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3GPP NR Roadmap 5¢

» “Early drop” of Release 15 (Dec 2017) to

2016 2017 2018 2019 2020 2021 2022 support emerging market needs
Release 15 Ny
Craydop [ R iy
i : : oy * Uses 4G Core Network (EPC)
izon' « L. e
Verzon"y - : : 5 * LTE eNB always acts as a master

|
|
IR\ hace 1 deployment NR gNB always acts as a slave

ot
-
5G ______ « Release 15 (aka Phase |, by June 2018)
|

]  First phase of expected deployments in 2020

[ Phase 2 deployment

 5G core network
WI: 5G NR

(Phase 2) * NR Stand-Alone (SA), eLTE Stand Alone and
NSA combinations

 Release 16 (aka Phase Il, by Dec 2019)

Source: 3GPP activity towards IMT-2020 http://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-
2020/Documents/S02-1_3GPP%20IMT-2020.pdf
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3GPP NR Phase 1 summary

_ New Radio Phase-l Rel 15 Verizon Wireless Pre-5G

Frequency Bands
Bandwidth
Maximum CCs

Numerology
(subcarrier spacing)

Waveform

Subcarriers
Subframe length

Slot length

Channel coding

Initial access
MIMO
Duplexing
Use Cases
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Both below 6GHz and above 6GHz from 6GHz to 52.6GHz

* Below 6GHz: 5, 10, 15, 20, 25, 40, 50, 60, 80, 100MHz
» Above 6GHz: 50, 100, 200, 400MHz

16 (allowed BW and CCs combinations TBD)

* Below 6GHz: Data 15k, 30k, 60k & Sync. 15k, 30k
» Above 6GHz: Data 60k, 120k & Sync. 120k, 240k

CP-OFDM for DL
CP-OFDM + DET-s-OFDM for UL

Variable (maximum is 3300 requiring an 4096 FFT)

1 ms (the slot/mini-slot are the scheduling units)

7 or 14 symbols for < 60 kHz
14 symbols for > 60 kHz
Less symbols for a mini-slot

NR Polar Codes (control); NR LDPC (data)

Beamforming with and without DL/UL reciprocity
8 for DL and 4 for UL

FDD, static TDD, dynamic TDD

eMBB, URLLC

28GHz
100 MHz

8

5x15 kHz (75 kHz)
(i.e. 5x LTE)

CP-OFDM for DL and UL

1200 (2048 FFT)
200 ps (this is the scheduling unit)

7 symbols
100 ps

V5G TBCC (control); V5G LDPC (data)

Beamforming with DL/UL reciprocity
2x2

Dynamic TDD

eMBB

2



Solutions at the Pace of Customers

Device Challenges

A DYNAMIC INDUSTRY

* Solve
tough 5G NR design challenges at
sub-6 GHz and mm-wave

NR mmW

. Keep pace Beamforming
with rapidly evolving standards

and market requirements
MIMO

Multi-Channel

 Accelerate
time to market for new 5G devices

Device

Services

* Be ready
for new test requirements and
set-ups

'E 3"

Spanning the Wireless Device Ecosystem

* Profitably monetize
and accelerate ROI
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5G Device End-to-End Solutions

R&D CHALLENGES

Early protocol
development while
keeping up with evolving
5G standards

- Progress stack and gain insights to
optimize performance

- Customize scripts, automate
efficiently, and debug quickly

- Leverage work across workflow
stages, stay current with standards
cost effectively

More RF bands,
wider bandwidths,
and beamforming

Support for sustained
maximum E2E Data
Throughput, meet power
consumption goals

Wideband calibration and
verification - Stress test the device at

maximum EZ2E data

New waveforms, flexible throughput

numerology
- Benchmark battery life

performance for different 5G
use cases

Beamforming & beam
management

More band combination complexity

Sub-6 GHz and mmWave - Conducted and OTA
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Solutions at the Pace of Customers

Beamforming

oot

Services

MIMO

Multi-Channel

Device

e
=

O

Spanning the Wireless Device Ecosystem




5G NE Platform Hardware

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

» Support for 10GbE connectivity
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5G Device End-To-End Solutions

5G Interactive R&D 5G Device Acceptance
e =
=
Protocol RE DVT* Functional Protocol RF/ RRM Carrier
R&D* KPI Conformance Conformance Acceptance

0600 0O0COCOm

Network Emulator

Channel Emulator

mmWave OTA Solutions

Interactive 5G stack Common measurement science,
and tools with common > logging
scripting engine and automation
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5G Protocol R&D Toolset

KEY FEATURES - | |

- Earliest availability of new5G ="t oo oe L" 1 "} ***** e “~ T
features — l

- Replicate desired network behavior , ;
whilst reducing test complexity with o=
Built-in Protocol State Machine and | i E 'S

Dynamic Control Points

- L1/L2 parameter change without
programming

Vv

/EJI

/ % -
4

- Flexible automation and logging

- Results viewer
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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”

- Allows for interactive testing where the behaviour of a
device can be investigated in an easy manner to

Dynamic Control Point ?

