calibration
Button to run
Cal Wizard

Systemn Thols

@ Calibration

P Favonte Settonacs

e Context sensitive
property settings

4 Signal Information
Waveform Na TEST_APSK
Comment
Number Of Fr. 1
Over Sampline 2
Mirror Spectn

4 Signal Setup
Modulation Ty APSK
4 APSK Settings
Symbol Rat 50.00000000 MSa/sec
4 Filter Settings
Filter Typ Root Nyquist
Alpha 0.15000
Filter Len 40
4« Segment 1
Segment Data
Numher ¢ 32768
System
(No description)




Step 1: Rx System Calibration
LT [\ ~—

= Test Fixture: ]
AR Comb adapters, amplifiers, Signal
hgg Generator filters, mixer, Analyzer
f etc.
Ehg‘;‘;iecf::org + Rx calibration to account for
Based 4 / 2 ‘Signal Analyzer Test
asedon freq . Environment’ channel
bandwidth Calibration SW response
. Calibrated Known good receiver
Transmitter '
Signal Analyzer system to measure true

DUT .
Test Environment

KEYSIGHT

TECHNOLOGIES

R e
0 Sutseciees o ol
’
- -

DUT performance
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Step 2: Tx System Calibration
N [\

Test Fixture: Calibrated

adapters, amplifiers, .
Source filters, mixer, Signal Analyzer

etc. Test Environment

Proprietary
calibration signal

Tx calibration to
account for ‘Signal

Calibration SW

(Signal Optimizer) <€

Source Test

Environment’ channel

response

/ \ Ref
Plane /\—"/\
Known good transmitter Calibrated ' )
system to measure true Signal Source Test _|9 Receiver
DUT performance SR DUT

KEYSIGHT ‘
TECHNOLOGIES Page 37




Step 3: Use Calibrated Tx and Rx Measurement
System to Measure Component DUT

Calibrated
Signal Source Test
Environment

Calibrated
Signal Analyzer
Test Environment

5G Waveform
(e.g. OFDM, FBMC,
UFMC, GFDM, etc. ...)

Before System Calibration After System Tx and Rx Calibration
28 GHz with ~ 900 MHz Bandwidth 28 GHz with ~ 900 MHz Bandwidth

E: Ch1 Strm1 OFDM Eq Ch Freq Resp ~

E: Chl Strm1 OFDM Eq Ch Freq Resp ~

Rng 0 dEm Rng 0 dEm
05

KEYSIGHT
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5G Flexible Testbed for waveform Generation & Analysis

Flexibility is needed in three key areas of 5G research and early testing:

« Generating and analyzing new waveforms
« Supporting a wide range of modulation bandwidths, from several MHz to a few GHz

« Supporting a wide range of frequency bands, from RF to microwave to millimeter-wave

Hardware
Signal Generator
SOﬁWare M8190A 'E8267D
Design Simulation Signal Generation 5G Waveform Arb Waveform Generator PSG Signal Generator
B g . |
2998
SystemVue Signal Studio

' ‘ I beviee

Under Test

Signal Analysis ‘ 2 ’ :

" ! Signal Analyzers
N9O4O0B DSOS804A Infiniium
: ' S-Series Oscill
89600 VSA N9030B UXA Signal Analyzer —EI'I-BS- _s_cn‘oEcope
_ PXA Signal Analyzer i == =
Common 1B ‘ '
Demodulation/Analysis v

SA Frequency range : 3Hz ~ 110GHz and Analysis Bandwidth : 1 GHz (5GHz w/OSC)

SG Frequency range : 250KHz ~ 44GHz and Bandwidth : 2 GHz
KEYSIGHT quency reng

TECHNOLOGIES Page 39




5G Testbed Reference Solution
<2 GHz Bandwidth: 50 — 110 GHz

M8190A Wideband AWG (I/Q Generation)

Waveform

f

Signal Optimizer (K3101A)

:: w,w-J,x *h‘irl’ﬁ ﬂ-w -+..»,".'rus»,t\.w.ﬂ ‘

Lil

7 L] .

TS Y -
©a (6 (0 (6 (O m

I 5 GHz IF

Compact VDI Upconverter
(V, E, W-Bands)

KEYSIGHT
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5G Testbed Reference Solution
>2 GHz Bandwidth: 50 — 110 GHz

M8195A Wideband AWG (IF Generation)
Waveform

f

Signal Optimizer (K3101A)

Compact VDI Upconverter
(V, E, W-Bands)

:: w,w-J,x *h‘irl’ﬁ ﬂ-w -+..»,".'rus»,t\.w.ﬂ ‘

DUT

Digitized Signal Infiniilum Scope |<| ——
. A ’ e

7 L] .

TS Y -
©a (6 (0 (6 (O m

I 5 GHz IF

KEYSIGHT
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New Measurement configuration at 28GHz
using 5G Flexible Testbed and Signal Optimizer

Laptop PC with K3101A
Signal Optimizer

28 GHz Test Configuration

Sl shbb bt Sell slaiiete .
H . Ref
RefClk & IIOMHz : In \4
Y In i R |l ou  * .
ms190a Direct LYY 28 GH
AWG Out ES267D 0 dBm 50 GHz UXA
CH1 with
J wideband Modulated
IQ inputs RF/ uWave out
- Differential I/Q Signals
. ( \
oG Signal U9391 comb
Generation . generator /
TR | .
,h%[_‘__'f Required for Cal
. y,
KEYSIGHT

