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7 Key Measurement Challenges

Lots of Channels
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- 5

Signal Quality
mmW, Waveform, Fidelity

Channel \\
Characterizing & Emulating |
|

|

|

|

|

/

KEYSIGHT

TECHNOLOGIES

Life Beyond Connectors
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What is the Radio Channel?

[i_ﬁ“ Radio Channel = Propagation path between Tranceivers => \
Antenna beam pattern * Multipath Propagation * Mobility + Interference /
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The evolution of channel models

2G

3G

- 4G

5G
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<3 GHz, 200 kHz BW
Non-spatial TDL

<3 GHz, 5 MHz BW
Non-spatial TDL

<6 GHz, 20 MHz BW

Non-spatial TDL — conducted tests
SCME CDL — MIMO OTA (radiated)

Channel models have been developed over
many decades based primarily on channel
measurements (sounding)

More recently, Ray Tracing of modelled
environments has become possible

The trend is from
non-spatial to spatial
models which

3D MIMO (for BS elevation beamforming studies) implies testing has to
0.5 - 100 GHz, >1 GHz BW be done OTA

Spatial CDL

TDL - Tapped delay line (time only)
CDL — Cluster delay line (time and space)
SCME - Spatial channel model extended
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5G Challenge: Highly Dynamic Fading Channel
in Fi9|d - conneCted State UE mObiIity Where is my next Beam?

Fast & reliable beam

management needed
 BTS and UE(sS) need to have seamless

iInteroperability on beam refinement Fast fading filtered out on gain
and change, and eventually handover BUIVES D) IEIE EEElEr UELEL
to next cell and/or fallback to LTE 105 — g <oy M bl songet b, s o
- Highly blocking channel conditions — high “ BTs e !
probability on link collapse - how to 1551 b gE o v
mitigate? . / \\ ~ S ke
';E UE, is ° ‘ .« .
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Fading Cluster AoD’s are dynamic

x-coords in [m]
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What about the Channel at mmWave?

CORNER DIFFRACTION STUDY

ftp.3gpp.org/tsg_ran/WG1 RL1/TSGR1 84b/Docs/R1-162872.zip

Static
Transmitter

Moving
Receiver

1000 1
I How well do 60 GHz signals bend round corners? I
KEYSIGHT © Keysight-Technologies 2018 7
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ftp://ftp.3gpp.org/tsg_ran/WG1_RL1/TSGR1_84b/Docs/R1-162872.zip

Simulated vs. measured at 3.5 GHz and 60 GHz

AT 3.5 GHZ THE SHADOW
EFFECT IS MUCH LESS
PRONOUNCED

EVEN AT 2M DISTANCE
WITH 40CM OF TRAVEL:

- 60 GHZ IS AT -25 DB
- 3.5 GHZ IS AT -8 DB

KEYSIGHT
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3GPP TR 38.901 - Stochastic model overview

CHANNEL MODEL FOR UP TO 100 GHZ

* Extended from existing sub-6 GHz channel models: 3D MIMO model
(3GPP TR 36.873) or IMT-Advanced (ITU-R M.2135).

» Developed for performance evaluations of 5G physical layer
techniques

» Designed to cover testing of both Mobile Equipment and Access
Network of 3GPP systems

» Supported scenarios are urban microcell street canyon, urban
macro cell, indoor office, and rural macro cell

» Key properties of the models
* Frequency range from 0.5 to 100 GHz

« Bandwidth is supported up to 10% of the center frequency but no larger
than 2 GHz

» Spatial consistency is supported

« System-level, Link-level CDL-models and non-spatial TDL-models
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Channel Model and Scenario
3GPP 5G 38.901 UMi CDL-A
3GPP 5G 38.901 UMi CDL-B
3GPP 5G 38.901 UMi COL-C
3GPP 5G 38.901 UMi COL-D
3GPP 5G 38.901 UMi CDL-E
3GPP 5G 38.901 UMi 021

3GPP 5G 38.901 UMi 02/ CDL-A
3GPP 5G 38.901 UMi 02/ CDL-B
3GPP 5G 38.901 UMi 021 CDL-C
3GPP 5G 38.901 UMa

3GPP 5G 38.901 UMa CDL-A
3GPP 5G 38.901 UMa COL-B
3GPP 5G 38.901 UMa CDL-C
3GPP 5G 38.901 UMa CDL-D
3GPP 5G 38.901 UMa CDL-E
3GPP 5G 38.901 UMa 021

3GPP 5G 38.901 UMa 021 CDL-A
3GPP 5G 38.901 UMa 021 COL-B
3GPP 5G 38.901 UMa 021 CDL-C
3GPP 5G 38.901 RMa

3GPP 5G 38.901 RMa COL-A
3GPP 5G 38.901 RMa COL-B
3GPP 5G 38.901 RMa CDL-C
3GPP 5G 38.901 RMa CDL-D
3GPP 5G 38.901 RMa COL-E
3GPP 5G 38.901 In0

3GPP 5G 38.901 In0 COL-A
3GPP 5G 38.901 In0 CDL-B
3GPP 5G 38.901 InQ COL-C
3GPP 5G 38.901 In0 COL-D
3GPP 5G 38.901 InQ CDL-E
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Use cases for Massive MIMO testing

3GPP TR 38.901 CHANNEL MODEL SCENARIOS

i UMi Outdoor to Indoor (O2I)
Urban Microcell UMa Outdoor to Indoor (O2I)
(UMi) %
UMi street canyon (0O20) X

Urban Macrocell
(UMa)

BSs mounted below rooftops BSs mounted above rooftops

KEYSIGHT _ © Keysight:Technologies 2018 - 10
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Channel models for link-level evaluations

CLUSTERED DELAY LINE (CDL) MODELS

* TR 38.901 specifies five different CDL channel

profiles;

e CDL-A, CDL-B and CDL-C are constructed for NLOS
« CDL-D and CDL-E are constructed for LOS

« The RMS delay spread values of both CDL models

are normalized and they can be scaled in delay for a

desired RMS delay spread

Channel Model Selection

Link: i M3

L

Emulation length: |:

Propagation Condition: I: LOS

Channel Model [ 3GPP 5

Use angle spread scaling [l

Path Loss Model |: 3GPP 5G
Table 7.7.1-2. CDL-B
Cluster # | Normalized delay | Powerin [dB] | AODin[*] | AOAin[] | ZODin[°] | ZOAin [] !

1 0.0000 93 173.3 105.5 78.9

g gzl?gg ?42 gg ggg 132:3 ;gg Shadow Fading Model: [ AGPP 5
Z] 0.2095 32 341 1255 1153 533

5 02870 98 654 -8¢ Table 7.7.1-4. CDL-D.

6 0.2986 12 11.4 15!

7 03752 -34 -11.4 15¢| Cluster # Cluster PAS Normalized Delay|Power in [dB]|AOD in [°]|AOA in [*]{ZOD in [°]|ZOA in [*]

8 0.5055 -5.2 -11.4 15 ] Specular(LOS path) 0 0.2 0 180 08.5 815

9 0.3681 7.6 67.2 -8t Laplacian 0 135 0 -180 98.5 815 [ Las
10 0.3697 -3 525 L Laplacian 0035 188 802 597 855 860
i 0.5700 £9 72 S Laplacian 0612 21 892 892 655 86.0
7 057283 K] 743 oF ! - -
3 T 1021 aE 5337 04 Laplacian 1363 2238 89.2 89.2 855 56.0 [ on
14 1.2756 57 505 8 5 Laplacian 1.405 -17.9 13 163 97.5 79.4
15 15474 75 514 A G Laplacian 1804 201 3 163 975 794 |(§ _1:|E
16 17842 1.9 306 13 7 Laplacian 2506 210 i3 163 975 794
17 20169 76 -125 -9t 3 Laplacian 1775 229 346 137 985 782
18 28294 -122 -90.6 58 9 Laplacian 4.042 278 4.5 745 88.4 736
19 3.0219 9.8 7.8 ™0 Laplacian 7037 236 320 1277 913 783
20 3.0187 1.4 826 T Laplacian 9424 248 526 | 1196 | 1038 87
21 4.1067 14.49 103.6 52 -
5 13740 =) 5 =12 Laplacian 9.708 30.0 132.1 9.1 503 70.6
3 o5 <13 776 il 13 Laplacian 12525 277 772 836 86.5 729

Per-Cluster Parameters Per-Cluster Parameters
Parameter [ easoin[] | casain[] | czsoin[] | Parameter | caspin[] casain ] [ czsoin 1] czsain[] | XPRin[dB]
Value [ 10 \ 22 [ 3 \ Value [ 5 8 3 3 [ 11
KEYSIGHT
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Channel Model Selection

PROPSIM

Link: BS1 - MS31

MS Speed: :| mi's
Emulation length:
Propagation Condition: [ LOS

Channel Model: [ 3GPP 5
Use angle sprea

Path Loss Model:

Mon-self-blocking:

01U L-E

"“-:Eil}1 UMa 02|




Channel models for FR2: CDL-A

TR 38.901 Table 7.7.1-1. CDL-A

KEYSIGHT
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Cluster # | Normalized delay | Powerin [dB] | AODin[°] | AOAin[°] | ZODin[°] | ZOA in [°]
Example: TR 38.901 CDL-A 1 0.0000 -13.4 -178.1 51.3 50.2 125.4
_ _ _ 2 0.3819 | n A2 AR2 7 a2 2 a1 2
« CDL-Ais a non line of sight 3 0.4025 |
(NLoS) model . 0.5808 : e
. ' | Cluster
- Each CDL comprises 23 clusters 2 283> |
- . . : C1 departure angle Rays An |e S read
« Each cluster comprises 20 multipath 8 0.5750 T pread (D). Jgie op
9 0.7618 . Arrival (ASA)
components (rays) around the 10 15375 | Rays 1 arrival angle
. 11 1.8978 ! spread (ASA)
cluster perimeter = 22242 AoDs -
 Each cluster has an AoD and AoA. 13 21718 ] AN NN
14 2.4942 LOS AoD
These values are used to create the 15 55119 | C2 Ao 05 bt LOS AoA
ray AoAs within a spread (ASA or 16 3.0582 gNB <" A0AS|
- : 17 4.0810 | S A
Italf\]S[z) t()jlemed by CASA and CASD |n 18 44579 : Cc2 ;is'iaar;l,;rAesaDr;gle |
€ laplie. 19 4.5695 | C2 Ao
. . £ 20 4.7966 : Angle Spread C2 arrival angle
Etc - Full details is in TR 38.901 21 5.0066 " Departure spread (ASD)
. . 5.3043 : ASD Cluster 2 (C2)
Diagram to the right shows the (23) 9.@ | ( )
concept of the CDL models but ___ Per-Cluster Parameters — .
) Parameter | casp in [°] casa in [°] czsp in [7] Czsa in [°] XPR in [dB]
showing only two clusters. Value | 5 11 3 3 10




What is Standalone RF Channel Emulation?