General PS Variables  Description

Mame DCP_1

Exit Condition | User_Action - |

| User_Action |

| Exit on Gu;
Attach_Complete

Hour RRC_Connection_Release

-~

. . o} 10 5 30 3
facilitate debugging
| oK Cancel
SCrpt
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 ]00:00.00] N-CellA | [5G DYNAMIC CONTROL POINT [Continue after User Action]
& 00:00.00 5G User Prompt [Start NREGUEDemonstrator.exe]
7 00:05.00 E-Cell A Activate LTE Cell
g 00:00.00 E-Cell& 55 -- M5 RRC Connection Reconfiguration
9 00:00.00 5G User Prompt [Wait, Press Ok to Exit]
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Modify network behaviour easily

5G PROTOCOL R&D TOOLSET

= AI IOW dyn am |C L 1/L2 Genera DL Scheduling UL Scheduling
parameters changes without e
the need for programming Resource Block Allocation

- Very useful in early I 0 N 3 I 0 3 A K I8 0 K 8 B

development testing of
prototypes PDSCH Stmt Sy

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 Transmession
Ofdm Symbol Indax
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5G logging

5G PROTOCOL R&D TOOLSET

o Log Viewer Collect KLV Logs ? -0 X
. Home = View Contral  KPIControl A
Displays all layers of the .
| T XN W -
Open SaveAs Close  Find Results Pre DPA Interleave
rotocol stack
p File Search Tools
(P H Y/ M AC/ R L C/ R R C/ P D C P) Summary  Log Records  KPI View Summary: MasterinformationBlock v
F Overview: Protocol RRC, Version: R15 Jan 2018, Record: BCCH-BCH-Message
. . Index Icon: [ || Protocol Record Source Destination Summary Frame: 4 Fields
F I Ite rl n g aI I OWS th e u S e r to 66360 —+ Developers AP Property Set \Test Control\De E-Cell A->ULFrequency = 1950 4 B:C:;::;:—eMasage
66370 —+ Developers AP Property Set \Test Control\De E-Cell A->ULEarfcn = 18300 dI-Bandwidth: n6
A A 66373 — Developers AP Property Set \Test Control\De E-Cell A->DLFrequency = 2140 4 phich-Config
VI eW th e d ata Of I n te re St 66374 —— Developers AP, Property Set \Test Control\De E-Cell A->DLEarfcn = 300 phich-Duration: normal
66375 —+ Developers AP Property Set \Test Control\De E-Cell A->PhysicallayerCellldentity phich-Resource: oneSixth
IR 66376 —+ Developers AP Property Set \Test Cantrol\De E-Cell A-»PhysicalLayerCellldentity( B LLLRNI
Ad Va n C e d S e arC h faC I | I tl e S 66377 ——— Developers AP, Property Set \Test Control\De E-Cell A->TimingOffset = 0 Khmu&’g{;‘hﬂm_nn-ﬂ& 0
66378 —+ Developers AP, Property Set \Test Control\De E-Cell A->AntennaCount = 1 spare Text Time
66379 —— Developers AP, Property Set \Test Control\De E-Cell A->NumAntennaElements =
an d b O O k m ar kS m a ke 66380 —— Developers AP, Property Set \Test Control\De E-Cell A->AntennaMapping = ANTE Protocols Sources
66381 —+ Developers AP Property Set \Test Control\De E-Cell A->Enabled = YARIANT_TRU
d e b u g g i n g e aS i e r 66382 —+ Developers AP Property Set \Test Control\De E-Cell A->EtwsPrimaryNotificationE 2 Protocol
66383 — Developers AP Property Set \Test Control\De E-Cell A->EtwsSecondaryNotificatio - 3GPP
66389 — RRC BCCH-BCH-Message \Protocal\3GPP\ MasterinformationBlock 4 I
. 66390 —+ Developers AP Property Set \Test Control\De E-Cell A->Macs-»Mac [1]->5ls->MI
U S e r frl e n d Iy aS al I 66393 —— RRC BCCH-DL-SCH-Message  \Protocoh3GPP systeminformationBlockTypel B Y
66394 —— Developers AP, Property Set \Test Control\De E-Cell A->Macs->Mac [1]->Sls- St b/ MAC
H . H 66397 —— RRC BCCH-DL-SCH-Message  \Protocol\3GPP systeminformation 3 RRC
I n fo m a.t I O n n e e d e d I S 66308 —— Developers AP, Property Set \Test Control\De E-Cell A->Macs->Mac [1]->5ls->SI- 4 NRSG
- . . 66401 —+ Developers AP, Method Called \Test Control\De E-Cell A->Signals- > AddNew(Signal B 4 HOST
aV al I ab I e I n O n e VI eW 66403 ——+ Developers AP Method Called \Test Control\De E-Cell A->Signals->AddNew{Signal b o
66405 —+ Developers AP, Method Called \Test Control\De E-Cell A->Signals->AddNew{Signal b e
66407 =——— Developers AP, Method Called ‘\Test Control\De E-Cell A->Signals- > AddNew(Signal Address 00 01 62 63 84 @5 @6 07 B8 B9 BA 0B eC eD OF or
66408 ——+ Developers AP, Method Called \Test Controh\De E-Cell A->PhysicalChannels->AddN T, 1 L 8 |RRE
66409 =—— Developers AP. Method Called \Test Control\De E-Cell A->PhysicalChannels->AddN Uncheck all Load/Save  Original
66410 —+ Developers AP, Method Called \Test Cantrol\De E-Cell A->TransportChannels->Add
RALTT ———  Nevelnners 80 Methad Called \Test Canfralile F_Call -3 TranenndChannele-»Rrh *  Loaded: None

