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Agenda

Generating Signals
« Continuous Wave (CW)
« Sweep Signal
« Analog Modulation
« Digital Modulation

Signal Generator Architecture

Basic Applications

Applications in Modern Wireless Communications
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Generating Signals — No Modulation

Frequency

Time

Voltage
Voltage

Spectrum Analyzer

Oscilloscope

The sine wave is the basic, non-modulated signal: It is useful for
stimulus/response testing of linear components and for Local Oscillator
substitution. Available frequencies range from low RF to Millimeter.

—

Microwave | Millimeter |
| |

20-70 GHz 300 GHz

RF

6 GHz

° NeulHelium
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CW Source Specifications

Amplitude Parameters

« Range

(-136dBm to +13dBm)
« Accuracy (+/- 0.5dB)
« Resolution (0.02dB)
« Switching Speed (15ms)

e Reverse Power Protection

Power
Options 501-504

With Option UNB Option 506

250 kHz to 250 MHz  +11 to ~136 dBm
> 2560 MHzto 1 GHz +13 to —136 dBm

+15t0 136 dBm
+17 to —136 dBm

+12to 136 dBm
+14 to 136 dBm

> 1103 GHz +10t0o-136 dBm +16t0 136 dBm  +13 to —136 dBm
> 3to 4 GHz +7t0-136 dBm  +13t0-136 dBm +10t0o-136 dBm
>4 1o 6 GHz N/A N/A +10 to 136 dBm

Level accuracy [dB]
Options 501-504 -2

Power level
+/to <-blto <-110to <-127dBm
-50dBm 110 dBm -127 dBm
250 kHz to 2.0 GHz 05 105 +0.7 (+1.5)
2.0to 3 GHz $0.6 0.6 +0.8 (+2.5)
3to4 GHz 0.7 +0.7 +0.9 (+2.5)

DUT

”14

° NeulHelium
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N

The maximum output

Power

The accuracy of
signal level

4
T

‘ T Power

Voltage

The minimum output




CW Source Specifications

Range: Range of frequencies covered by the source
Resolution: Smallest frequency increment.

Accuracy: How accurately can the source frequency be
set.

Frequency change speed: How fast the frequency

change

—-l |-—Uncertainty

Voltage

Frequency

° NeulHelium

= = W E
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Frequency range

Option !
501 250 kHz to 1 GHz
502 250 kHz to 2 GHz
503 250 kHz to 3 GHz
504 250 kHz to 4 GHz
506 250 kHz to 6 GHz [requires Option UNJ]
Frequency minimum 100 kHz ?
Standard High Stability (1E5)
Aging Rate <t+lppm/yr. <£0.1ppm/yr.
Temperature (0-55deg C) | <+1ppm, typical <+0.005ppm, typical
Line Voltage <40.1ppm(+5%,-10%), <+0.002ppm(+5%6,-10%),
typical typical
Accuracy = + fcw 1 aging *1 cal
fcw = CW frequency = 1 GHz
T aging = aging rate = 0.1ppm/year
T cal = time since last calibrated = 1 year




		

		Standard

		High Stability (1E5)



		Aging Rate

		<(1ppm/yr.

		<(0.1ppm/yr.



		Temperature (0-55deg C)

		<(1ppm, typical

		<(0.005ppm, typical



		Line Voltage

		<(0.1ppm(+5%,-10%), typical

		<(0.002ppm(+5%,-10%), typical






CW Source SpeciXations
Spectral Purity

« Phase Noise
e« Residual FM
« Spurious harmonic spur

/ CW output ~30dBc

Residual FM is the integratedt : :
phase noise over 300 Hz - 3 :
kHz BW phase : non-harmonic spur

noise | ~65dBc,

sub-harmonics

2fo 3fo

° I\IEl_lI—IELi‘Qm
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CW Source Specifications

Spectral Purity: Phase Noise——Basic Concepts

Idea signal Real world signal

A/\'V“) nya

° I\IEl_lI—IELi‘ym
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CW Source Specifications

measured as

dBc/Hz

I
L

CW output

frequency

Power Spectral Density

87dBc/Hz

™
N5182B 5 abe AN

-87dBc/Hz @10Hz offset N _
-93dBc/Hz @ 100Hz offset N[ A Marke

-123dBc/Hz @1KHz offset \Q\

-141dBc/Hz @10kHz offset

100000z IK 10K 100K

° NeulHelium
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CW Source Specifications
Spectral Purity:Residual FM

Small Angle Criteria
HP ES500 Cawier: 780E+6 H= 06 Apx 1998 14:55:30 - 14:56:43
e e A e e e A e

Residual FM =
Total rms frequency deviation within a specified bandwidth

® B [Hz]
Residual FM = . f2Se(df  _ . S.(f)df

° I\IEl_lI—IELiym
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CW Source Specifications
Spectral Purity:Phase Jitter