ENABLES REAL-WORLD LIKE END-TO-END PERFORMANCE TESTING IN LAB

Real Time Emulation of radio wave
propagation and interference to multiple

BTS and Mobile simultaneously

Base stations Mobile terminals

v'Attenuation
v'Shadowing
v'Fast fading

v'Doppler effect — «—»O
v'Antenna pattern embedding -
Adaptive antenna systems —

v'"Noise and Interference E
v'3D Beamform channels E

KEYSIGHT
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Why companies invest on Channel Emulation tools?

QUALITY OF SERVICE & TIME TO MARKET = SUCCESSFUL BUSINESS.

Each Mobile/Base Station/Device version Radio Channel Emulation enables

(HW/SW) must be tested for quick End-to-End full signaling
Validation and Interoperability test in Lab

v Receiver sensitivity and AGC

v Channel Estimation algorithms

v"Min/max delay-Doppler (velocity scenarios)
v Diversity/MIMO DSP Algorithms

Mobile terminals

Jd

= {
>
J
v"Network Vendor Interoperability, Device Vendor

Interoperability Standard & Advanced Test Scenarios

Base stations  E&=%
v'Intersymbol/Intercarrier Interference, SNR mitigation

+—>
+—>
v'Radio Link Control, Radio Resource Management '

v/ Synchronization E

v"Mobility Management

Field to Lab Test Scenarios

KEYSIGHT
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PROPSIM 5G Solutions for Base Station performance & device
interoperability testing

Complex RF conditions at field FR1 and FR2 PROPSIM Geometric Channel Modeling (GCM) 5G Tools
Verification of the 5G NR BS performance ¥ Channel modeling science ready & proven
Sub-6GHz massive MIMO 16TRX. 32TRX. 64TRX. 128TRX v" Antenna array modeling incl. patterns and DUT orientations in the scenario
MU-MIMO performance optimization up to 4/8/16/32 layers PROPSIM 5G Channel Emulation solutions
mmWave hybrid beamforming with wide signal BWs v' Capacity 16/32/64/128 element massive MIMO solutions sub 6 GHz
Beam management testing under various channel conditions ¥ All5G NR BWs from 5 MHz up to 400 MHz

Wide bandwidths up to 400 MHz per carrier, CA 800/1200 MHz v CAup to 1.2 GHz Contiguous, 16CC non-contiguous

Standalone (SA) and Non-Standalone (NSA) operating modes ¥ Sub 6 GHz and mmWave solutions (CIU + RRH)
. . v' Complete performance test solutions with UEE’s and real UE’s
Coexistence and mobility tests

_ v' RF, IF and OTA*) connectivity methods
Scheduling and load management at network level ) y

3 YouTube
NETFLX o6 R > NETFLX "
[ teTR) Tl 7 | (F1R)
| ‘D/ FR2 gNB - OTA
5G NR =t
EPC FR1gNB (et ; Mobile terminals ERC [

e AN [L[J L~
TER A |\ LTE eNB _ ’
1 > e — 0@ RF cable [J “ i hd 7777 connectivity
Day time and night time = connectivity JJ LTE eNB _ LA

<
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PROPSIM 5G Solutions for Device performance testing

Challenges Solutions

5G Channel Modeling
« Complex modeling science

5G Channel Emulation
* Realtime channel emulation

PROPSIM Geometric Channel Modeling (GCM) 5G Tools
v Channel Modeling Science ready & proven

PROPSIM 5G Channel Emulation solutions
v Realtime very low insertion delay

* Wide Bandwidths 100/200/400MHz v'BW 100/200/400 MHz up to 1.2 GHz

« CA8CC/12CC/16CC v CAup to 12CC (1.2 GHz)

* Network Emulator and Real gNB support (NV-10T) v Seamslessly integrates with UXM 5G, validated with 5G BTS
« mmW OTA solutions v Complete mmWave OTA solutions using CIU with RRHs

« Sub 6 GHz solutions v"Complete Sub 6 GHz performance test solutions

v Device NV-IOT solutions (Network Vendor Interoperability)

Clu

mmWave

KEYSIGHT
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PROPSIM F64 Key Features

» Single F8800A platform up to 64TRX, 1024 MIMO ch.
« HW configurations 8, 16, 24, 32, 40, 48, 56, 64 TRX
* 64 TRX up to 100 MHz BW (160 MHz WLAN opt.)
« 32 TRX up to 200 MHz BW /
* 16 TRX up to 400 MHz + 16 TRX up to 100/160 MHz BW / g

Carrier Aggregation TDD & FDD
* Non-contiguous CA up to 16CC
- Contiguous up to 1200 MHz, other 200/400/600/800 MHz HHOO 66O O

RF range up to 450 - 6000 MHz per TRX port
» HIGH-IF 6-12 GHz with external HW (CIU) Cad o e e e
« mmW bands 28/39GHz with external HW (RRH) PO PO VPO

KEYSIGHT PROPSIM F64 Radio Channel Emulator F8800A

5G Channel Models and test scenarios OO :

PROPSIM GCM 5G channel modeling software e 06000 POO®
« Advanced channel modeling science ready & proven
« TR38.901 channel models available

Integrated calibration, no need for external VNA ® @ @ @ @ @ @

KEYSIGHT
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7 Key Measurement Challenges

Signal Quality Lots of Channels Life Beyond Connectors
MIMO/Beamforming Over-the-Air

mmW, Waveform, Fidelity

7
Channel | Performance on the Network
Characterizing & Emulating! Network Emulation I
' l
' |
' l
' |
| Protocol RF / RRM Functional |
\ R&D DVT KPI
/
~

KEYSIGHT
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Challenge: Performance
on the Network b

Challenges

 Validate designs when standards are
Incomplete and still evolving -

 Test the many different use cases
Introduced with numerology

* Troubleshoot issues between RF, -
Baseband, and Protocol

 Validate PHY control, link adaption, beam
management

« Optimizing performance to meet KPI goals

KEYSIGHT
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5G, Something new, something old

Range 1: Conducted {OTA is not precluded)
Range 2: Only OTA

L | Range 1 ﬂ , Range2 frequency

T Ed

0 Hz [6] GHz [24] GHz 100 GHz
{Note: Threshold frequency of conducted and OTA tests {i.e. [6] GHz) can be further discussed)

Functional RF Antenna &

Performance Parametric Conformance
OTA

MIMO OTA

Modem Test, EVM, ACLR
Full Stack Testing, PER, Emissions Antenna
Data Throughput, Parameters
Handover TRP, TIS

Throughput,
Virtual Drive Test,

How good is my How good is my

Is my chipset working? Is my RF working?

antenna? device?

'II'(EEPXV%!_?GII-EI _ © Keysight-Technologies 2018 - 20
5G Boot Camp: 7 Key Measurement Challenges and Case Studies



The OTA challenge

Categories of Radio
Requirements

RF Demodulation RRM
(Radio Resource Management)
Power, signal quality, Throughput Signal acquisition, CSlI,
sensitivity... tracking, handover...
i Basic line of sight 3D Spatial channel Dynamic multi-signal
no channel model model 3D spatial channel

model

KEYSIGHT
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Get the fastest path to 5G Solutions

TARGETING CHIPSET AND DEVICE WORKFLOW

5G Interactive R&D Solutions 5G Device Acceptance Solutions 5G MFG Solutions
Protocol RF / RRM Functional Protocol RF/ RRM Carrier Manufacturing
R&D DVT KPI Conformance Conformance Acceptance
May’18 Sep’18 Dec ‘18 Oct-18 Dec-18 Future Apr’18
. st . . .
Keysight 1t Solutions across the entire device workflow I EGEAT,
N = B |

VXT-II
M9410/11A

O 0000006 O0E

UXM 5G - E7515B

RMTC / CATR / MPAC

PROPSIM

Network Emulator Channel Emulator mmWave OTA Solutions Non-Signaling Solution
Seamless RF and Protocol Solution Embodies ecosystem insights
Accumulates engineering know-how Spans ecosystem with continuous releases

... ACCELERATE TOWARDS NEW 5G DEVICES

KEYSIGHT
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5G Interactive

5G Network Emulation Test Solutions

PLATFORM HARDWARE BUILDING BLOCKS

Sample tests Test cases packages

Virtual Drive Carrier RF/ RRM Protocol Manufacturing

=

o Protocol RF/RRM Functional KPI

T R&D DVT Testing Acceptance Conformance Conformance Tools

g Protocol, Manufacturing Tools
(oL Scripting Tool, Automated RF E2E IP data, Replicate live network Performance, GCF/PTCRB . support

Q. L1 App measurements Application test scenarios Supplemental validated, Regulatory e RPE R 2

< RF/RRM UE calibration

Common scripting engine

Common measurement science

Non sig
Test

Signalling Stack

Network Emulation Platform

Network Emulation | o =

Common
°

LTE ©onss

TD-SC0MA

59,
HEPA e 00
EDGE Ewo 1p.usPA
UETDD. 4, evoo
L SR

f‘\a‘r\

Host

interface
ir7 |LBE

IR Rrr

Logging &
Automation support

B g

mmW support

|

Channel Emulation

(«

Chambers

KEYSIGHT
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5G Device End-to-End Workflow