Bookmarks

Log size: 8.3 MB|Recort 223(69872)
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Results viewer

5G R&D PROTOCOL TOOLSET

CUStomised VieW With Home i Control KPI Control
multiple graphs PN

load Save Save Default Clear

- Enhanced debugging as e
relationship between various T T LTI
KPIs such as data rate and ‘“ = _ A3
BLER can easily be seen
graphically

Time (Seconds)

Link from graph to relevant =—
location in the log to sy ..

Pre5G_A\PHY\Downlink\»PDSCH BLER Pre5G_A\PHY\Downlink'\xPDSCH HARQ Ack/Nack

Pre5G_A\PHY\Downlink'\>PDSCH Served Throughput
Mame Min | Max  Average MName i Max  Average Records

Name Min | Max Average | Records

9%BLER (PhyCelllD: 1) 0 4 £ 3 ACK (PhyCellID:
Served (PhyCelllD: 1) 0 .859| 205.554 | 374
%BLER (PhyCellD: 2]

Report generation to share |t

3)

Served (PhyCelllD: 4) 0 510.73

reS u ItS Wlth Ot h e r te am S Served (PhyCelllD:5) 0 | 510.73

Served (PhyCelllD: 6) 0 510.73

o r W b 67
LRI ER (PhaaellD: 71 noni 2 97.674 Markers

Log 9 MB|Record: 519. 6519828)
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5G Device End-To-End Solutions

5G Interactive R&D 5G Device Acceptance
e =
=
Protocol RE DVT* Functional Protocol RF/ RRM Carrier
R&D* KPI Conformance Conformance Acceptance

0600 0O0COCOm

Network Emulator

Channel Emulator

mmWave OTA Solutions

Interactive 5G stack Common measurement science,
and tools with common > logging
scripting engine and automation
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5G RF DVT Toolset

KEY FEATURES

5G NR support

- RF Test Application
- Automation & Scripting
- Pre-conformance ready

Traceability to conformance

KEYSIGHT
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& Keysight Test Automation Platform

File Settings Tools Help
Test Plan 5G_Tests. TapPlan *
+ = 4 PRun M ® Repeat ~
Step Name Verdict Duration
- 3GPP.6.2.2 UE Maxxmum Output Power

(1]