TECHNOLOGIES
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Case Study — 8 multi-carrier OFDM EVM at 28 GHz

Waveform Information :
8 multi-carrier of 100MHz component carrier, 153.6MHz sample freq., 2048 FFT, 75 KHz sub-carrier spacing, 64QAM

Measurement result for carrier (C6) of 8 multi-carries Demod (CF:28.15GHz) with Signal Optimizer

2= Custom OFDM - Keysight 89600 VSA Scftware (64-bit) ==
File Edit Contrel Sowrce Input MeasSetup Trace Markers Window Utilities Help
Bl el [ ] 4 A 5 [ H o~ PiMmE

A: Strml OFDM Meas C: Strml OFDM Err Vect Spectrum E: Chl Strml OFDM Eq Ch Freq Resp  G: Chl Strml OFDM Eq Ch Freq Resp

) m,',u‘.d-‘-un,-«W'"‘*"‘A‘"‘*rd-w$\!-,-w"‘~.
,q"'- AL, L e \
!
f

EVM:-38.2 dB

KEYSIGHT
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Case Study — 8 multi-carrier OFDM EVM at 28 GHz

Waveform Information :
8 multi-carrier of 100MHz component carrier, 153.6MHz sample freq., 2048 FFT, 75 KHz sub-carrier spacing, 64QAM

Measurement result for carrier (C6) of 8 multi-carries Demod (CF:28.1 _5GHz) removed C5, C7 with Signal Optimizer

Z= Custom OFDM - Keysight 89600 VSA Software (64-bit) o=
File Edit Control Source Input MeasSetup Trace Markers Window Utilities Help
PO - @ [ ==~ B IM- HME C

A: Strm1 OFDM Meas C: Strml OFDM Err Vect Spectrum E: Chl Strml OFDM Eq Ch Freq Resp  G: Chl Strml OFDM Eq Ch Freq Resp

* & H: Chl CCDF

EVM:-40.6 dB

KEYSIGHT
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Case Study — 8 multi-carrier OFDM EVM at 28 GHz

Waveform Information :
8 multi-carrier of 100MHz component carrier, 153.6MHz sample freq., 2048 FFT, 75 KHz sub-carrier spacing, 64QAM

Measurement

=
File Edit Control Source Input MeasSetup Trace Markers Window  Utilities Help

AL R=Imw [ ] g [ zz- R H rimE

A:Strml OFDM Meas C: Strml OFDM Err Vect Spectrum E: Chl Strml OFDM Eq Ch Freq Resp G: Chl Strml OFDM Eq Ch Freq Resp

result for carrier (C6) of 8 multi-carries Demod (CF:28.15GHz) removed C5, C7 without Signal Optimizer

Custom OFDM - Keysight 896 Software (64- it

by

) A

f . b et g L B i
’f L '1|‘

4

0.5dB scale

=

ch3 .
- -

113
iti
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Case Study — Examining 5G candidate waveform
coexistence with

G, 4G, and PAN waveforms (< 6 GHz

e T TS —
T o S by, Mo Y M O
= £ ""‘u' oo, T e, o o P e e o
i = g vy 2
silD @A 0N AAVIM HAE
3 15 e T < = £ O T SO e
A O NDGK o W Tome OO S T

G0 DA ot G b Tt

WO e O T

T —

Ol lerren 1O Tona *

. \
0,00 DG Lt menry

LN At T8 1A Mt 400

M Lh Comd s bpo Mg Tws Melm B hew

P LOEE. DU AL YIM

LLL]
AUt O M Lt 0N e et T Bl C ae® Wb bt Jpactn
oyl | %)
] AT pe LogP
{0000 GHz Vo T e ot
e et Tr FreeRon
FGuntow AT § 60

' M B0 L3 DESSCCPICE - oyt 19400 VEA Sohmae 1401

P L0 Comdd lowre bt Memieng Do Medmn Wiedos e rep

¥l @ s O

LAVIM

& Ol Spocvum

Center 2.0000 GHz
#Ros BW 10 kHz

Span 300.0 MH2
VEW 10 kHz

Sweep 63.40 ms (1001 pts)
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Ca File Edt Control Source

Ll

~ 1

1 A 1 '

Input MeasSetup Trace Markers Window  Utilties  Help “

Momme

File Edt Control Source lnput MessSetup Trace Markers Window Utiities Help

/4 VA" 1 ™ 1 i N |

Mil

The testbe

j A: Chl Spectrum ~

amplifiers ¢ I

shows the

Ext Ref

Clk Ini:,‘I ;

.£r“~.’-—‘z

Keysight 83600

e (B4-bi

2 Spectrum B

7 dBe

igh Spectral

PA Output- No DPD

Lower ACP =-28.8 dB
Upper ACP =-27.7 dB

File Edt Control Source Input MeasSetup Trace Markers Window  Utilities  Help w

Calll IR @

R auwiM. HEAR

PA Output- With DPD

Lower ACP =-32.9 dB => 4.1 dB improvement
Upper ACP =-30.2 dB => 2.5 dB improvement

2% 1 gital Dernod - Keysight 89600 VSA Software (64-b

Fle Edt Control Source Input MeasSetup Trace Moarkers Window Utilties Help

® = 8- BouwiM. AEAE

L]

N
agram

TEC

PA Output- No DPD
EVM =4.9%

PA Output- With DPD
EVM =3.5% =>1.4% improvement
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www.keysight.com/find/5G-insight
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Thank you!
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