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Keysight’s Breadth
and Depth Supports
Your Innovations

(éﬁ] Agilent  AA*KEYSIGHT

1As per company estimate 2Includes indirect channel 3As of fiscal year end “As per external sources

5Sites with >50 R&D engineers
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Key Statistics

$5.4B 2 000+

2022 Revenue Patents

100+ ~14.3K

Countries Served Employees



Keysight Different Solution Abstraction Levels

Solution Level:higher confidence, shorter dev. time, less risk
< >

\\\\ﬁw \\ \\\\ : Keysight Custom

\\\\\\\\\\\\\ \\ \\‘ I & Turnkey Solution
% \ | Keysight Application Solutlo:n
e

I HW & SW Components ‘s
I Consulting services

Modular and scalable architectures
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Keysight solution approach

TOOLS THAT SUPPORT THE ENTIRE LIFECYCLE OR WORKFLOW

Mission Simulation
preparation J & Design |

Prototype
& Test
(V&V)

Operate ﬁ Production |}
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KEYSIGHT

Latest signal analysis trends in
Aerospace & Defense



Defense applications and Key challenges

Tactical Networks & Electronic Warfare Radars Systems On-board
Communications EM Environment and Antennas Equipment
» Defense modernisation * ELINT/ ECM / COMINT « Onboard, Ground * Avionics, Navaids

« C4 Command & Control « EMSO / SIGMON « AESA Techno * GNSS, MMR...



EXata Network Modeling
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Tactical Mobile ad-hoc networks «MANET» Test

Keysight Virtual battlefield Emulation in laboratory based on Channel Emulation Solution - PROPSIM

« Channel modeling tools with accurate signal fading
processing (time, phase, and amplitude)

Synchronisation and broadcast
signals (beam sweeping)

S N R — - Advanced and intuitive geometric channel modeling
. > N ' GCM tool to create mobile network dynamic topology

* Dynamic scenarios and advanced modeling of an entire
operational environment, including multi-link and multi-
antenna configurations.

= | 0080
| 2088

 Terrestrial, Airborne (with High velocity) and Long-range
emulation for SATCOM

Exemple:

 Test up to 64 Radios and supporting frequency hopping
scenarios.

3D Massive
MIMO Testing

Massive MIMO = —
Base Station PROPSIM F64 Mobile

Channel Emulator Devices

» Wide testing capacities...

Key Benefits:
« Scalable Multi-Radio Network Emulation
« Duplicate realistic field conditions in an accurate and repeatable manner.
* Address end-to-end performance and interoperability testing of mobile



Aerospace channel emulation option 2

JAN A s s we

+ Jumnbojet: -

«  Constant speed 0.5Mach -—" : f,.!

» Flight path 6003m Fath Distance _ m
+ Jet: = Zkm == -

«  Constant speed 1.5Mach
«  Flight path 18008m

-
—
-
-
-
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* RF range 3-6000MHz, 6-12GHz (CIU). 24/30/44GHz (RRH)
* Delay spread up to >1000ms

Aerospace Emulation option Key Technical
Aerospace & Defense Model creation for specifications with PROPSIM FS16
realistic environmental modelling
: - BW 125MHz (016), EXT BW up to 1GHz (EX5)

5150 /
& S L s .

* AGI Inc STK plugin reference implementation

Fully connectad MANET network:
-avary radio can hear every radio
-4x4 Full mesh = & bldirectlonal 12 unldirectienal links



Background: typical requirements
Wideband signal record and playback

* Wide frequency range

« Wide acquisition and
playback bandwidth

Operational Environment

_ Background Environment
* Recording length, storage

* Fidelity

Record Background Operational Environment

RF Recorder
?

; Analysis

and Player Test Environment

Playback of Background
or Off-Air Signals

A\ KEYSIGHT 10



Simple Use/Demo Scenario
Wideband record and playback at RF

* Record off-air signals in different scenarios to an 1/Q file

* Replay files as a repeatable test environment

((( ))) Test Environment

A\ KEYSIGHT



What is your
workflow?