{ v | Wireless Test - S

v SG - RF Parametncs. Sensibwity
v\ 5G - RF Parametncs, Transmit Signal Qualty

| External Test Plan Parameters
File
External Name
Band

DL Channel Bandwid

Log
v Errors O
UL R8 Number

- Transcewer A
VMA 1 VMA2
Custom OFDM 10 Wavedoen

10 Mo Tee 03) v 1 RF Ervelope
Scale/Div 10.00 ¢8

I| | ' |
X 0.000 5
EVMMER 263 Digital IF BW 100.00 MMz
EVMPost

Pt vm
Datat vm

1 Oragh
Scale/Div 10.0 48 Ref Value 20.00 éBm

Video BW 2.4000 Mz
Res DW 260,00 Mz

2 Matcs

Occupeed Bandwdth

Step Type
Wireless Test - 5G \ 3GPP \ 6.2.2 UE Maxamum Output Power

Wireless Test - 5G || RF Parametncs \ Sensitrwvity

Wireless Test - 5G \ RF Parametncs \ Transmit Signal Quality

mum Output Power \
mum Output Power \
num Output Power \

num Output Power \

Ref Valwe 10.00 dBm

' l I
Scale/Div 200.0 ps
Meas Time 2.0000 ms (245761 pts)

Span 100 Mty
Swoep Time 1.67 ms (1001 ps)

*

Total Power

% of OBW Power

SOl ? N




5G NR support

e Sub-6GHz and mmWave

Deployed standalone or with LTE
anchor

Flexible numerology

High directivity phase-array
antennas and beamforming

« OTA test challenges

KEYSIGHT
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1l Power: =50.00 s/ Pre-5G [2] Pre-SG Pre-5G [4] Pre-sG Pre-5G

P 28000.0 M

R F Te st Ap p I i C ati on \ //& T 21000 262000 23000 204000

-50.00 dBm -50.00 dBm -50.00 dBm -50.00 dBm

ON Freq: y 28100.0 y 282000 v 283000 y 28400.0

- Transceiver A

VMA1 < +
Custom OFDM
i KEYSIGHT m'”/c Trig: Free Run Carrier Ref Freq: 27.650000000 GHz
> Coupling.
. ' ' v e e O Ly S , e
Flexible manual testing s e
I-Q Scale/Div 10.81 dB Ref Value 42.15 dBm
* On-a-call UL RF measurements - s
¢ @ v« W a4 » a0
« Common Keysight measurement PEDS DS BT |
science through X-Apps FreGivae |
- Automate test set up Keysight 5G e o5t 0l |
Interactive tools | 3 . |

-3.246 3.246 Start: 0.00 ns

3CCAEmor Summary ¥ 4 CC7 Emor Summary ¥

EVM 366 % 1Q Offset 5814 dB EWM 585 % 1Q Offset -53.39dB
| EVM/Peak 1300% 1Q Qual Emr 001 deg EVM/Peak 1868% 1Q Qual Emr -0.10 deg
Pilot Evm 234 % 1Q Gain Imb -0 0091 dB Pilot Evm 347 % 1Q Gain Imb 00015 dB
Data Evm 379% Data Evm 606 %

Pmbl Evm — Pmbl Evm —

FreqEmor -45401Hz TxPwr(CC4) -4630dBm FreqEmor -45661Hz TxPwr(CC7) -5095dBm
SymCkEmr -009ppm TxPwr(Total) -3835dBm SymCkEmr -005ppm TxPwr(Total) -38.35dBm
CPE 195% CPE 126 %

| Sync Corr 0.9993 Sync Corr 0.9980

KEYSIGHT Cell J Power l PHY LScheduhng lMAC/RLC/PDCP LUE Info {BLERITput -
TECHNOLOGIES

I[:SELected].:PSG:ACTIVE[:STATus]




File Settings Tools Help
Test Plan Untitled *
+ = A PRun MM =»

Automation & Scripting - T

5G RF DVT TOOLSET E:

Repeat ~ | Completed in 48.49 s

Step Type
DR RFT Pre-5G T-0A: Measurement tools for SGTF \ Common \ General Settings Pre-5G

5G T-0A.DUT Attach epass [EDISEEI RFT Pre-5G T-0A: Measurement tools for SGTF \ Connection \ DUT Attach

)-5G T-0A.Beam Switching/MobilityePass [ EESSEI RFT Pre-SG T-0A: Measurement tools for SGTF | Measurements \ RRM Measurements \ seam‘om»ng
}SG T-0A.DUT Detach eoPass [EIEEI RFT Pre-5G T-0A: Measurement tools for SGTF \ Connection \ DUT Detach |
« Automate complete test set up include
device and mmWave OTA
measurements
» Test cases scripting with Keysight
measurement tools or customized test i
steps
Log
Errors 0 Warnings 0 v Information 329 Debug 2553

« Examples

14:53:39.944 RFY Pre- T-8A <Parameterlonfigured>GeneralSettings.Connectors Mode = Split