Network

Channel

5G Interactive R&D 5G Device Acceptance Emuigro] Emulator mmWave OTA Solutions
il (
(tol))
% @
>
Protocol RF DVT* Functional Protocol RF/ RRM Carrier
R&D* KPI Conformance Conformance Acceptance
Early protocol development while Key Features:
keeping up with evolving 5G

standards: v Earliest availability of new 5G features

v'Replicate desired network behavior whilst
reducing test complexity with Built-in Protocol
State Machine and Dynamic Control Points

* Progress stack and gain insights to
optimize performance

« Customize scripts, automate VL1L2 ter ch thout .
efficiently, and debug quickly parameter change without programming
% : : :

- Leverage work across workflow Flexible automation and logging
stages, stay current with standards v'Results viewer

cost effectively Sub-6 GHz and mmWave - Conducted and OTA

KEYSIGHT
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Replicate network behaviour

5G PROTOCOL R&D TOOLSET

* Built-in Protocol State Machine and Dynamic Control
Points simulates a “Live Network™

Dynamic Control Point ?7 x

General PS Variables  Description

Mame DCP_1

Exit Condition | User_Action - |

- M - - User_Action
- Allows for interactive testing where the behaviour of a ] Bieon o EEA '
device can be investigated in an easy manner to Hour _ RRC_Connecton_Release
e . o 10 % 30 %
facilitate debugging
| OK Cancel
SCrIpT
Line Time Id Direction Details
1 Script Details [NR5G_LTE_PSCelladd]
2 SIM Information [Explicitly defined]
3 00:00.00 5G User Prompt [Activate NRSG Cell]
4 00:00.00 MNR-Cell & Activate NR5G Cell [NR-Cell & :DL Power = -80 dBm/7 5kHz]
| 5 |o00:0000] nNcela [ [5G DYNAMIC CONTROL POINT [Continue after User Action]
& 00:00.00 5G User Prompt [Start NRSGUEDemonstrator.exe]
7 00:05.00 E-Cell & Activate LTE Cell
g 00:00.00 E-Cell&4 55 -- M5 RRC Connection Reconfiguration
9 00:00.00 5G User Prompt [Wait, Press Ok to Exit]

KEYSIGHT
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Modify network behaviour easily

5G PROTOCOL R&D TOOLSET

* Allow dynamic L1/L2 Generai (DU Schediing | UL Scheduing
parameter changes without e
the neEd for programmlng Resource Block Allocation

* Very useful in early
development testing of
prototypes PDSCH Stan Synbol

xPDSCH Stop Symbol

xPUCCH Resource Index HARQ Auto Ack

DL PCRS No PCRS Scrambiing Code Id 0 v

UCI Request Configuration (Using xPUCCH - DCI B1/82) Allocabon Mode Configuration xPDCCH Search Space Configuration

Request Type None v Resource Allocation Mode Normal DCI Allocaton Mode

Antenna Ports Configuration Aggregation Level

Single Layer Transmisson
X Y

Ofdm Symbol Indax

KEYSIGHT
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5G logging

5G PROTOCOL R&D TOOLSET

Home Control KPI Control

- Displays all layers of the - " & L s

Open SaveAs Close Find Results L\ DPA Interleave

protocol stack; PHY, MAC,

I e LC I E I E C I DCI Summary Log Records  KPI View Summary: MasterinformationBlos
] ]

» Overview: Protocol: RRC, Versio 15 Jan 2018, Record: BCCH-BCH-Message
Ions | E || Protocol Record Source Destination Summary Frame 4 Fields

4 BCCH-BCH-Message

- Filtering allows the user to e S

view the data of interest e ' o ool

systemFrameNumber: 00000000
schedulingInfoSIB1-BR-r13: 0
spare: 00000

. Advanced search features i e e CH
and bookmarks make
debugging easier

ndaryNo

MasternformationBlock

» User friendly as all
Information needed is . : e L
available in one view _ e s ' s e e

~  Loaded: None
Bookmarks

og 8.3 MB|Records: 1223(69872)

KEYSIGHT
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Results viewer

5G PROTOCOL R&D TOOLSET

« Customised view with = e e
multiple graphs -

Load Save Save Default Clear
As -

KPL View Time Filter

- Enhanced debugging as . _
relationship between T —
various KPIs such as data
rate and BLER can easily
be seen graphically

5G_A\PHY\Downlink'wPDSCH Served Throughput
600

Data Rate (MBps)

* Link from graph to relevant
location in the log to
facilitate debugging

Pre5G_A\PHY\Downlink'\«PDSCH Served Throughput
Name Min | Max Average | Records
Served (PhyCelllD: 1) 498.859| 205.554

Served (PhyCelllD: 2) 498.859

Served (PhyCellD: 3) 498.859| 212.2:

* Report generation to share |t
results with other teams

Served (PhyCelllD: &) 510.736

KEYSIGHT
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Uplink EVM X UL MCS Allocation X DLRB Allocation X

X Pre5G_A\PHY\Downlink\xPDSCH BLER

DL MCS Allocation X DLConfig X UL Config X Dl
b LTE

4 Pre5G_A
b RLC
PDCP

L4
P MAC
P PHY

Time {Seconds)

BLER (PhyCelllD: 1)

Pre5G_A\PHY\Downlink\xPD5SCH BLER
Name Min | Max  Average
%BLER (PhyCelllD: 1) 242

%BLER (PhyCellD:

%BLER (PhyCelllD: 3)

%BLER {PhyCelllD: 4)

“%BLER (PhyCelllD: 5) 0

%BLER (PhyCelllD: 6) 0

LER (PhuiCellD: 7). 0 nonnm

Pre5G_A\PHY\Downlink\xPDSCH HARQ Ack/Nack
Name i Max | Average| Records
ACK (PhyCelllD: 1) 97.674| 97645 | 155
ACK (PhyCellD: 2) 97.759| 97641 | 119
ACK (PhyCelllD: 5) 2 9 154

100

100

Markers

Log si 428.9 MB|Records: 6519828(6519828)
EE——




5G Device End-to-End Workflow

5G Interactive R&D

ol
o

Protocol RF DVT* Functional
R&D* KPI

Network o |
i Emulator Zlil=
5G Device Acceptance Emulator mmWave OTA Solutions
tol))
Protocol RF/ RRM Carrier
Conformance Conformance Acceptance

More RF bands, wider bandwidths,
and beamforming;

« Wideband calibration and verification
* New waveforms, flexible numerology
« Beamforming & beam management

* More band combination complexity

DVT = Design Validation Test

KEYSIGHT

TECHNOLOGIES

Key Features:

v' 5G NR support

v" RF Test Application

v" Automation & Scripting
v Pre-conformance ready

v’ Traceability to conformance

Sub-6 GHz and mmWave - Conducted and OTA



5G N R SUu pport e s oy m}est Automation Platform (TAP)

Test Plan 5G_Tests.TapPlan *
+ = 4 PRun M = Repeat ~

5G RF DVT TOOLSET Stao ame Vb Duaton  StaoTyoe

{O v Wireless Test - 5G - 3GPP.6.2.2 UE Maximum Output Power Wireless Test - 5G \ 3GPP \ 6.2.2 UE Maxamum Output Power

5G - RF Param

Test etncs. Sensitivity Wireless Test - 5G \ RF Para cs \ Sensibvity

G - RF Parametnics, Transmit Signal Quality Wireless Test - 5G \ RF Parametrics \ Transmit S

e Sub-6 GHz and mmWave

. ‘ EFTI{:rnal Test Plan Parameters C re ate te St Ian S
« Deployed standalone or with LTE [r— e oSt P
anchor — : ;c_,;.;;:; e 8

* Flexible numerology I : o ———

UE Maxamum Output Power

« High directivity phase-array antennas :
and beamforming S A e

« OTAtest challenges

0.000 s Scale/Div 200.0 p»
EVMMER 2 Digital IF BW 100.00 MMz Meas Time 2.0000 ms (245761 pts)
EVMFost
Prlotf vm
Databvm

1 Orsgh
Scale/Div 10.0 48 Rel Value 20.00 Bm

i i
Video BW 2.4000 Mz Span 100 M
FRes BW 240 00 Wz Swoep Time 1.67 ms (1001 pos).

2 Metics

Total Power

59 143 Mz SG NR X_App % 6 OBW Powes

KEYSIGHT

TECHNOLOGIES



DL ~50A0.0 dBm

RF Test Application
! . freg:  28000.0 mH: J

- Transceiver A

\é\ Power  =90.00 dBm/75kH:z 2 Pre-5G

VMA 1 +

* Flexible manual testing Custom OFOM v

. KEYSIGHT 'nput RF Carrier Ref Freq 27.650000000 GHz
| it AC

* On-a-call UL RF measurements e —

1CC1IQMeasTime ¥ 2CC2RawManTime v
‘ Scale/Div 10.81 dB Ref Value 42.15 dBm

« Common Keysight measurement
science through X-Apps measurement
application

oA r YR 4o
byrvdhPocea
Yoweldrvye
‘o o0 290y

-nQ;‘.¥

d »¢ "
eR N2 2NN

¢t
Vv -

|
|

« Automate test set up Keysight 5G
Interactive tools 3208

3CCAEmor Summary ¥

EVM 366% 1Q Offset -53.39dB
| EVM/Peak 1300 % 1Q Qual Err -0.10 deg
Pilot Evin 234 % 1Q Gain Imb 00015 dB
Data Evm 379%
Pmbl Evm -
1

Freq Emmor  -454 01 Hz Tx Pwr (CC7) -5095dBm
Sym CkErr  -0.09 ppm Tx Pwr (Total)  -38.35 dBm
CPE 195%

; Sync Corr 0.9993

5G NR RF Test Application on UXM 5G

Power l PHY | Scheduling | MAC/RLC/PDCP I UE Info | BEERApUL

[ SELected]: PSG:ACTIVE[:STATuS]