Post process: visualization, search,
classification, and analysis:

: ; Pathwave VSA (Layer 1)

oy WaveJudge (Layer 1,2,3)
MATLAB, Python..

>

Playback

Real time
processes

System
Under Test

O

VITA 49
Record

IQ stream

VITA 49

IQ stream

Record

RF stream

System

Under Test

RF stream

A\ KEYSIGHT 12



S7980A Series Model # Frequency range
S7980A-020 26.5 GHz record, 20 GHz playback

S7980A-044 44 GHz record and playback

Wideband streaming record and playback

« System fully integrated with cables, software

« N6880ARO01, N6880AP01 RPM software record and —

. GPS antenna
playback licenses
Chamber or open-air test site

 FieldFox B (26.5 GHz or 44 GHz) i RF antenna
* M9019A PXI chassis " ol

« M9037A embedded PC
« M9203A ADC module

« M9383A Vector signal generator module
(20 GHz or 44 GHz model)

* PXI Precision time (GPS) module
« PXI storage module

GRF antenna

* Record in the field, playback in the lab. RF cable

A\ KEYSIGHT



Wideband streaming solutions — X-series analyzers 80601200C VSA SW
N9042B — highest quality recording system from Keysight T = —

ODI interface

Storage cards

N9042B UXA Signal Analyzer, 2 Hz to 50 GHz | Keysight = | ==
N9032B PXA Signal Analyzer, 2 Hz to 55 GHz | Keysight e T—
=0 1 | | || I

A\ KEYSIGHT


https://www.keysight.com/us/en/product/N9042B/uxa-signal-analyzer-2-hz-50-ghz.html
https://www.keysight.com/us/en/product/N9032B/pxa-signal-analyzer-2-hz-55-ghz.html

N6880AR02 RPM software

Configuration and control of solution

Manage recordings

A\ KEYSIGHT

.w KEYSIGHT N6880A Record and Playback Manager - C:\Users\joseb

File Help

Record \

Initiate recording

Recorder Configuration Recording Control
Channel Center Frequency Bandwidth .
Disconnect
1 10000 MHz
Recording Notes Arm
@ Record

@ Recording 2 Finished

@ Hardware assets connected
Recorder is not armed

Click Record to start recording

channel 1 Recording settings (show ore) Configure recording

Recording Length
00:00:05.0

Receiver (XsaReceiver) &

Center Frequency

10000 MHz ) RF Input
RfinputChannel1
Bandwidth (MHz)
2000 MHz ~

Project Recordings

External Recordings

\Documents\Keysight\Record and Playback Manager\demo

Channel 1

Center 10 GHz

\

Lc ¢ Refresh
Start Time . Center Freq  Bandwidth L
Name uTe) Recording Length (MHZ) (MHz) Recording File Notes
Recording 2 | 2023/03/21 22:02:20 | 00:00:05.000000 | 10000 | 2000 | v | 2
Recording 1 | 2023/03/21 21:58:11 | 00:00:05.000000 | 10000 | 2000 | v | )

Real time full bandwidth spectrum
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Non-Terrestrial Network

Application Domain & Environment

Optical Inter- 4
Satellite Link

GEO/
GSO Orbit

&

Optical Inter-Satellite Link

MEO Orbit o —

87

Satellite User Terminal Link

Feeder Link

e

A

Downlink

jeams TN-NTN

\\\
Handovers &

‘ /
Gateway

NTN gNB

LEO Orbit “
NB [oT-NTN

Upli/r:/
Bea Device
5G NR-NTN

Device
~8 O
-

S
P —

5G Core
Network

\ Data
J Network

N

Service Link

Unmodified
Smart Phone

Proprietary
Terminal




3GPP NR NTN Technology Architecture
High level 3GPP definition for Rel-17 NR NTN

» Focused on already authorized bands for
terrestrial and non-terrestrial

» Rel-17 is focused on 1.5GHz and 2.1GHz bands (S
and L bands)

« Ka / Ku bands are being investigated in later 3GPP
releases (>10 GHz)