* |nitial Access

14:53:39.944 RFT Pre-
14:53:39.944 RFT Pre-
14:53:39.944 RFY Pre-

T-8A <ParameterConfigured>RFT Pre-56
T84 <ParaseterConfigured>RFT Pre-56
T-04 <Parameterlonfigured>RFY Pre-56

T-0A.DUT Detach.DUT Switeh OFF/On = False
T-0A.DUT Detach.DUT Switch OFF Delay = @
T-BA.DUT Detach.DUT Power (ycle = False

RELEREEE S

o Beam Management 14:53:39.944 RFT Pre-56 T-8A <ParaseterConfigured>RFT Pre-56 T-8A.DUT Detach.DUT Power OFf Delay = @
14:53:39.946 RFT Pre-56 T-0A <WorkFlow>Waiting 2 seconds for cell activation/ceactivation...

° D I k Ch | d d I 14:53:41.947 RFT Pre-5G T-@4 <WorkFlow>Setting CELL1 OFF.

Own In anne S emo u atlon 14:53:42.097 RFT Pre-56 T-8A <MWorkFlow>Walting 2 seconds for cell activation/deactivation...
. 14:53:44.097 RFT Pre-56 T-0A <Workflow>Checking connection status for CELLL is OFF.

® UE reportlng 14:53:44,105 TesztPlan RET Pre-5G T-@A.0UT Detach completed with verdict “Pass’. (4162 ms)
14:53:44.137 Susmary = = eeccscacces Susmary of run started 92/85/2018 14:52:55 -«-ccccens

° RFT Pre-5G T-@A.General Settings Pre-5G 19992 ms Pass

Total Radiated Power (TRP) 14:53:44.140 Summary

14:53:44,141 Summary
14:53:44,141 Susmary
14:53:44,141 Susmary
14:53:44 141 Summary
14:53:44,141 Susmary
14:53:44,766 Log
14:53:44.766 5G Log
14:53:44,766 OUT BASIC

KEYSIGHT 14:53:44,767 BSE_PSG

TECHNOLOGIES

RFT Pre-5G T-0A.0UT Attach 30559 ms  Pass
RFT Pre-5G T-0A.Beam Switching/Mobility 2691 ms Pass
RFT Pre-56 T-0A.0UT Detach 4162 ms  Pass

TestPlan completed successfully in 48.49 s
Resource “Log" closed. [@ ms]

Resource “5G Log" closzed. [@ ms)

Resource "DUT BASIC™ closec. [0 =s]

Resource “BSE_PSG (TCPIPQ::localhost::hislip2::INSTR)™ closed. [1 ms]

DUTs DUT BASICe  Instruments BSE_PS5Ge RF Chambere Results Loge 5G Loge



Pre-conformance ready

5G RF DVT TOOLSET

* Run test campaigns for pre-
conformance

* Rich environment with sequencer
and test campaign management
features

 Traceabllity to Conformance

 Leading participation in industry
groups defining Radio Conformance
Test (RCT)

« Maximum covering, including support
for out of band measurements.

KEYSIGHT
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5G Device End-To-End Solutions

5G Interactive R&D 5G Device Acceptance
m @
=
Protocol RE DVT* Functional Protocol RF/ RRM Carrier
R&D* KPI Conformance Conformance Acceptance

0600 0O0COCOm

Network Emulator

Channel Emulator

mmWave OTA Solutions

Interactive 5G stack Common measurement science,
and tools with common > logging
scripting engine and automation

KEYSIGHT
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5G Functional KPI

- Easy to use GUI enables complex tests
without the need to define protocol
scripts

- Network configurations optimized to
measure device performance
- Throughput, Battery life, Beam
management

- Flexible automation, including use of
external measurement equipment

- Simple Test case development

- Use results viewer for off line analysis

KEYSIGHT
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5G Device End-To-End Solutions

5G Interactive R&D 5G Device Acceptance
e =
=
Protocol RE DVT* Functional Protocol RF/ RRM Carrier
R&D* KPI Conformance Conformance Acceptance

0600 0O0COCOm

Network Emulator

Channel Emulator

mmWave OTA Solutions

Interactive 5G stack Common measurement science,
and tools with common > logging
scripting engine and automation

KEYSIGHT
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5G Channel Emulation

e e Realistic Test environment in lab

for 5G Device End-To-End testing

 Beam management testing under real world
propagation conditions and 3GPP reference
channel models (TR38.901)