KEYSIGHT

TECHNOLOGIES



File Settings Tools Help
Test Plan Untitled *

Automation & Scripting e

ame Verdict Duration Step Type

SG T-0A.General Settings Pre-5G ePass  [ESEIEI RFT Pre-5G T-0A: Measurement tools for SGTF \ Common \ General Settings Pre-5G
5G RF DVT TOOLSET E;sc T-0A.DUT Attach oPass  [IEDISEEN RFT Pre-5G T-0A: Measurement tools for SGTF \ Connection |\ DUT Attach |
)-5G T-0A.Beam Switching/MobilityePass [ EESSEII RFT Pre-5G T-0A: Measurement tools for SGTF | Measurements \ RRM Measurements \ Beamforming
)-5G T-0A.DUT Detach eprass  [EEEI RFT Pre-5G T-0A: Measurement tools for SGTF \ Connection \ DUT Detach ‘

« Automate complete test set up including
device and mmWave OTA measurements

« Test cases scripting with Keysight
measurement tools or customized test
steps 5

« Examples too

Errors 0 Wamings 0 Information 329 Debug 2553

14:53:39.944 RFT Pre-SG T-0A4 <Parameterlonfigured>GeneralSettings.Connectors Mode = Split

° In Itlal Access 14:53:30,944 RFT Pre-5G T-8A <ParameterConfigured>RFT Pre-56 T-@A.DUT Detach.DUT Switch OFF/On = False
14:53:

.944 RFT Pre-5G T-@A <ParaseterConfigured>RET Pre-5G T-0A.DUT Detach.DUT Switch OFF Delay = @

w
o

39
14:53:39.944 RFY Pre-5G 7-0A <Parameterlonfigured>RFY Pre-56 T-8A.DUT Detach.DUT Power (ycle = False
14:53:39,944 RFT Pre-56 T-8A <ParaseterConfigured>RFT Pre-5G T-8A.DUT Detach.DUT Power OFFf Delay = @

° Beam Man agement 14:53:39.946 RFT Pre-56 T-8A <WorkFlow>Wwaiting 2 seconds for cell activation/ceactivation...
14:53:41.947 RFY Pre-SG T-0A4 <WorkFlow>Setting CELLY OFF.
14:53:42.097 RFT Pre-56 T-8A <WorkFlow>Waliting 2 seconds for cell activation/ceactivation...

i, . 14:53:44.097 RFT Pre-5G T-0A <Workflow>Checking connection status for CELL] is OFF.

o DOWnlInk Channels demodulatlon 14:53:44,105 TesztPlan RFY Pre-5G T-QA.0UT Detach completed with verdict ‘Pass'. (4162 ms)
14:53:44,137 Summary == eeecseaaaas Susmary of run started 92/85/2018 14:52:55 «ccceccens
14:53:44,142 Susmary RFY Pre-5G T-0A.General Settings Pre-5G 12992 ms  Pass

. 14:53:44.141 Summary RFT Pre-5G T-0A.DUT Attach 30559 ms  Pass

° U E reportl ng 14:53:44.141 Susmary RFT Pre-5G T-@A.Bean Switching/Mobility 2691 =5 Pass
14:53:44,141 Susmary RET Pre-5G T-0A.DUT Detach 4162 ms  Pass
14:53:44.141 Summlry 3 ~erccecsscscssseccccsscssssssssssssssssssscsssasssea s ne

4 14:53:44,141 Summary = csesseae TestPlan completed successfully in 48,49 8  -cvccens

o Total Radlated Power (TR P) 14:53:44,766 Log Resource "Log" closed. [© ms)
14:53:44.766 56 Log Resource “5G Log" closzed. [@ ms)
14:53:44.766 DUT BASIC Resource “DUT BASIC™ closed. [@ =s]
14:53:44.767 BSE_PSG Resource "BSE_PSG (TCPIPO::localhost::hislip2::INSTR)™ closed. [1 ms)

DUTs DUT BASICe  Instruments BSE_PS5Ge RF Chambere Results Loge 5GLoge

KEYSIGHT

TECHNOLOGIES



TeSt Application More RF bands,

SIGNALING

@ Estavlish the 56 NR Call
« Configure; Cell, Beam, DL/UL channels and signals, scheduler
 Complete PRACH

wider bandwidths, %

and beamforming

UE gNB
PRACH

PDCCH/PDSCH
————| Msg 2

PUCCH/PUSCH
—

PDCCH/PDSCH
l——— [ Msg 4

KEYSIGHT

TECHNOLOGIES



Establish a 5G NR Call

SINGLE CELL AND CARRIER AGGREGATION

Main Cell
(LTE)

Secondary
Cells (NR)

KEYSIGHT

TECHNOLOGIES

2k Keysight CBT00200A 5G NSA Full Stack Test Application

Config Identities

Frequency
Duplex Mode:

Frequency Range:
DL Bandwidth:
DLARFCN

DL Frequency:

DL Point A:

Phase Compensation:

Power

Reference Signal EPRE:

Expected UL Power:

DL Cable Loss:

TDD

.00 d

TDD v
FR2 (mmWave)

FR1 (sub-6GHz)

FR2 (mmWave)

2078659

dBm/SCS
dBm

dB

Band:

Subcarrier Spacing (Common):
UL Bandwidtl

ULARFCN:

UL Frequency:

UL Point A:

DC Notch:

Timing

Cell Timing:
Uplink Delay:

Antenna

DL Physical Antenna Poris:

UL Physical Antenna Ports:

‘ BLER/Tput ‘ Tx

N257

3 (120 kHz)

2078659

samples

ET]

Cell On

Connectw

Frequency range,
band, bandwidth...

)

o
Handover

Measurements

Note: Maximum number of Cells may depend on technology, bands and HW configuration

Power, Timings,
Antenna Ports




Establish a 5G NR Call

BEAM CONFIGURATION

Config Identities

Frequency
Duplex Mode

Frequency Range
DL Bandwidth:
DLARFCN

DL Frequency:

DL Poi

Phase Compensation

Power
Reference Signal EPRE:

Expecled UL Power:

DL Cable Loss:

Configuration error: Appli

it Keysight CB700200A 5G NSA Full Stack Test Application

2078659

DL

dBm/SCS
dBm

dB

nfiguration file 8% been changed. In

Band:
Subearier Spacing (Common):

UL Bandwidth:

ULARFCN

UL Frequency:

UL Point A 2078659
DC Notch:

Timing
Cell Timing:

Uplink Delay

Antenna

DL Physical Antenna Ports:

UL Physical Antenna Ports:

58 Keysight CETD0200A 5G MSA Full Stack Test Applcation

and FR2 has different

KEYSIGHT

bitmaps

TECHNOLOGIES

=] =

>
Measurements

FR2,L =64

5 ms window

120 kHz
(L= 64)

240 kHz
(L= 64)

0.5 ms W= I:\:‘wnwm‘.

4 OFDM Symbols

48 subcarriers

Tms [ =l [ =

48 subcarriers

(i.e. 4 PRBs) 144 subcarriers (i.e. 12 PRBs) (i.e. 4 PRBs)
127 subcarriers ‘
PBCH
PBCH PBCH
PBCH
[ »
= ol

240 subcarriers (i.e. 20 PRBs)

SSB includes 1 PSS, 1 SSS and 2 PBCH OFDM
symbols the random access, transmitted over the
same single antenna transmission scheme



Establish a 5G NR Call

PHYSICAL LAYER PARAMETERS

8 Keysight CBT00200A 5G NSA Full Stack Test Application

Bandwidth Part HARQ PDSCH PDSCH DMRS PDCCH PRACH PUSCH PUSCH DMRS

Initial Bandwidth Part

DL Initial BWP Subcarrier Spacing: UL Initial BWP Subcarner Spacing:

DL Initial BWP Starting CRB: UL Initial BWP Starting CRB

DL Initial BWP Number of PRBs: UL Initial BWP Number of PRBs:

Carrier Bandwidth Parts

DL First Active Bandwidth Part: UL First Active Bandwidth Part:

Configuration

Setting 1st Bandwidth Part 2nd Bandwidth Part 3rd Bandwidth Part 4th Bandwidth Part
Enabled:

BWP ID:

Starting CRB
Number of PRBs:
Subcarrier Spacing:

Extended Cyeclic Prefix:

ut ‘T:-‘. as ‘

cled. (Error 137)

PUCCH

= = =]
Main

Cell On

Connecte

Blind
Handover

Measurements

Define DL and UL Bandwidth
parts; starting CRB, duration
expressed in PRBs, Sub Carrier
Spacing, Code Prefix

Overall carrier

KEYSIGHT

TECHNOLOGIES

BWP #1 BWP #2

Each BWP consist on a group of contiguous PRBs



Establish a 5G NR Call

PHYSICAL LAYER PARAMETERS

=& Keysight C8700200A 5G NSA Full Stack Test Application

Main

CellOn

Bandwidth Part ) PDCCH

Main

DL HARQ ' - ‘ : -26.
" | - , HARQ, DL and UL
Num DL Harg Processes: Freq o Cell On
1 .
channels and signals
Bandwidth Part HARQ PDSCH PDSCH DMRS PDCCH PUSCH PUSCH DMRS PUCCH
C ctw = A
Enable Spatial Bundling (PUSCH): s CO nfl g u ratl 0 n

UL HARQ

Enable Spatial Bundling (PUCCH)

PRACH Config
Num UL Harg Processes:
Preamble Format: Format A1 Frequency Start:

Blind

Subcarrier Spa Msg1 FDM: Handover

Config Index: Restricted Set Config:
uRoot: Zero Comelation Zone Config

Preamble RX Target Power:

‘ BLER/Tput | T

y not be as expected. (Error 137)

KEYSIGHT

TECHNOLOGIES



Establish a 5G NR Call

SCHEDULING

& Keysight C87002004 5G NSA Full Stack Test Application

-85.00 dBm/15KHz -19.85 dBm/MHz
BW: 10 MHz BW: 100 MHz
EaRFCn:D: 36100 : 3550.56
U: 36100

5G NSA ((( ))) PCC/TDD 23 NSAQNE SN« N77

Scheduling Map Slot Config

Radio Frame Map
Number of Radio Frames per Repetition: 8 ¥

Slot Map
0 1

NS4 gNB SN rzﬂ ( ®

|
-26.01 dBmhie

NSAgNB SN stﬂ( =
. ®

75 (14 A Do /ML

NSAgNB SN NZﬂ

75 (14 A /AL

IV & Keysight CB700200A 5G NSA Full Stack Test Application

-85.00 dBm/15KHz

W
EARFCN-D
u

5G NSA ((())) PCC/TDD 33

NSAgNB SN ' NTT
-19.85 dBm/MHz

10 MHz BW: 100 MHz
36100 D: 355

36100

Freq:

NSAgNB SN+ N257
-26.01 dBm/MHz

BW: L H

D: 28120.80

U: 28120.80

Freq

NSAgNB SN+ N257
-26.01 dBm/MHz
BW: A
822448

Freq D: 2
U: 2822448

NSAgNB SN - N257
-26.01 dBm/MHz
BW 100 MHz
8328.16
8328.16

Scheduling Map

Frame Configuration: FCO

UL Settings
Fixed MCS Index:

Fixed RB Allocation:

PUSCH Mapping Type A:

Time Domain Resource Assignmt

Bandwidth Part Index

DCI Type:

DCI Allocation Mode:

DCI Search Space Type

Preceding Info/Number of Layers:

tem J\ Cell J\ S5B J\ PHY Scheduling MAC/RLC/PDCP J\ Data Generation BLEFR

Siot Config

Slot index:

Format_0_0

Dynamic

UE Specific Search Space

Direction:

Symbeol Start / Length:

RB Allocation Start / Count

PUSCH Slot Offset K2:

PUSCH Numerology:

Aggregation Factor:

Antenna Ports:

DCI Aggregation Level:

SRS Resource Indicator:

Scheduling MAC/RLC/PDCP J\ Data Generation J\ BLER/Tput J\ Tx Meas J

Configuration error: Application configuration file has been changed. Instrument behaviour may not Il Configuration error- Application configuration file has been changed. Instrument behaviour may not be as expected. (Error 137)

KEYSIGHT

TECHNOLOGIES

Main

Cell On

Connectws

Blind
Handover

RK»
Measurements




Establish a 5G NR Call

RANDOM ACCESS CHANNEL

& Keysight Z2160A 5G NR Non-sig Test Application

Enable RACH:

RACH Config
Temp C-RNTI:

Rach Response Delay:

Expected Dedicated Preamble Index:

Msg3SizeGroupA:

Contention-Based Resolution
SSB:

Contention-Free Resolution
SSB:

Start Index RA Preamble Group A:

RA Preamble Index:

Num RA Preambles Group A:

Num RA Preambles:

Msg1 Subcarrier Spacing:
Msg2 Subcarrier Spacing:

Msg3 Subcarrier Spacing:

o] & |5

k)]

Cell On

»
Measurements

»
Measurements

Utility»

Apply Changes

KEYSIGHT

TECHNOLOGIES

Msg 1

Msg 3

UE gNB

PRACH
[ —

PDCCH/PDSCH
——

PUCCH/PUSCH
e s o

PDCCH/PDSCH
G ——

Msg 2

Msg 4



TeSt Application More RF bands, %
wider bandwidths,

@ Estavlish the 56 NR Call
« Configure; Cell, Beam, DL/UL channels and signals, scheduler

 Complete PRACH

and beamforming

UE gNB
PRACH

PDCCH/PDSCH
—

PUCCH/PUSCH
—

PDCCH/PDSCH
PR————

Test Tx and Rx

« Transceiver; Channel Power, EVM, Freq Error, In-band
emissions, ACLR, SEM, OBW

 Receiver; BLER statistics

RF tests

KEYSIGHT

TECHNOLOGIES



RF test on-a-call

TRANSMITTER

Channel Power Occupied Bandwidth Modulation Parameters

Power

IGHT oot 77
Couplng. AC

0,00 dBm

e U T

Vida W 1,000 Witz

Span 150 MHz
Swoep FFT

Teanama Freq Eno

o[ o~ 7]

0 ([ ?] T

o
+

KEYSIGHT o i s oac cn g P
gl ) et

Scale/Div 10 dB Ref Value -10.0 dBm

et Vatus 2000

Al T

MMA - ! A
¥

o

Disp Center 27.88 GHz Chan Det: Average., Offs Det: Peak Span 501.00 MHz,

2 Table v Camerindex  Ref Carrier Power
#1- Max 21.97 dBm / 98.31 MHz ougita -  3,00 it

Sl 2000 3

Lower Upper
Strtfroq  StopFroq  IntgBW  dBm  ALima(dB) Froq (Hz) dBm T

00Hz 1000MHz 1000MHz  -57.96  (-30.99) -4600M 30 (32 0.0k e e
1000MHz  2000MHz  1.000MHz  -60.56 3 15.00 M

KEYSIGHT

TECHNOLOGIES



RF test on-a-call

RECEIVER

& Keysight C8700200A 5G MSA Full Stack Test Application e @ |[wE3a]

RXx Measurements EmO)B g B g STEme|@ g e g e | e
* Cell Power Selection “
* Sensitivity through R : — s |0 O P QG

100.0
Overall OTA Throughput

ACK/NACK count

60.0 Current —

Measurement
Setup

Peak

 BLER is the Rx e I
performance metric | | A

Time (s)

o T h ro u g h p ut | — Overall BLER -

UL BLER % Measurement

(3
Control

15.0 | 25.0 - Save to File

Time (s)
UEI BLER/Tput

cted. (Emor 137)

KEYSIGHT

TECHNOLOGIES



More RF bands, Wider BW, BF More RF bands, %
wider bandwidths,

@ Estavlish the 56 NR Call
« Configure; Cell, Beam, DL/UL channels and signals, scheduler
 Complete PRACH

and beamforming

UE gNB
PRACH

PDCCH/PDSCH
| f—
PUCCH/PUSCH
—

PDCCH/PDSCH
PR————

e Test Tx and Rx

« Transceiver; Channel Power, EVM, Freq Error, In-band
emissions, ACLR, SEM, OBW

 Receiver; BLER statistics

Automate test for thorough verification ,
Test Automation

Create Scripts using Keysight Measurement blocks

Test with power, frequency sweeps

Test Executive Environment

KEYSIGHT

TECHNOLOGIES



UXM 5G TAP Plugin

TAP STEPS TO CONTROL UXM 5G AND CHAMBER

St

eps ? ~ x

‘ lsearch...

Basic Steps

DUT_UE

E7515A

E7515A-GSM

E7515A-10T

E7515A-LTE
E7515A-Protocol Analysis
E7515A-WCDMA

E7515B

E7515B-5G-NR

w E7515B-5G-NR
+ 5GNR BSE

» Cell Actions

» Cell Setup

WO W W W il i g W W W g W g

E/BT0E-Fol

Flow Control

Results

RF CHAMBER

RFT 5G MR T-0A: Measurement tools for 5G NR
Test

XsaStep_N9020A Add Add Child

KEYSIGHT

TECHNOLOGIES

A 4

b

> ?hroughput Measurements
» Utils

General

w LTEBSE

% Cell Actions

Cell Setup

MAS And Bearers
Throughput Measurements

>
>
>
» Utils

KS8360A

A 4

~ Cell Setup

>

>
>
>
W

Cell Config
Frequency
PHY
Power
Scheduler

DL Slot Config

Add

Scheduling Map

UL Slot Config

SSE Config
Substeps

Antenna Port Configu...

Basic Cell Config

Add

Add

Add

Add

 —

Step Settings

w Common

5G BSE

w Common Settings

cell

fc

sC

w Settings

DL Fixed MCS Index

DL HARQ Feedback Slot Timing K1

DL Symbol Start

DL Symbol Length

DL RE Allocation Start
DL RE Allocation Count
DL PDSCH Slot Offset KO

w DC| Settings

DL DCI Type

DL DCI Allocation Mode
DL DCI Search Space Type
DL DCI Aggregation Level

[ CELL1
[] CELLZ

[] CELL3
[] CELL4
[] CELLS
[] CELL®
[] CELL?
[] CELLE
FCO
SC0

1

66

Format -~

Dynami

{

UESS

1 o



UXM 5G TAP Plugin

TAP STEPS TO CONTROL UXM 5G AND CHAMBER

Steps ? e

‘ lsearch...

Basic Steps
DUT_UE

E7515A
E7515A-GSM
E7515A-10T
E7515A-LTE
E7515A-Protocol Analysis
E7515A-WCDMA
E7515B
E7515B-5G-NR
E7515B-P5G
Flow Control
Results

RF CHAMBER

~ RF CHAMBER
v Calibration

\ 4

~ Direct Move

Go To Positioner Home Add

Move Add

RFT 5G NR T1-0A: Measurement tools for 56 MR
Test

L Bl R L L L R

XsaStep_N9020A Add Add Ct

nild

KEYSIGHT

TECHNOLOGIES

A 4

Fetch Path Loss Add Add Chilc
Import Path Loss Add Add Chilc
Path Alignment Add Add Chils
System Loss Add Add Chilc
User Cal Add Add Chilc
» Information
w Movement
y Direct Move
» Helper
» Speed
» Sweep
Coordinate System Add  Add Chile
Current Position Add Add Chilc
DUT Orientation in Nest Add Add Chilg