Small Angle Cntena
HP E5500 Carrier: 7S0E+& Hz D& Apr 1998 14:55:30 - 14:56:43

S«(9)

['::?]f

—ITG._ i i Las

B
Phase Jitter = \// S (f) [rad]
A

B
: - 360
Phase Jitter = T \/[A Ss (f)

Relative to
1 radrms

[degrees]

I\IEl_lI—IELlum
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CW Source Specifications
Frequency Synthetic Technology

B
N

° NELI|—|E|.T%IFH
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CW Source Specifications

Direct Frequency Synthesis

e e SRR R R

-

— »| <3 1-5MI&§ »21.5MHz L AR
2MH5<§' > 22 OMHz BRI 7S ?ﬁslitﬁ#
— 6™ H A AT DA [+
2MH£®——»23_51\/[HZ I, S AR
1] f%0.5MHz
M) +——» 24.0MHz ~ Eﬁ'fﬂj%ﬁﬁﬁ 3 SV
72 PERL

1.5MHz é 25 S\ — ?Fﬁﬁ Hj (ERERNE S,
VA

° I\IEl_lI—IELi‘Qm
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CW Source Specifications

N=100
\
Front
panel
5MHz . Icontrol
| Itipl
2 | | - 500 MHz melfibler 666 MHz
nges;m ¢ D——@ X2 \—P to output section
f1 Loop filter VvCO
fout
from reference section f ];""f f2
5MHz Jor =NX [ resolutzon = Jror

NeulHelium
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CW Source Specifications

Phase information
Magnitude information

waveform output

q N bit Phase oM DAC I—>

accumulator

Clock signal f(f) — ACOS(27Zﬂ + Q)O) = A COS((/)(f))

° I\IEl_lI—IELiElm
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CW Source Specifications

S R T EEEA R R E AT
HEHREAR |mgn (S | AEREER | HHEXER |« 3%R
B, N FEIRY - MRS
) - R RS
Rl BN B A YAHER %mﬁﬁgﬁ@ IHEREEN | BT REASTR
FE 57 18 75 8 bR
CESiEymE | w
VIR E B AT gﬁzmﬁgg
v RiE FR
HERTHZRS | BraBiER: | vEENHES | SHlsxnE | AREERS
57 DAC P22 ER
v i oS 2 S bR

v BRI &
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Agenda——Signal Generator

5 Generatlng Signals
Continuous Wave (CW)
« Sweep Signal
« Analog Modulation
« Digital Modulation

= Signal Generator Architecture
= Basic Applications
= Applications in Modern Wireless Communications
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Sweep Source Specifications

— Step Sweep
» Accuracy
e number of points

« switchingtime

— List Sweep
XAccuracy
Xbwitching time
Xdwell time

° NeulHelium
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Sweep Source Specifications

Amplitude
— Frequency Sweep 4 /levelaccuracy spec
« Level Accuracy
« Flatness 2
=2 flatness spec
« Source Match (SWR)
>
f1 f2
frequency
4
— Power Sweep P
« Power Sweep Range
. power sweep range
« Power Slope Range ¢
O
« Source Match (SWR) =
P1

° I\IEl_lI—IEL’igm

= 2= AN T BE




Sweep Source Specifications
Applications & Critical Specifications

— Frequency Response

« Level Accuracy

Output Power (Level)

Flatness

Speed
residual FM

— Amplifier Compression

« Power Range

° I\IeuI—ELiL_lm
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Output 1dB compression point

Power Out

// 1dB
................................................ Ao ¥ COMPIESSION

point

Input 1dB comé)ression point

Power In




Agenda——Signal Generator

Generatlng Signals

Continuous Wave (CW)
« Sweep Signal
« Analog Modulation
« Digital Modulation

Signal Generator Architecture
Basic Applications

Applications in Modern Wireless Communications
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Generating Signals - Modulation
Where The Info is?

V(t) = A(t) cos[2m f(t) + D(t)]

AM, Pulse FN/ PM

'& NeulHelium
# = ZE AN ES BE




Generating Signals - Modulation
What Can Be Changed?

Both Change

° I\IEl_lI—IEL’iym
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Generating Signals - Analog Modulation
Amplitude Modulation

Carrier 7y

D

) Modulation
depth %, dB

Important Characteristics

for Amplitude Modulation

o ;-;1A“" Y
'_*03 “w Time « Modulation frequency (rate)-rate the modulating
= signal varies the amplitude of the Carrier

Modulation o Depth of modulation (Mod Index) — ratio of the

frequency peak of Modulating signal to the carrier signal
amplitude Vpeak mod / Vcarrier
o Distortion %

Where are AM signals used?