« Beam Acquisition metrics

» Mobility Beam change and Handover
- Data Throuhput, peak, average

* Latency

« Stability

D2D crowded area Day time and night time Indoor office

KEYSIGHT
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5G Channel Emulation Solutions

5G DEVICE END-TO-END SOLUTIONS

5G Channel Modeling Propsim GCM 5G Tools

« Complex modeling science « Channel Modeling Science ready & proven
5G Channel Emulation Propsim 5G Channel Emulation solutions
+ Realtime channel emulation * Realtime very low insertion delay

» Wide Bandwidths 100/200/400MHz

« CA8CC/12CC/16CC

* Network Emulator and Real gNB support (NV-IOT)
« mmW OTA solutions

BW 100/200/400MHz up to 1.2GHz
CAup to 12CC (1.2GHz)

UXM 5G support validated with gNB
Complete mmWave OTA solutions

KEYSIGHT
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5G Channel Emulation

KEY FEATURES

General

* Supported 5G NR Carrier BWs 5...100/200/400MHz. NSA and SA.
* RF range SUB6GHz, HIGH IF 6-12GHz and mmW 24-43.5GHz

* 5G NR Carrier Aggregation schemes 8CC up to 16CC supported

+ MIMO 8x8bi, 16x8bi, 64x8bi etc. MU-MIMO

* Comprehensive 3GPP 5G NR channel modeling (TR38.901) with Propsim 3D Geometric Channel Modeling
Tool (GCM).

5G Device Testing

* UXM 5G based Sub-6 GHz RF cabled and OTA testing in multi probe chamber
* UXM 5G based mmW OTA solutions single probe to 3D multi-probe

» real gNB based solutions for Sub-6 GHz and mmWave OTA (NV-IOT). NSA/SA.

5G gNB Testing

* Sub-6 GHz MIMO, 3D/Massive MIMO up to 64/128TRX. NSA/SA. UEE based and real Device-lIOT solutions.

« mmWave Hybrid Beamforming OTA testing. Multiprobe chamber configurations. UEE based and real Device-
IOT solutions.

KEYSIGHT
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5G Device End-To-End Solutions

5G Interactive R&D 5G Device Acceptance
e =
=
Protocol RE DVT* Functional Protocol RF/ RRM Carrier
R&D* KPI Conformance Conformance Acceptance

0600 0O0COCOm

Network Emulator

Channel Emulator

mmWave OTA Solutions

Interactive 5G stack Common measurement science,
and tools with common > logging
scripting engine and automation

KEYSIGHT

TECHNOLOGIES



mmWave OTA Solutions

5G DEVICE END-TO-END SOLUTIONS

RMTC CATR 3D MPAC

KEYSIGHT
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What are your mm-Wave OTA testing needs?

5G DEVICE END-END SOLUTIONS

RE/Antenna ProtogoI/Fur!ctlonal Beamforming with Mobility and
Single Link Clean channel Performance

®000000CO0m

CATR 3D MPAC
RMTC 2D MPAC

KEYSIGHT
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Solution Summary — mmWave OTA

5G DEVICE END-TO-END SOLUTIONS

5G NES

Middleware

Custom
Test Executive

Test Plan OTA_System_ Skynet_TRP. Taphan *

+ = <4 PRun M = Repeat ~| Completed in 28.249 s
Step Name Verdict  Duration

RF CHAMBER. Sweep Configure

RF CHAMBER Sweep Begin

WAIT

RF CHAMBER. WaitPositionerMoving

RF CHAMBER. Current Position

MEASURE

CWPowersG

Repeat Next Step

RF CHAMBER Sweep Step

WALT

RF CHAMBER. WaitPositionerMoving

RF CHAMBER Current Position

MEASURE

CWhowerSG

RF CHAMBER. IsLastStep

TRP PostProcessingStep

L A A N A S S S S S

lastrument

Generate Result

Set Verdict on Fal

-~ Sweep Configuration
Control Coordnate

Sweep Type

Dut P Start

Dut PN Stop

Dut Phi Step Size

Dut Theta Start

Out Thets Stop

Dut Theta Step Size

Dwell Time
GenerateHardwareTriggers
Reset Positioner Alter Sweep
- Sweep Mode

Continuous Sweep

RFChamber (TCPIPO: :locaihost: hislp200: INSTR)
v

Fail

Out
ThetaForEachPt
X
90
15
X
90

o -

is

® 6 0000O0CO0m

Network Emulator

Channel Emulator

mm-wave OTA Solutions

B TAP Results Viewer
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