« GEO and LEO orbiting scenarios
« UEs with GNSS capabilities are assumed

A\ KEYSIGHT

Deployment Scenario 1

Gateway

4 e

UE
=Y oo

5G CN



Rel-17 NR NTN Network Architecture

Transparent Payload
NR signals generated from gNBs located on ground

Transparent
Payload Over frequency f,

Gateway

User plane
<>

Public
Data
Network

Control plane

[ ]
« Satellite equivalent to a RF Remote Unit
« Transparent to the NR protocols
UE Satellite Ga'::":ay SGC: UPF
PDU { b i’"_.‘} PDU
i ! i 1 gNB :
SDAP |-+ i E : ; i SDAP | GTP-U |«
PDCP i E : i pocP | upp uDP
RIC fo-t-i-t : E : RC | P |- i
MAcl—'i Ei i MAC | L2 |
PHY ; —y | PHY L1 |« L1
= =
NR-UU NR-US NG-U
UE Satellite NTN 5GC: AMF
teway
Nas el ! ‘} " - NAS
: )il i NB
RRC : - - RRcg NGAP NGAP
[P0 ot [Pow [sem s |
RLC | i : i RC | 1P P
MAC ' i } : MAC L2
b L a
L= ES
NR-Uu NR-Uu
AN KEYSIGHT

How do you account for the doppler and delay through the satellite link?




5G Network and NTN Test

SOLUTION DESCRIPTION & ADDED VALUE

Emulate & Analyse Rel-17 Non-Terrestrial 5G

Complete Emulator portfolio for 5G NTN UE and Network development

Service Link Feeder Link

T L (@)
UE /’/“/' f \(A)

gNB

UeSIM PROPSIM UXM 5G

UE Emulator Channel Emulator Network Emulator : :
NETEE M9484C VXG Vector Signal Generator | Keysight
gNB testing g testing UE testing

PROPSIM Platforms | Keysight

o« E7515B UXM 5G Wireless Test

WaveJudge Platform | KeVSiq ht

Wireless Analyze .

AN KEYSIGHT


https://www.keysight.com/us/en/products/channel-emulators/propsim-platforms.html
https://www.keysight.com/us/en/product/E7515B/uxm-5g-wireless-test-platform.html
https://www.keysight.com/us/en/product/E7515B/uxm-5g-wireless-test-platform.html
https://www.keysight.com/us/en/product/M9484C/m9484c-vxg-vector-signal-generator.html

KEYSIGHT

Electromagnetic Spectrum
Operations



Why Geo-Location? - Trends in RF Technology

Customer’s Challenge:

Quickly detect and locate non-cooperative modern signals which
may be intermittent, be of short duration, spread spectrum, have
low power and/or low energy.

Transmiter Power

22



AOA (Angle-Of-Arrival) vs TDOA (Time-Difference-Of-Arrival)

Synchronized Receivers using
Coherent Detection

Traditional Monitoring Stations
using Non-Coherent Detection




« Computes time
difference of signal

 Calculates location
based on timing and
spectrum comparisons
(cross-correlation)

« Signal location based
on where cross-
correlation is maximum

« Time synchronization is
key (< 20 ns)

» Accuracy not solely
dependent on receiver
location

TDOA with 3 Recelvers
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Coherent Signal Detection using Cross-Correlations

An LTE signal is visible in
the sensor 5 spectrum,
but not in the spectrums
for sensors 2 and 4.

818,900,000 919,000,000 819,100,000
Hz

Even without a visible

signal in the spectrums
for sensors 2 and 4, the
cross-correlation
between data from
these two sensors
produces a clear

. 818,900,000 919,000,000 819,100,000
correlation peak. Hz

Sensor Sensor2

175 150 125 .00 7S5 50 25 0 25 S0 75 100 125 150 175
uSec

Caorrelation Sensor2|Sensord

dBm

With the LTE signal
clearly visible in the
spectrum for sensor 5,
it’s expected that the
sensor 2-5 cross
correlation would have a