« AM Radio
o Antenna scan
o ASK (early digital 100101)

° NeulHelium

= 2= AN T BE

NN




Generating Signals — Analog Modulation

Frequency Modulation

V(t) = A cos[2mf_t + Bsin2mF  t]

B is the modulation index, where 3 Important Characteristics
= AFdev /Fm for Frequency Modulation

« Frequency Deviation (AFdev)-Amplitude of
Modulating signal determines how far in Frequency the
carrier signal will shift

« Modulation Frequency (Fm)-Determines how quickly

n carrier will shift from one frequency to another
Accuracy
Resolution
Distortion (%)
\/ J \/ T Sensitivity (dev/volt)

Voltage

° I\IEl_lI—IELi‘Qm
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Generating Signals — Analog Modulation

° NeulHeli

Phase Modulation

L
IR

V(t) = A cos[2nf t + B2mF, t]
Where  =AB, the peak phase deviation

Voltage

urm

= 2= AN T BE

Lo Y g

Important Characteristics

for Phase Modulation

« Phase deviation (AB)-amplitude of
modulating signal determines the amount

of phase deviation.

« Modulation Rate (Fm)- determines how
quickly carrier will shift from one phase to
another.

o Accuracy

Where are Phase Modulated signals used?

o PSK (early digital 1010)
« Radar (pulse coding)




Generating Signals — Analog Modulation

Pulse Repetition
Interval (PRI)

Rise time
T —

—>

8l  On/Off ratio

Voltage

: Time —>

Pulse Width

Where are Pulse Modulated signals used?

e« Radar
« High Power Stimulus/Response
« Communications

° NeulHelium
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Important Characteristics

for Pulse Modulation

Pulse width (t)

. PRF (1/T)
« Dutycycle (t/T)
« On/Offratio (dB)
« Risetime (ns)
2 [t=>

1/T 1/t
§
2l ailinall |||..|I|I|I Ih”l""l

Frequency —»




Agenda = Signal Generator

Generatlng Signals

Continuous Wave (CW)
« Sweep Signal
« Analog Modulation
 Digital Modulation

Signal Generator Architecture
Basic Applications

Applications in Modern Wireless Communications
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Generating Signals - Digital Modulation

From Bits to Modulated Signal

Now we are going to show how information is transmitted by
digital modulation.

Our example is a QPSK transmitter.

'

111001011010...

| \'i"‘-‘! Sl !'| |
N A W
i I

L LW
‘NH!'\_@‘.

° NeuHEmJﬁ
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Generating Signals - Digital Modulation

QPSK Constellation Diagram

10 1"

'_é NeulHelium
# = ZE AN ES BE




Generating Signals - Digital Modulation

Serial Bit Stream

Suppose these are the bits we want to send:
0110110001...
So we group them into 2-bit symbols:

01 10 11 00 01

° I\IEl_lI—IELi‘ym
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Generating Signals - Digital Modulation

| and Q voltages represent 011011 0001. ..

L 01
-1 __\ — e o L— —
+1
o 1
S P I 10

° I\IEl_lI—IELiym
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Generating Signals - Digital Modulation

I-Q Modulator

/2 Carrier CZ ) | H

‘é NeulHelium
R 2= E AN ES BE
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Generating Signals - Digital Modulation

Low pass filters are added at inputs

|;—>j— —_— ..

° I\IEl_lI—IELiym
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Generating Signals - Digital Modulation

Error Vector

Test Signal

¥+ —— Ideal (Reference) Signal

° I\IEl_lI—IELiym
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Agenda = Signal Generator

. Generatlng Signals

Continuous Wave (CW)
« Sweep Signal
« Analog Modulation
« Digital Modulation

= Signal Generator Architecture
= Basic Applications
= Applications in Modern Wireless Communications
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CW Signals — Block Diagram

Synthesizer Section

Output Section

\ 4

-

Phase f

Detector
~

divide
by X

Reference
Oscillator

Reference Section

° NeulHelium
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Frac-N |
ALC Output
Modulator Attenuator
VCO ‘ §

ALC ’l |
Driver

Broadband

Noise Floor

ALC Detector

ALC = automatic level control




ALC Output
Modulator Attenuator

VCO
@ Pulse
— — Mod > —
‘ VW od. —
A VWV
Freq. ALC
Control ¢ ) le
Driver
A
A
—e FM, PM input —e® AM input —e  pujse Mod input
LF Generator
<
®_) FM AM Pulse
Reference Source | [Source [ Source
Oscillator

* NeulHelium
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Synthesizer

I-Q Modulator

—{ 90

@ VCO
e |

Control

T
S

Reference

NeulHelium

M= 3= AN T BE

)

Output

>

L

ALC

Driver

—

—

Baseband G

VW

DAC

DAC

Pattern

RAM and
Symbol
Mapping

enerator



Vector Signals — Block Diagram
|Q Modulator

i ey e @ 01
s B 6 e “
' 4@ RF

IQ inputs to produce
Modulated Carrier

Carrier
90 degree 1t/2 | synthesizer
phase shifter

section

Good Interface with Digital Signals and Circuits
Can be Implemented with Simple Circuits
Fast, accurate state change