Move Execute Add
Set Positioner Zero Add

Wait Positioner Moving Add

Step Settings

w Common
Instrument

Generate Result

Set Verdict on Fail

w Position

Control Coordinate
Motor Azimuth

w Action

Immediate Execution

~ Positioner State

Fail

MOTor
0°

i

Wait until destination reached [+

Timeout
Positioner Moving State

Folling Frequency

60000 ms
OFF
1000 ms



5G NR T-0A: Measurement tools

TAP STEPS TO MEASURE RF TX AND RX CHARACTERISTICS

Step Settings ? ~ X
~ Common
XSA BGNR v

~ Sweep Settings

Continuous Measurement State OF ~
Steps ? ~ e ~ Radio Settings
RF Port RF ~
‘ lsearch... Q
+ Measurements Measurement Direction Up ~
» Basic Steps ~ 5GMNR FR2 Metrics ~ Frequency Settings
» DUT_UE
» E7515A EIRP Add Add Child Center Frequency 28 GH:
. . e M t S
> E7515A-GSM Maximum EIRP Add Add Child easurement span zoom
» E7515A-0T ~ Measurement Settings
- Minimum EIRP at COF Add Add Child
> EJS15ALTE Multicarrier Measurement ]
% E7515A-Protocol Analysis - e
s E7515AWCDMA ¥ Minimum Peak EIRP Add Add Child Averaging State OF w
» E7515B Tx Beam Peak Add  Add Child Frequency Range FR ~
» E7515B-5G-MR » 5GNR Rx Bandwidth 10w
» E7515B-P5G w S5GNR XSA Frequency Offset 0Hz
3 Flow Control " " BW P
» Results w RFT 56 NR T-0A: Measurement tools for 56 NR Adjacent Channel Po.. (Sl |Ardd Chil :
S L CHAMBER SN0 Channel Power Add Add Child v Trigger Settings
» RFT 5G NR T-0A: Measurement tools for 56 NR > » Measurements > Trigger Source Pr s
| . i i Add Chilc
T Tes > BGNR FRZ Metrcs Modulation Analysis ~ Add  Add Child Trigger Delay State or -
XsaStep_N9020A Add  Add Child > SGNRRx Occupied Bandwidth ~ Add  Add Child Trigger Delay 0.008C
» 5GNR XSA : .
Spectrum Emission.. Add Add Child v Verdict Settings
Enable Verdict [l

w Results Settings

Generate Report [+

C870250AA RFT

KEYSIGHT

TECHNOLOGIES



5G NR T-0A: Measurement tools

TAP PLAN EXAMPLES

Test Plan NSA_FR2 N260_5GNR_ErrorVectorMagnitude
step: TestPlan: o [ Repeat -

Step Name Verdict Duration Flow

Completed in 0.00 s

Step Type

[#] — LTE cell configuration —

Basic Steps \ Log Output

[#] RFT 5G NR T-0A.LTE Cell Configuration - CELL1

[#] RFT 5G NR T-0A.LTE DL Scheduler Configuration

[¥] RFT 5G NR T-0A.LTE UL Scheduler Configuration

[#] — NR cell configuration —

[¥] RFT 5G NR T-0A.NR Cell Configuration - CELL2

[#] — Set UE State —

[¥] E7515B-5G-NR.LTE.NR Cell Reconfiguration with SgNB Addition

RFT 5G MR T-0A: Measurement tools for 5G NR \ Commeon \ LTE Cell Configuration

RFT 5G NR T-0A: Measurement tools for 5G NR\ Common \ LTE DL Scheduler Configuration

RFT 5G MR T-0A: Measurement tools for 5G NR \ Commeon \ LTE UL Scheduler Configuration

Basic Steps \ Log Output

RFT 5G MR T-0A: Measurement tools for 5G NR \ Common \ NR Cell Configuration

Basic Steps \ Log Output

E7515B-5G-NR \ LTE BSE \ Cell Actions \ BSE Procedures \ NR Cell Reconfiguration with SgNB Addition

[#] RFT 5G NR T-0A.NR Set UE State

RFT 5G NR T-DA: Measurement tools for 56 NR ' Common \ NR Set UE State

=) [#] If Verdict (NR Cell Connected)
[#] — Set Measurement Conditions —

[#] RFT 5G NR T-0A.NR Set Measurement Conditions

Flow Contral \ If Verdict
Basic Steps \ Log Output

RFT 5G NR T-0A: Measurement tools for 5G NR \ Common \ NR Set Measurement Conditions

—
() [] — Search TX Beam Peak —

Basic Steps \ Log Output

[#] RFT 5G NR T-0A.OTA Positioning: Spherical Sweep
[#] RFT 5G NR T-0A.Tx Beam Peak
[#] — Positioning and measurement -—

[] RFT 5G NR T-0A.QTA Positioning : Direct Move

RFT 5G MR T-0A: Measurement tools for 5G NR \ Commeon \ OTA Positioning

RFT 5G MR T-0A: Measurement tools for 56 NR \ Measurements '\ 5GNR FR2 Metrics \ Tx Beam Peak
Basic Steps \ Log Output

RFT 5G MR T-0A: Measurement tools for 56 NR \ Commeon \ OTA Positioning

d) [#] — Set UE State Disconnect —

Basic Steps \ Log Output

—
@ ] RFT 5G NR T-DA.NR Set UE State IDLE

= [¥] RFT 5G NR T-0A.NR Set UE State IDLE
[#] E7515B-5G-NR.LTE.NR Cell Reconfiguration with SgNB Addition
[¥] E7515B-5G-NR.Activate Cells

[¥] E7515B-5G-NR.Activate Cells
—

RFT 5G MR T-0A: Measurement tools for 56 NR\ Commeon \ NR Sat UE State

RFT 5G NR T-0A: Measurement tools for 5G NR \ Common \ NR Set UE State

E7515B-5G-NR \ LTE BSE \ Cell Actions \ BSE Procedures \ NR Cell Reconfiguration with SgNB Addition
E7515B-5G-NR \ General \ Cell Actions \ BSE Procedures \ Activate Cells

E7515B-5G-NR \ General \ Cell Actions \ BSE Procedures \ Activate Cells
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RF DVT Toolset

' Keysight TI110A Test Manager 3.0 —
8 rojects - 4 Optons - Abou

Project ID: ~ SQ H31 N2.0_SHP1 CT RF 02.18

PATH

Test Automation

KS8400A

Automaton tool _Samples Browser _PIXIT Editor G el Paramters Ector_PICS Edt

3l Open flSave *fBestFit  Show logs [ Clear list L& Repetitions @ Ex
& Expond goups % ‘Select ol Test Coses ( right cicktoa
G [pmiia x| ——
Product Yersion ¥
e vamn v T

<] v] [Match case

UE Maxmum Quiput Power
Masmur o

i

S P

Solution

Power Concral Absalute powet toler

Pous power tolera

DUTs hfdliew Itmments 5GRSCs  TERSE s Resaa A

Common Components
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5G Device End-to-End Workflow

Network

5G Interactive R&D 5G Device Acceptance Emuistey Eﬁgfo'r mmWave OTA Solutions
Protocol RE DVT* Functional Protocol RF/ RRM Carrier M 3 ﬂ‘bd‘i\ﬁ
R&D* KPI Conformance Conformance Acceptance : N&i ?ﬂ v
%c@‘&ﬂ . -
2 . M
Support for sustained maximum E2E Key Features:
throughpu_t, meet power v Easy to use GUI enables complex tests without the need to
consumption goals; define protocol scripts
« Stress test the device at maximum v" Network configurations optimized to measure device
performance

E2E data throughput
_ v Throughput, Battery life, Beam management
« Benchmark battery life performance

] v’ Flexible automation, including use of external measurement
for different 5G use cases g

equipment

v" Simple Test case development

KPI = Key Performance Indicators . . .
v" Use results viewer for off line analysis

Sub-6 GHz and mmWave - Conducted and OTA
KEYSIGHT
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5G Device End-to-End Workflow

5G Interactive R&D 5G Device Acceptance

eceoece

Test Spec
TS 38.523-1

L

TTCN-3 Test Suite

Protocol RF DVT* Functional Protocol RF/ RRM Carrier —
R&D* KPI Conformance Conformance Acceptance
Test Sp
Protocol waras RF/RRM

.

§, ]
: a
= 8

Gt ©

|
-
S

k — ;CT“'I:t‘e:t‘ly\h/I.awnag;r J

e

=

\ TTCN-3 Editor / Viewer /

KEYSIGHT
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Log Viewer

\

vy _

RF Rx/TX Test cases

Test Spec
38.521-4

H¥

Performance testing

( T [— \ Fey
[ — a

Radio Resource

Management (RRM)

Sequencer

_

Log Viewer

o

-




Case Study: 5G Chipset OTA Test Dermonstrated at MWE BT

Challenge: Measure the 5G download
throughput rate OTA with full protocol
stack

Tl

L

-
-
-
.

"

Solution: CATR with UXM and Protocol
Toolkit

* Qualcomm x50 5G Modem

* 4 Gbps download speeds

» Full protocol stack

8 x 100 MHz Carriers

« 800 MHz aggregated bandwidth

KEYSIGHT
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What does an OTA Solution Look Like

How good
IS my
antenna?

Is my RF
working?

Cable

Is my : \ = Replacement
chipset | cDMPAC

working?

3 g fQ. @
): @ O B
S D ®:

KEYSIGHT
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What are your mm-Wave OTA testing needs?

5G DEVICE END-END SOLUTIONS

RE/Antenna Protoc_:oI/Fun_cnonaI Beamforming with Mobility and
Single Link Clean channel Performance

il
€

39000000

CATR 3D MPAC
RMTC 2D MPAC

KEYSIGHT
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5G NES Hardware Components

UXM 5G Wireless Test Platform (E7515B)

« <6GHz Frequency range

e Scalable bandwidth 8Tx/4Rx @800MHz, 4Tx/2Rx @1600MHz
* Integrated RFIO + Internal fading

« Support for RF, IF, Host and BBIQ interfaces (slow and full rate)
« Support for 10GbE connectivity

Common Interfacing Unit (E7770A)

« Same unit for both PROPSIM CE and UXM 5G

« Supports up to 8x heads, with scalability for more
» Flexibility to add new heads to support new bands
« Supports high IF connection (6-12 GHz)

mmWave Transceiver for 5G (RRH)
« Supports 28, 39 and 40GHz bands
« Compact, bi-directional

KEYSIGHT
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7 Key Measurement Challenges

Lots of Channels Life Beyond Connectors
MIMO/Beamforming Over-the-Air

-

Signal Quality
mmW, Waveform, Fidelity

/ W N - - - - _—
Channel Performance on the Network; Cost of Test \
Characterizing & Emulating Network Emulation | Assets, throughput |
| = | |
Mg :,i?,‘ \)‘).‘ .
R LT e ' l ]
A &% Protocol RF/RRM  Functional I : I
R&D DVT KPI
\

KEYSIGHT
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Challenge: Cost of Test

Challenges Enablers

* 5G NR Standard Complexity v’ Greater modularity (SW API, HW)
* LTE-A has grown to 3500 pages. 5G? = e e e e e e e == ——

* 10x Bandwidth. 1-100x Channels

[
|
 If measurements were slow for LTE, now what? I
|
|
|
|

* Flexibility, Ease of Automation
» How to quickly develop apps, APIs?