-176 160 126 100 76 50 26 0 25 &0 78 100 126 160 176

usec

918,900,000 919,000,000 919,100,000

Stronger pea k, Hz Correlation Sensor2|Sensord

Even with two usable cross-correlations, signal can be located




Detection Probability varies with Signhal Frequency & Bandwidth

Noise Power Increases, Signal PSD
Decreases with Bandwidth

Frequency: 400 MHz 3 GHz — 3 GHz
Bandwidth: 20 kHz ‘

26



Proximity Gain

Signal Strength Increases with Decreasing Distance

S~——__

Free-space

d

4N

Proximity
Gain

Power

| 20log(d)
) J

35log(d)

Dense Urban

T

w

In urban environments
proximity gain might
typically provide 10dB of

gain for a 50% reduction
in distance

|

L

|

&

Distance

27



Effect of Signal Bandwidth

* Wider signal bandwidth results in narrower
tentagram and lower CEP (circular error
probability)

28



Manual DF - AoOA
E«‘I‘ «

:

-

L&)

Keysight Technologies: N9918E, SN MYE1263081
[EMF &nalyzer] Yer. 21.07.12.01 4 49% {100 Wed, 24 Jan 2024 10:52:36 AM
GPS 450 15' 18.055" M 57 51' 12.594" E Elevation: 364.3 Meters  Locked, Ant: OK

Sl | Ref -26.00 dBm #atten O db '

e v e e s SO SSSSSSSY SSSSSPS WASSRSSH BRSSP SUSSRSOSS SO

[y
=
L}

[

Span 120.0000 MHz
Swp 23,00 m=s {401 pt=)

- Center 80.00000 MHz
#Res BW 30,0 kHz

LgAw
- 2 "/ hohData
L file Ch
- _J*'pré*s-l
| o # Fioges Results
< Salek i Tirme (LUTC) 09:52:36 AM
= gl Latitude () 45, 2550151
[ 75 j"’ Longitude (=) 5. 8535260
RS “» ¢ Brignoud altitude {m) 364
L] 24 f
[ - f ‘Laval-er. §Antenna-Markh (1] -
S Saint-Ismier F f Azirnuth Ank-r () | 338.0
'f Elevation () -
- !
S .;;: i villard-Bonnot Center Freq (MHz)| S60.000
o’ Vatrcey Sainte-Ag | Bandwidth (MHz) | 6,000
; ' Live Power (dBm) [ -20.5
P,'mmbt:mm' 25 p 12 QpenstreetMaph 115, Power (dBm) [ -60.2

85574A Handheld Direction Finding Antenna | Keysight



https://www.keysight.com/us/en/assets/3123-1913/data-sheets/85574A-Handheld-Direction-Finding-Antenna.pdf

Keysight Spectrum Management Software (KSMS) at a Glance

« Signal monitoring

Signal verification

« Spectrum occupancy report

« DF: TDOA

* DF: RSS

* Hybrid DF to combine TDOA and RSS
« Spectrum recording and playback

* Remote control FieldFox

* Mapping

* PostgresSQL support

* Interface with Keysight VSA software, Wavejudge and other
third-party software




Spectrum monitoring

« Monitor multiple receivers at same time

« Spectrum trace from each receiver can be in single window, stack and overlay

Multi- receiver stack mode display Spectrum overlay Single receiver spectrum



Spectrograms

Single receiver spectrogram Multi-receiver spectrogram Cross domain spectrogram

- Top: spectrogram

- Middle: spectrum trace at
marker or current record

- Bottom: time domain display
at marker frequency



Mobile spectrum management with Keysight FieldFox

7 X 2 .

s - Signal

g +— Stagecoach Road %r m O n |t0 rl n g

£ e Spectrum

s 7 3 ¢ occupancy
Park ; y % P%O'SZP/D,’ report

« DF: TDOA
Fea® NG918A - 10026 # .

s — * Hybrid DF to
& \ combine TDOA

7 W and RSS
° N9917B_10053
- ) : P4 (6'64,
T ——

i v % ° Spectrum
A recording and

playback

* PostgresSQL
support

prookdale Dry,,

KSMS Software Keysight Spectrum Management Software



https://www.keysight.com/us/en/products/software/application-sw/fieldfox-handheld-analyzer-software/ksms-software.html
https://www.keysight.com/us/en/assets/3123-1116/technical-overviews/Keysight-Spectrum-Management-Software.pdf

Pulse Generator (Option-357) all B & C Models

[ T

Use knob. Press [Edit] to make changes. Press [Done] to exit.