I\IEl_lI—IELlum
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Vector Modulation Signals - BBG Block Diagram

Baseband IQ signal generation- Contains information to be transmitted

Pattern RAM
Binary Info to
be transmitted

Symbol Mapping
and Baseband
Filters Map to

A 4

digital symbols
then to Digital | Q
signals

DAC

\ 4 A4

DAC

1100010110
1010010111
0010101010

00 ->1+j1

01 -> -1+j1

10 -> -1-j1

11 -> 1-j1

° I\IEl_lI—IEL’igm
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DAC'’s Convert Digital 1Q
signals to analog IQ signals

=

—> |

Send to 1Q
Modulator

=

—> Q




Vector Modulation Signals - BBG Block Diagram

Arbitrary waveform generator

Signal Studio
or
Customer File

ils

16 Over -
DSP il 7O’ sampling
B
: Data —— Symbol
Generator Builder

16 sampling

T

Signal Studio
or
Customer File

° I\IEl_lI—IELi‘Qm
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Filter

To
|/Q modulator
Filter
16 A
——DAc — N —Q>




Vector Modulation Signals - BBG Block Diagram

Real-time waveform generator

Created in DSP and continuously

Customer 16
User File : Over -
: | sampling
Repeated
. C Data
indefinitely Generator —_—0
: Built-in data Over -
E pattems Samp|ing

- Infinite data length!

° I\Ieul—ELiL_lm
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Agenda——Signal Generator

Generatlng Signals

Continuous Wave (CW)
« Sweep Signal
« Analog Modulation
« Digital Modulation

Signal Generator Architecture
Basic Applications

Applications in Modern Wireless Communications
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Basic Applications

Serve as an Oscillator

L

=

Processing/
Compression/
Error Corr

Encode
Symbaols

° I\IEl_lI—IELI’Qm
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High stability time base

Lower aging rate

Enhanced phase noise performance




Basic Applications

Digital Format Access Schemes

° NeulHelium
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Different time - different Users
One User

FDMA Differ channel - different Users TDMA

Different time - different Users

CDMA OFDM

Same channel — many users




Agenda——Signal Generator

Generatlng Signals

Continuous Wave (CW)
« Sweep Signal
« Analog Modulation
« Digital Modulation

Signal Generator Architecture
Basic Applications
Applications in Modern Wireless Communications
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, . Cellular [  WLAN
Wireless Evolution: 1990 to 2020+ || —

802.11b

=1 - -
S o
D
3 S5 802.11a/g
@ =8
@ =}
o 802.11h/n
2 BEC W-CDMA TD-SCDMA E-GPRS cdma2000
= (FDD & TDD) ) (China) (EDGE) (Ix RTT)
S 802.16d
s HSZPA / d 1x EV-DO d (Fred WikAY
= q X EV-
2 \ 4 4
2 Boee HSPA+ / LTE 802.16e /
= ’ E-HSPA (R8/9 FDD/TDD) (Mobile WiMAX)
% 802.11ac
G \ 4 \ 4
4G LTE-Adv. 802.16m /

(R10 and beyond) [WiIMAX2] 802.11ad

) 802.11ax
A unified 5G standard? el )

(€
'




3GPP LTE/LTE-Advanced Evolution---

Introduction

loT

Rel-13 (Mar’ 16)
* LAA
e AAS
« 32CCCA
* eProSe
« eMTC (loT)
« NB-loT (IoT)

° NeuI—EL‘il:lm
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DOt

HEX
22X

5G Standardization Timeline

Industry rallying around these cardinal dates

° NeulHelium
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| 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 |

« Mid/Late 2020: commercialization focused below 6GHz (standard must be complete before end 2018).
2022 or later for mmWave commercialization (technology, spectrum)

e 2018 and 2020 Olympics will showcase 5G.
« 3GPP Workshops & Plenary in Sept and Dec 2015 is official start to 5G standards work

A



Applicationin LTE- N7624B/N7625B

N7624(5)B Signal Studio Basic Waveform for LTE and LTE-Advanced FDD (TDD) Component Testing

Create spectrally-correct LTE and LTE-Advanced FDD signals for ACLR and spectral mask type testing
Predefined setups for E-UTRA test models (E-TM) and reference measurement channels (RMC)

Set parameters such as channel power and modulation type for modulation quality testing

N7624B Signal Studio Advanced Capability, Real-time Signal Generation, LTE FDD eNB Receiver Testing

Choose a pre-defined fixed reference channel (FRC) configurations

Create PUSCH sounding reference signals (SRS), including frequency hopping and UCI multiplexing
Use the PUCCH wizard to create multi-user configurations

Customize RV index sequence for HARQ retransmission

Create real-time uplink LTE signals for closed-loop HARQ and timing adjustment testing

N7624B Signal Studio Advanced Waveform for LTE and LTE-Advanced FDD UE Receiver Testing