-——————,

« Compressed timeframes, cost envelopes e i
« How to continue to evolve with the Industry, 3GPP v’ Services and whole-enterprise approaches
* How to transition from R&D - DVT - MFG volumes
» How to leverage Industry 4.0 technologies & approaches

KEYSIGHT
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Case study — Test Acceleration of Individual Measurements

EVM =

ms
32 MHz Sample Rate
0.012s Time Span

ACP =
ms
125 MHz Sample Rate
0.040052s Time Span

KEYSIGHT

TECHNOLOGIES

109.5 ms

31ms 15 475 ms
ms

93ms

LAN Transport
Acquire IQ Data

Measurement Calculation

- Store to database

C - - Reduced analysis time
using cloud acceleration
263.5 ms
15 140ms
ms

v Algorithm Acceleration
v Multi-threading & Server farms
v Centralized data processing & analytics



Testing Scenarios

BASELINE

Test E

- General

pectrum

Measurement calculation is
performed on instrument \
(using X-App) \

COST $10.17

OF TEST

E
1d
0
E
N
1
|
I
|
I
|
1
|
I
|
|
|

HANDLING WARM-UP CAL TEST HANDLING

KEYSIGHT
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GEUUL

Process Algorithms

f Acquire IQ data

Testing Scenarios

Test Executive

BASELINE

+ Add Server CPU

Instead of X-App

processing on-instrument, e

process acquired IQ AN /

samples on external server N /I DUT COST _16%

3 . OF TEST
AN
\ /
HE =B . Process in parallel
—! A 1 process on afast CPU

KEYSIGHT
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GEUUL

Testing Scenarios

BASELINE

+ Add DUTs

Step Settings
- General

Repeat

GMSK Power vs Time
GMSK Phase and Frequency A Center Frequency
EDGE Power vs Time 5 — Trigger

EDGE OQutput RF Spectrum X Auto Trigger
Transmit Power

EDGE EVM ~ Attenuation

Share a test station [S]0  omoommamenn ome B

Sweep Loop

Trigger Source

Electrical Attenuation

to test multiple DUTs 18 * s s Ebctrn Atz
in “pipeline” fashion R |

COST g0

OF TEST

BUSY BUSY BUSY BUSY

KEYSIGHT _ © Keysight:Technologies 2018 - 60
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GEUUL

Testing Scenarios

MAKE IT
SCALEABLE

BASELINE

+ Add Server CPU
+ Add Instruments
+ Add DUTs

Share a test station
to test multiple DUTs
in “pipeline” fashion

KEYSIGHT _ © Keysight:Technologies 2018 - 61
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GEUUL

Testing Scenarios

MAKE IT
FLEXIBLE

BASELINE

+ Add Server CPU
+ Add Instruments
+ Add DUTs

Test development /test
execution are decoupled
from test system
configuration.

Test systems can be
“software defined” to
execute any test plan.

ol |

=

IR

—
:

Jl .

=

JHREE-

Q
—

u U

u
U

g
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Automation: Simplified sequencing, test plan creation

KS8400A TEST AUTOMATION ON PATHWAVE (TAP)

« Fast execution and test flow analysis

* User interfaces

« GUI

« Command line interface

* API

* Modular “plug-in” software architecture
* Microsoft .NET test step development

DUT Plugin

........
.

1 ’
r'" Sustom 1‘,
t, DUt L

r 1

Instrument Pluging

i 1\ - i
L, Cusiom '
1

i
=i Keysight,~' Ing:

U .
PO ! Plugins |
] | | e |

KEYSIGHT
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Test Step Plugins
If‘";:mt;n_r‘l‘l:“ ﬁ
“‘ Tesl |
"~ Sieas \«II

'4

User Interface Plugins

TR Tl
1 i i J
1
-~ Cugsom - 4 L)
i El 3
[ C 11— ey rI-J
] ] 1
b e ] ¥ - k
vald ot fand goos
e T
’ oL
() F
P -
! i

________

Result Listener Plugins

oz AN S
| ]
\ i Cuslom
| Reaults |
T’usicmrs‘?

W _-:_ _. .
Iy 30L
Datatase

Create Custom GUIs

Efficient Data Exploration |



Advanced Analytics for RF Measurements

FETEIEHT Vicm Measurements  Impori Dala  Conbipwre Users  Confipwre Site Help @& admin NBB44A

=~ B o Data
. L AT e e Insights

 Across org

‘ :  Across tools
ﬂm _  Processes
M{‘ W"wlﬂwﬂ"h" qu'"r 'IF#.H h""*‘r[ﬁlwqﬂ oy | S uamsches. o e ] PY Predlctlve

SPECTRUM VS. INPUT VOLTAGE

FREQUENCY RESPONSE VS.
Software Revision AND V;,
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STOUL
New Degrees of Scalability & Flexibility SELUL
MULTI-INSTRUMENT

M7y,

V1 I
\\ // \\\ l,/

DUTs PER TEST INSTRUMENTS PER ACCELERATION TEST STATIONS
STATION TEST STATION SERVER SPEED PER SERVER CPU

N\ /




Introducing: S9100A 5G Multi-band Vector Transceiver

v'Sub-6GHz, easily scalable to 24-44 GHz bands

B no wasted modules in order to cover both FR1, FR2 - highest asset utilization

v Extremely lean, compact design
& Smallest footprint, easy to expand up to 8x8 MIMO in 1 chassis without the size, cost, or
; }.; overkill of R&D benchtop boxes

12}
i

v'High quality EVM, including millimeter wave
< 0.7% at 28 GHz in loopback mode for accurate DVT and fewer false positives in MFG
(5G NR signal, 100MHz bandwidth, OFDM signal type with 12dB PAPR)

v Fast and Easy to Automate (“cloud ready”)
- Blazing fast PXle transfer rates & clean API streamline your 5G automation
- Accelerate your 5G DVT, then transition quickly to MFG (time to market)

v Flexible and Versatile (“OTA ready”)

Remote millimeter wave heads deliver highest OTA
measurement quality at the chamber
v Keysight system integration
- S9100A systems can be customized.
- Delivered pre-assembled, calibrated,
with typical system-level performance

KEYSIGHT
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OTA Benefits of the Remote Head at 28/39 GHz

VSA SENSITIVITY = BENCHTOP WITH HIGH LOSSES

Received signal level
after mmW cable losses
Benchtiop VSA

EVM

CABLE LOSS Power

| True DUT
output pwr
at the chamber

KEYSIGHT
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Degraded S/N |

_/v\_

Analyzer

@VSA receiver

@Chamber

mmW LOSS

©

Source




OTA Benefits of the Remote Head at 28/39 GHz

@VSA receiver @Chamber

EVM

: & Keysight
=  Modular VSA+head

Higher received level ——
Full SIN

. due to lower cable losses
‘t =

~C
I LessLoss “

Power 1
I True DUT | RE] Head Bias,
output pwr ) Control, LO

at the chamber ‘E

KEYSIGHT
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OTA Benefits of the Remote Head at 28/39 GHz

VSG DELIVERED POWER - BENCHTOP WITH HIGH LOSSES

@VSG source @Chamber

true delivered power
after mmW cable losses

(apparent EVM curve at the chamber)
Benchtop VSG >

Lost.power *
for a given
distortion level

| LOSS mmW Power
at the
mmW Power Source
at the DUT

KEYSIGHT
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OTA Benefits of the Remote Head at 28/39 GHz

VSG DELIVERED POWER - REMOTE HEAD WITH LOW LOSSES

@VSG source @Chamber

Keysight

VSG+head

Higher delivered power
at the chambe

true delivered power
after mmW cable losses

(lower power for a given EVM)

Benchtop VSG 2> “"“ " Less loss

Low Freq IF LESS LOSS

mmW Power 5
at the X3 o
source
mmW Power o[« ~
at the DUT ] '

KEYSIGHT
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The NEW M9410A/11A PXle Vector Transceiver

OPTIMIZED FOR 5G DVT & VOLUME MFG

Best-in-class integrated vector transceiver for DVT & volume Mfg, with
combined advantages of performance, cost and size:

Frequency range up to 6 GHz with 2-slot size

Frequency extension to cover mmWave (FR2) with M1740A mmWave
transceiver

Built-in 1.2 GHz signal generation and analysis bandwidth
Phase coherent & timing synchronization for multi-channel RF tests
Built-in Half Duplex (HD) port for different test scenarios.

Signal Studio for signal creation, and 89601B and X-Series measurement
apps for signal analysis

The 3-slot VXT M9411A adds optical data Interface for 1Q data streaming,
and custom FPGA (PathwWave FPGA) for measurement acceleration and
proprietary signal processing for extended applications beyond measurement.

KEYSIGHT
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M1740 mmW Vector Transceiver head

EXTENDING YOUR FR1 SYSTEM TO FR2

 One head covers FR2 bands (24-44 GHz) :
(No need to purchase multiple heads) e

* Integrated bi-directional ports, with
TX & RX swapping (select V vs. H polarizations)

* Integrated signal conditioning
(gain & attenuation)

* OTA-Ready design (low loss at IF, configuration flexibility)

FRONT PANEL — mmW to DUT BACK PANEL - LO, IF, Control
RFTx/Rx 1 RFTx/Rx 2 LO/IF Out IF In/Out IFIn LO/Pwr/Ctrl/IF In

N

36 VvDC
Present

’s
e A ~ $20dBm

15 VDC Max Input

A 15VDC Max Input

KEYSIGHT
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7 Key Measurement Challenges

Lots of Channels Life Beyond Connectors
MIMO/Beamforming Over-the-Air

-

Signal Quality
mmW, Waveform, Fidelity

Channel Performance on the Network Cost of Test
Characterizing & Emulating Network Emulation Assets, throughput

: o
‘) : T N
W)z S
| i = .;' p ' ::’5,9‘
Q%E o~ w
@ Protocol RF/RRM  Functional

R&D DVT KPI

KEYSIGHT
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Solutions for Full Wireless Network Lifecycle
FROM RF MEASUREMENTS TO ANALYTICS NeMO

Network
Optimization &
Roll-out

Network
Benchmarking

Network Control
& Monitoring

Post-Processing,
Reporting, and
Analytics

EEEEEEEEEEEE



Field Testing/ Drive Test Challenges

Drive Data
Preparation Management

Reporting

- \!