Enzbled Idkx:

Pulse Freq Power Pulse Blankin Play
Off nt

L Tu
Pulse Generator

Cw

Amplitude

-30.00 dem
-96.88 dBm *

FM Modulstion Wavefarm [Sine]

;1,000 kHz

0 dern

Freq Deviation

12.50 kHz

Frequency

Output power
Pulse width
Modulation

Pulse sequence

FieldFox

30 KHz to 54GHz
(model dependent)

Calibrated with SA
> =1us

Pulse, chirp,
triangle, FM and AM

From keypad,
stored for recall

B & C Models



FieldFox C model Series: NEW

3 KHz to 4GHz, 6.5 GHz or 10 GHz

Key Specifications:

* Frequency range: 3 KHz to 10 GHz (N9913/14/15C, N9933/34/35C)
« Accuracy: £0.01 ppm (frequency), 1 dB (<4.5 GHz) (Absolute amplitude accuracy) -10 to +55°C

« Sweep time (zero span): 1 ps to 6000 s.
* Analysis bandwidth: <120 MHz
 DANL: -140 dBm (2.6 to 4.5 GHz), -158 dBm (Preamp On) -10 to +55°C

Key Features:

» Over 25+ license key options: upgradeable in the field, anywhere, anytime

» FFT-based Spectrum Analyzer for Real-time signal capture and analysis

« BASEBAND mode (DANL: -160 dBm, 20 KHz to 6.5 MHz)

« Zero warm-up time (InstAlign technology)

* MIL PRF-28800F Class 2, IP53 rated, MIL-STD-810G for explosive environments
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Phased-Array Antenna
Measurements



Antenna Measurements

AESA Measurements

— Measuring all antenna patterns of an AESA is extremely time consuming

© scan angel: £+45°

® scan angle: +45°

24 test ports

2 polarizations

21 frequency points

8281 ‘beam’ positions per port,
polarization, & frequency

8281 x 24 x 2 x 21 = ~8.3 million antenna patterns!

All AESA antenna developers utilize
near-field measurement techniques
to measure their antenna patterns

24 test ports for the 24 subarrays

37
37



Phased Array Calibration and Characterization: CATR vs. Planar Near Field

RF cable to vector network analyzer . Coax to waveguide transition

AAA  «—RF Absorber
Open ended waveguide

probe antenna ————> AESA array antenna

(@)
~00000

Array Element ‘

Phase Shifter

@)
Amplifier O
O
0000Q0

IFower Divider
RF cable to vector network analyzer

Conventional Near Field Probe-Scanning Method: F9650A Compact Antenna Test Range (CATR) | Keysight

Individual radiating elements
(total of 1200)



https://www.keysight.com/us/en/product/F9650A/compact-antenna-test-range-catr.html

Over-the-Air Antenna Test

Keysight’s CATR portfolio is optimized to provide accurate over-the-air (OTA) measurements.

-

Compact
Antenna
Test
Range

F9650A

— _
IIII

Positioner

A\ KEYSIGHT

u_‘

'_,-

Main probe

Main reflector

Feed horn assembly

Overview
» OTA testing of connector-less devices with patch antenna arrays

« Supports test requirements across Protocol, RF, Functional and
Performance tests

« Easy to use positioner control software allowing fast alignment
» Advanced calibration method
« Supporting beamforming and multiple Angles of Arrival (A0A)

« Scalable Keysight Test Automation Platform (TAP) for Hardware
instrumentations interface

Key Benefits:
* No intrusive and accurate measurement
* Proven and mature solution
« Scalable architecture
* Maintenance and Support Services
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Thanks for your Time!
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