° NeulHelium
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Applicationin LTE

e Basic: use waveform playback
mode to create and customize
waveform files needed to test
components and transmitters - E-
TM (Test Model Wizard)

e Advanced: address applicationsin
LTE receiver test, including the
verification of baseband designs
and the integration of the
baseband and RF modules. - FRC

° NeulHelium
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XBasic TDD Carrier

[ Quick Setups |C¢ﬂﬁwaﬁon :LTE TDD 1 Carrier (Modified)
B Hardware
| L Instrument Z:|Predefined Carier |+~ Add Carier | X Delete Camer | Z3Copy Canier |
é:‘:f;‘rm setvn Carier_| State | Radio Fomal [ Corfiguration | Frequency Offset | Power |
by Camer ., On  Basic LTETDD Full filed QPSK 5MHz (25 RB) (M...  0.000000 Hz 0.0004B
=3 D_Dwnlinlvc

{ [~ Transport Channel
i =Physical Channel

i Resource Block

Carrier 1 - Basic LTE TOD
=3 Uplink | Frequency Offset

0.000000 Hz
= Transpert Channel Fower 0,000 4B
Physical Channel Timing Offset 0,000 fus)

‘- Resource Block Initial Fhase 0 Deg
Symibol Rolloff Length 0Ts
Baseband Filter On
Pre-Filtar Clipping TDD configuration 1000

Fill li 1WU i

Z rame C onis
Uplink Downlink Configuration 0
Switch-point Peniodicity Sms
Allocation Configuration DSuUuuDsuUyY
Special Subframe Configuration 0
DwPTS Length 3 Symbals
GP Length 10 Symbals
|I0PTS | nath Lol
El 3.LTETDD Commaon Parameters

Physical Layer Cell ID Group 0
Phiysical Layer Cell ID Sector 0
Cell ID 0
System Bandwidth 5 MHz (25RE)
Total number of Resource Blocks 25
Total number of Occupied Sub-carmiers 300
Subcarrier Spacing 15kHz
Cyelic Prefix Maormal
MNumber of Subcarriers for Resource Block 12

MNumber of Symboals for Resource Block

i




B 1.Cell Parameters

State

Antenna Port

Taotal Mumber of &Antennas

Power Definition Type

Reference Signal Transmit Power (RSTF)
CFDM Symbal Transmit Power (OSTF)
2_Cell Specific Reference Signal

Cell Specific Reference Signal Power
Cell Specific Reference Signal Freguency Shift
POSCH Cell Specific Ratio

3. Synchronizahon Signals

Primary Synch Signal State

Primary Synch Signal Power

Secondary Synch Signal State
Secondary Synch Signal Power
P-55/5-55 Tranamit Antenna Part

|.Ce|| Specific RS I.F‘hysical Channel I.Trcmsport Channel

= 2= AN T BE

° NeulHelium

Application in LTE -Basic TDD Downlink

On

1 Artenna
Total Power
-34. 77 dBm
-10.00 dBm

0.000 dB
Cell ID mod &
pB/pA=1

On
0.000 dB
On
0.000 dB
Paort O




Application in LTE —Advanced TDD Downlink

H | Channel | State | Fower | Data | Higher Layer | Resource Block Collection |
1 FBCH On 0.000 Higher Layer  CHZ2:BCH -
2 PDCCH On 0.000 - - -
3 PDSCH On 0.000 Higher Layer CH1:DL-5CH 1.2
4 FOSCH COn 0.000 Higher Layer  CH1:DL-5CH 34
4] PCFICH On 0.000 - - -
& FHICH On 0.000 - - -
= 1. Cell Parameters
State On
Antenna Port D
Total Mumber of Antennas 1 Antenna
Power Definition Type Total Power
Reference Signal Transmit Power (RSTF) -34.77 dBm
OFDM Symbal Transmit Power (OSTP) -10.00 dBm
= 2. Cell Specific Reference Signal
Cell Specific Reference Signal Power D.000 dB
Cell Specific Reference Signal Frequency Shift Cell 1D mod &
POSCH Cell Specific Ratio pB/pA=1
E 3. Positioning Reference Signals (PRS)
State oA
Power 0.000 dB
Antenna Mapping for Part 6 1
Mumber of PDCCH Symbols 2
PRS Bandwidth 5 MHz {Z5RE)
Mumber of Consecutive DL Subframes (N_PRS) 1 subframe
PRS Configuration Index (I_PRS) ]
PRS Periedicity (T_PRS) 160 (subframes)
PRS Subframe Offset (Delta_PRS) 0
PRS Muting Sequence Length 2
PRS Muting Seguence 1.1
El 4. Synchronization Signals
Primary Synch Signal State On
Primary Synch Signal Power D.000 dB
Secondary Synch Signal State On
Secondary Synch Signal Power D.000 dB
P-55/5-55 Transmit Antenna Port Port O