« Manual & /Canbedonelate &

after drive test

/- Script errors & -/Zpeopleincar «

_ _ _ ~ management
* Setup time @ * Deviation from . _ _
T <D planned route & * No ceptral @ * Most often include @
preparation &r » Tool issues: o ke manual steps i

* Repetitive (e.g.in- <«
building) @

o Antennas &
o Instabilities

KEYSIGHT
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mm-wave Challenge

FCC 5G frontier bands up to 71 GHz

4G 275020%Ge s 3860 G4t 71
B 8506HY 1600MHr 1400 MHY 000 L2

 5G mm-wave link budget is quite
different from traditional sub 6 GHz
wireless link budget

» Extra losses due to rain fade,
shadowing loss, foliage, atmosphere
absorption, humidity and, Fresnel
blockage

KEYSIGHT
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5G NR - Beam Based Network Coverage

Paradigm shift from cell
coverage to beam
coverage

There are many kind of
beams, static and dynamic,
mobile, and network side
DL reference beams
UL beams (UE/CPE-specific)
DL/UL traffic beams
Vendor-specific

KEYSIGHT
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Beam sweeping: PSS, SCC, PBCH

Beam sweeping: Minimum System information over PBCH

RACH request

UE-specific PDSCH beam: RACH response & System
information, RRC connection setup

gNB requests beam/CSlI reporting

n

Data transmission on beamformed PDSCH (with DMRS)

UE responds with beam/CSI report

PSS/SSS/PBCH Beam switch (handover)

Measure with mobile

' o\)/SSS/PBC
DMRs y

i

[

fepo
rt
PSS = Primary Synchronization Signal

SSS = Secondary Synchronization Signal
PBCH = Primary Broadcast Channel

\_J

PBCH DMRS = PBCH Demodulation Reference Signal
CSI-RS (DL) = Channel State Information Reference Signal
TRS = Tracking Reference Signal

SRS (UL) = Sounding Reference Signal

PDSCH = Physical Downlink Shared Channel



5G L1 channels and signals

DOWNLINK

« Common (visible in scanner and UE
measurements):

» User level (UE measurements only):

PSS (Primary Synchronization Signal) /

SSS (Secondary Synchronization
Signal)
PBCH (Physical Broadcast Channel)

CSI-RS (Channel State Info Reference UPLINK

Signal) » User level (UE measurements only)

DMRS (Demodulation Reference Signal) D / « PUSCH (Physical UL Shared Channel

PTRS (Phase-tracking Reference * PUCCH (Physical UL Control Channel)

Signal) | « PRACH (Physical Random Access Channel)
PDSCH (Physical UL Shared Channel) - DMRS (Demodulation Reference Signal)
PDCCH (Physical UL Control Channel) « PTRS (Phase-tracking Reference Signal)

* SRS (Sounding Reference Signal)

KEYSIGHT
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3GPP 5G NR Scanner Measurements with Nemo Outdoor

SS BLOCK REFERENCE BEAM DEMODULATION- MULTIPLE BEAMS

View from Nemo Outdoor, measuring one cell (PCI 0) with 8 beams, beam ids 0-7

o ¥ Memo Invex - Default - g X
HOME | DATAWINDOWS  SETTINGS  VIEW 9

* Reference beam coverage and 000, du 2

New Open Save  Open Close Export  New Open Save

. Hardware Configuration Measurement Workspace
uality measurements, demodulated X
] [mEY Events - 1. R&S TSMEG x| g
525 e E‘ Eventd  Time | OFDM scanning results - 1. R&S TSMES 1410 X =
. ]
L X t$C @ =i 2
reference signals o =
Values CIX | OFDMSCAN 14:16:38 [ach  _p] =
f 1. 55-RSRP = x | OFDMSCAN 181638, |oeny soANNING RESULTS bl
OFDMSCAN  14:16:38. o Al 2
SSRSRP (dB.. Ch PO Bl Al oFpMscaN 14e:9, | TRISISLAE E
z 0 o OFDMSCAN 14:16:39. || Measured system R z
 Reporte er Sync beam (SS block): ’ T =il e =
] T3 O e o S . 0 2 OFDMSCAN - 14: NR signal type RS =
141520 141530 141540 144850 184700 144710 144730 141730 N OFDMSCAN  14: =
< 5 0 3 OFDMSCAN Band NR band 77 S
OFDMSCAN Channel number 636704 =
[ ) ‘ an n e 8% | oromscan NR bandwidth DL 1 =
sz o [] OFDMSCAN MR physical cel dertity 0 2
B o x || oFbvscan NR beam index 0 g
. . 1z OFDMSCAN NR subcarrier spacing 0k
5 Values 0 x | oFomMscan :
° SiCal Ce entit 2
y y = o ! ! 1.55-SINR 5 X OFDMSCAN PS-RSRP (dBm) nja
B :ﬁﬂﬁﬁ%ﬂﬁwjﬁﬁmm ss-SINR(dB)  Ch pcl Bl ~|| orowscan PS-RERQ (iB) n/a
a2 13 0 0 OFDMSCAN PS-SINR (cB) nfa
@ -1z 15 N - OFDMSCAN S5-RSRP (dBm) 7.7
- Beam R
141520 141530 141540 141550 144700 141740 141720 144730 i F : OFDMSCAN SS-SINR. (B) 3.7
< > |7 - ! v g;g:gg:m S5-RSSI (dBm) 57.2
Line Graph - 55-RSRQ o x || oromscan PBCH RP (dEm) nfa
[ ] — . ol - E‘ OFDMSCAN PECH RQ (dB) nfa
OFDMSCAN PBCH SINR (dB) nfa
Layers 0% | orpMscan 556 RP (dBm) nfa
5 -1z i - Values 0 x || oFomMscan 558 RQ (dB) nfa
) T 16 —Wﬁqu‘_m | croscen SSB SINR (cF) nfa
_ 2 a0 - 1. 55-R5RG = OFDMSCAN Band NR band 77
@ SSRSRQ(dB)  ch  PCL B A SEE%E:E Channel number 636704
h -24 0 i
@ 0 0 rovacan NR bandwidth DL 1
28 0 1 OFDMECAN MR physical cel dentity 0
L — T Tqa4B20 141630 141640 141650 144700 144710 144720 141730 0 2 OFDMSCAN R beam index 2
= 5 0 3 OFDMSCAN NR subcarrier spacing Wk
OFDMSCAN Cydlix prefix Normal
Line Graph - 55-RSS| o x || oromscan P RSRP (dB) nfa
[ ] i ] 52% | e El OFDMSCAN PS-RSRQ (dE) nja
OFDMSCAN PS.SINR (cB
46 Layers & X || orpMscan (@B) nfa
52 ~ oA SSRSRP (dBm) 73.0
£ 56 OFDMACAN SSRSRQ (dB) -15.6
il SN 55-SINR. (dB) 3.9
7 OFDMSCAN
8 eq _ ,Lrﬂ_ OFDMSCAN S5-RSSI (dem) -57.2
w72 & Fw 1 OFDMSCAN PBCH RP (dBm) nia
w76 Lo OFDMSCAN PBCH RQ (dB) nia
OFDMSCAN
141520 141630 141640 141650 141700 141710 141720 144730 = O X can 1amn v ||PBCH SINR (dB) nja ©
< > 1.55-RsSl ox < 5 || sserp@m nfa
W[4+ DI}, Default {Default? /
START: 14:16:04.552, END: 14:20:27.879, CURRENT: 14:16:37.869 e 0 Device Config: - Measurement: NR4min.1
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3GPP 5G NR Scanner Measurements with Nemo Outdoor

SINGLE BEAM WITH DRIVE ROUTE

- o — 2y
G e : - X 2 © ATools i ® GROS-CAILL 4|[_|. AToon bed
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Massive MIMO Field Testing Challenges

« Massive MIMO is a cell capacity feature for sub 6GHz
« Gain achieved only when multiple UEs simultaneously generating downlink traffic

« Many variables:
« Distribution of users in the cell (horizontal and vertical)
* Multi-path radio environment
* Network configuration
 NEM implementations

 Field testing needed to verify the capacity gain provided
 Test setup is complicated, involving multiple UEs doing coordinated active data transfers

KEYSIGHT
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Massive MIMO Cell Testing

Field units distributed | Control o Data analytics tools
: | measurement coordination Aggregated cell-level KPIs
in the cell area | Real time monitoring Per-UE drill down

\Jl\
Nemo Cloud

|
|
|
Collection :
|
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Massive MIMO Cell Testing

ANALYTICS

H U satal coll FOSCH it & Tonls
£ e L] ) e L
m regation J
L4 A t t d gg g t f ”—I | n B0 g [TE Rotal cell FOSCH bRrate wu T
utomated aggregation of cell-leve ¢ .| [Total cell throughput
2 T T & Mumerizal Data
K P I S % = Ch numoer 1%:-
' = . - Currerd B 12
E -:i.:i.l:ll.l:l:l:"lf 1S 16120 S0 230000 16 24 00 DR 15250000 526500 00 1527 50 000 | 5128000000 16 29 000 000 15:3000000 1 5.3 1060000 153 2000001 333000 | FOSCH Bitrate 73,95 Mops
..... )
« Total cell throughput ‘ b -
HH : MILCH threughpes n-:lsthhrgughmﬂ w2
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LTE TDD mMIMO Testing
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Keysight Nemo wireless network testing solutions

Nemo FSR1 Nemo Nemo Nemo Nemo Cuslomer Nemo
Walker Air FSR1 Invex |l Expernience Monitor Autonomous Probe

! J .- '

Network Network Network

Network Rollout Optimization Benchmarking Monitoring

Nemao Cloud

Control & monitoring -

Nemo Xynergy Nemo WindCatcher Nemo Analyze

Post processing and L I
Network analytics >

Drive Geosoalial
Test Inteligence

KEYSIGHT

TECHNOLOGIES