° NeulHelium
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Application in LTE —Configure TDD Uplink and Downlink

LICENSES ]
5 Waveform Setup Downlink Setup
=] Carrier 1 =]
= Siale Or
Transport Channel First M-Sequence for Scrambling Code [ 1
Physical Channel Pre-clocking numnber for PRES 1600
Resource Block Anterna Part ]
=1+ Uplink Total number of Antennas 1 Antenna
Transport Channel @
Physical Channel Cell specific Aeference Signal Power 2.50 dB
Resource Block
=
Prirnary Synch Signal State On
Prirnary Synch Signal Power 0.65 dB
Secondary Spnch Signal State On
Secondary Spnch Signal Power 0.65 dB

| . Cell zpecific RS | . Physzical Channel | . Transport Channel

—I- Carrier 1 =
= Dawnlink Cate On
Transport Channel First M-Sequence for Scrambling Code C 1
Physical Channel Pre-clocking number for PRES 1600
Resource Block PUSCH DFT Swap On
= 2]
Transpart Channel State 0
Fhysical Channel Subframe Assignment 2
Resource Block Fower 0.00 dB
Ococupied Resource Block Size 25
Occupied Resource Block Offzet 0
Symbol Position First Symbol
Group Index 0
Sequence lndex 0

| [ Cel specific RS | [ Physical Channel | [ Tranzport Channel

° NeulHelium
# = ZE AN ES BE d_|

v Hint

State
Double-click or use the drop-down
menu to turn the carrier off or on.

Clicking the
ON/OFF button
to enable
DL/UL signal

A

’;1 State
Drouble-click or uze the drop-down menu

-
—

ta turn the carmier off or on.




Application in LTE —Basic LTE TDD- Uplink PUCCH

PUCCH Modulation Number of bits per
format scheme subframe, M hit |
1 N/A N/A
la BPSK 1
D@ @11 & 1b QPSK 2
Quick Setups Configuration : Full filed GPSK SMHz (25RE) with uplink-dawnlink. configuration 0 [Modified) OIS 20 ‘
= Hardware OPSK+RPSK 21 ‘
- X WFONTDIFON L4l
Instrument 9
Licenses QPSK+QPSK 22
© Wavsform Sety # | Channel | State | Powser | Data
5 Carrier 1 P 1 PUSCH On 000 Higher Layer m
5 Downlink 2 PLSCH On 000 Higher Layer || £ ey Configuration v Hirt
3 FUSCH On 0.0o Higher Layer
Transpart Channel | 4 PUSCH On 000 Higher Layer b ~| [Format
Physical Channel 5 FUSCH On 0.00 Higher Layer Chowa T 12|10 2| 2a| 2b
Resource Block 4 PUSCH On 0.00 Higher Layer S ubirame Number Carault 1
= Uplink N1
Transport Channel Nz Enter a farmat number for the
Physical Channel Deka Shit PUCCH. See the 3GPP technical
Resource Block specifications for more information
Physical Charnel 1 - PLISCH (Dcoupied by higher layer of) I Cel spectic AS | [ Physicel Channel | I8 Transport Channel W Hint
+|[Name ~
Displays the name (fype) afthe
Pawer selected physical channel.

Modulation Type
PBCH = Physical Broadeast

Chaningl

Scrambli
crambiling PDCCH = Physical Downlink

Contral Channel =

_ UL
Nprg = NRB -1 PDSCH = Physical Downlink

Shared Channel

L
<

ific: RS | .Physical Chaninel ‘ .Tlansp

| . Cell speg

Nprg =0

® NeulHelium -<«+—O0ne subframe——»
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Application in LTE —Basic LTE TDD- PHICH

) Agilent Signal Studio for 3GPP LTE TDD - Untitled*

File ‘wiew Control System  Tools  Help
== 11 &

Quick Setups |Configuration : Full filed QPSKE SMHz [25RB] with wplink-downlink, configuration O (Modified) |
= Hardware

" Instrument ﬂllil

icenses

H# | Channel | State | Power | [iata | Higher Layer | Rezource Block Collection |
= ga‘ée;f:lz Sewe 1 PBCH On 000 HigheLayer CHZBCH
. . 2 FDCCH On 0.0o - -
= Downlink 3 PDSCH On 000 Higher Layer  CHI:DLSCH 1.2
~Transport Channel 4 FDSCH Or 0.00 Higher Layer  CH1:DL-5SCH 34
~Physical Channel 3} FLCFICH On 0.0a - - -
~Resource Block 3 PHICH Or 0.oa

= Uplink

Transport Channel
- Physical Channel
- Resource Block

Data Source Selection

Physical Channel & -- PHICH & AlACK v Hirt
E:};j:al R - SRR AC K/ N AK |E l%\ 'II-'IrIﬂS parameter applies only to
State i ser Defined Bits PHICH channels.

Power

; Use the Data Source Selection
E‘ff;;gj:f'“k Eollction Numbers Cancel | dialog hax o select Al 0, All 1, ar
Second M-Sequence for Scrambling Code Generator fFFFFFFF lU?er ?Eﬂmd Bits for the HARQ
HI AlLACK nelcator.
Modulation Type BPSE
PHICH Dwration Marmnal
PHICH Sequence Index 0
PHICH &llocation 1

I [ Cell specific RS I [ Physical Charne! I [ Transpart Channel

< ]| |
|Reac|5r | |

° NeulHelium
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Application

iIn LTE

MXhdvanced LTE TDD- Uplink FRC

‘Cnnﬁguration - Full filled GPSK BMHz (25 RE)

Predefined Corfia. | T UL FRC Wizard g* UL RMC Wizard | B3 PUCCH Wizard
Uplink Setup
B 1. Cell Parameters
State Off
Antenna Port 1]
Total Number of Antd' FRC Wizard @
PUSCH DFT Swap } } )
E 2. Sounding Refen FEC Configuration [~ Hint
‘Etam System Bandwidth 5 MHz (2SEB)
ot uenco o] | I 5 £ox roerence sensitivity snd inchamnal selectivity @ESE R1/D <l
Subframe Configurat Reference Chammel Al Al-1
Maximum UpFTS KB Dffzet } v
Number of Format 4 SES State (Optionall 0ff
Cyelic Shift (nSRS5_
Bam!dthcnnﬁgura FEC for reference zemsitiwity and in—channel zelectivity (HFSE, E=1,3) [~ Hint
Bandwidth (B_SRS)
Transmission Comb Mlocated Besource Elacks =]
Hopping Bandwidth DFT-OFIM Symbols per Subframe 1z
Frequency DomainB | jyodul ation QPSK
Configuration Index Code Rate 1£3
ge[,'f"d'c't‘g;‘:f]c Fayload Size (bits) &0
Fu reme Hs ) o Transpert Block CRC (bits) 24
FEQUENCY NOPRING | | 20de Block CRC Size (hits) 0
Humber of Code Blocks 1
Coded Elock Sire including 1Zbits trellis termination (hits) 1584
Total Womber of Bits per Subframe 1728
Total Symbels per Subframe GEd
1) I Cancel

° NeulHelium
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Application in NB_loT — NB-loT Component Carrier

. Keysight Signal Studio for LTE-LTE-Advanced FDD - C\cn569365\Markekting\WLAN\| l Keysight Signal Studio for LTE-LTE-Advanced FDD - C\cn569365\Markekting\WLAN\

File View Control System Tools Help File View Control System Tools Help
DE W& 1= T R
- Quick Setups . . 3 - :
o ﬁ_ardwa,e P (Configuration : LTE DL 1 Carrier (Modified) ~Quick Setups Configuration - LTE DL 1 Carrier (Modified)
. i~Instrument [+-Add Carrier % Delete Carrier | Guco | F-Hardware : ——
- Licenses — i-----InStrument +- Add Carrier X Delete Carrier | Z1Cal
=-Waveform Setup LI HOID ’ - Licenses LTE FDD >
LTE-A FDD p) ~\Waveform Setup
- >
Basic FDD Uplink CA LTE-A Pro FDD > _ _ LTE-A FDD
Basic FDD PRACH CA > G Basic FDD Uplink CA LTE-A Pro FDD >
Advanced FDD Downlink CA > Library Waveform Basic FDD PRACH CA 4 CW Carrier
Advanced FDD Uplink CA > E-UTRA Uplink CC Advanced FDD Downlink CA > [Beta] E-UTRA Downlink CC
[Beta] eMTC Uplink CC Advanced FDD Uplink CA 2 [Beta] NB-laT Downlink CC
NB-loT Uplink CC FIOVETOTTIT T
C ¢ E 1. Basic
ommemn
Total Sample Points avefﬂ-r Name
Waveform Sampling Ratio Mode L .
aveform Sampling Ratio Total Sample Paints

Select “NB-1oT Uplink CC" is Select “NB-loT Downlink CC”
under LTE-A PfO, Advanced is under LTE-A Pro, Advanced
FDD Uplink CA FDD Downlink CA

Note: “Beta” features are included but hidden by default. Select “Show Beta Features” under View menu.

° NeulHelium
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Application in NB_loT - UL FRC Wizard

UL FRC Wizard

° NeulHelium
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UL FRC Wizard

Uplink FRC Configuration (Base Station Rx Test based on 36.141)

Systemn Bandwidth
FRC Type
Fixed Reference Channel

200 kHz (1RB)
AT4 FRC for NB-10T reference sensitivity (P12 BPSK, R=1/3)
Al4-

FRC for NE-IOT reference sensitivity (PIf2 BPSK. R=1/3) A14-1

[~ Hint

Sub-carrier spacing (kHz)
Mumber of tone

Diversity

Modulation

Frequency offset

Channel estimation length (ms)
Mumber of NPUSCH repetition
IMCS [TBS

Payload size (bits)

Allocated resource unit

Code rate (target)

Code rate (effective)

Transport block CRC (bits)
Code block CRC size (bits)
Number of code blocks - C
Total number of bits per resource unit
Total symbols per resource unit
Tx time (ms)

15 kHz
1

MNo
Plj2 BPSK
0

4

1

oj/0
32

2

1/3
0.29
24

a8~ °

A



Application in NB_loT - UL-SCH Node

UL-SCH Node

El Component Carrier 1 !

=8 U_plink 1-- UL-SCH1
‘e Channel Setup

: ) RNTI | |MCS Index
E- Eﬂrﬂplnnent Carrier 2 = 2. NPUSCH Setti Range: 0to 12
- Uplink NPUSCH Format 7

e Channel Setup Sul ier Spacing
MNumber of Subcarriers in Resource Block
Mumber of Subcarriers in Resource Unit (N_RIL_sc) 3
=373 kHz)

Subcarner Offset in RE (n_sc)
Number of Repetitions (M_Rep)
Number of Resource Units (N_RLI)
Mumber of Slots in Resource Unit (N_LL_slots)
Mumber of Consecutive Slots for BV Index (B)
Mumber of Consecutive Transmission Slots (M)
Number of Mapping Slots for NPUSCH (N_slots)
MNumber of Repetitions of ldentical Slots (M_NPUSCH_identical)
= 3. DM-RS NPUSCH Settings
Multi-Tone Base Sequence Auto Calculation
Multi-Tone Base Sequence Index (u)
Cyclic Shift (alpha)
Group Hopping
Group Assignment NPUSCH (Delta_55)
E 4. Transmission Settings

-

=g=|~5: Mh““i

Data PNS
RV Index Configuration Auto
RV Index Seqguence 02
Transmission Configuration Length 1 {4 ms)
Transmission Configuration 1 Transmission is defined.
Start Frame (nf) 1]
i NeulHelium Start Subframe (ns) 0 -
A5 2= A9 W B

73

il

anp>
ayay

A



Application in NB_loT - Downlink Configuration

Configure N-TM in Test
Model Wizard (Beta in Mar

B Keysight Signal Studio for LTE-LTE-Advanced FDD - Untitled - Ll Re lea Se)

File View Control System Tools Help
O d 1E&

-Quick Setups — ot HE-o-B ink |
E-Hardware ™
~Instrument Test Model ...
Licenses — ~ Standalone(/guard-band)
E-Waveform Setup I Hint . b d
BE-Carrier Aggregation 1 -
E-Component Carrier 1 = 1. Narrowband Cell Parameters orin-pan
E'm Narrowband Cell ID 1
-Channel Setup Operation Mode Stand-Alone
Starting OFDM Symbal 1]
System Bandwidth 200 kHz (1RB)
Total Number of Antennas 1 Antenna
Antenna Port 1]
Subcarrier Spacing 15 kHz # Of antenna (l Or 2)
Cyclic Prefix Normal
Number of Subcarriers for Resource Block 12
Number of Symbals for Resource Block 7
El 2. Narrowband Reference Signals (NRS)
Narrowband Reference Signal Power 0.000 dB
Number of NRS Antenna Ports 1
NRS Antenna Mapping Configuration Auto
NRSO Antenna Mapping 1
NPDSCH Cell Specific Ratio pB/pA=1
O 3. Narrowband Synchronization Signals (NPSS / NSSS)
Narrowband Primary Synch Signal State On
Narrowband Primary Synch Signal Power 0.000 dB
Narrowband Secondary Synch Signal State On —
MNarrowband Secondary Synch Signal Power 0.000 dB
NPSS/NSSS Transmit Antenna Port Port 2000
—
Resource map shows
color coded channel
allocation

Ready |Connected

° NeulHelium
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Application in Verizon 5G- Features

« Main PHY layer structure are implemented for signal generation

Support multi-user channels generation

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

e LDPC and tail biting CC

DCI Auto Generation with xPDSCH and xPUSCH scheduling

information
Multi-Antenna Transmission
» TxDiversity and Spatial Multiplexing

High Speed case for KT5G spec

« Support flexible signal configuration

° NeulHelium

M= 3= AN T BE

Both single carrier and multi-carrier are supported

« 8 Carrier Configuration Preset

« Support flexible signal configuration (Cont’ d)

Graphical display for frame resource allocation

User can assign resource blocks to both downlink and

uplink channels.
Support generating DL and UL signal at the same time.

Support partial generation of one radio frame

 Signal verification methods

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

« Requires VSA Custom OFDM (89601B-BHF)




Application in Verizon 5G- User Interface

T ——— ]

Keysigh 0 o
% Quickly setup 8 carrier
0E o configuration
El- Hardware |
Ma1904A
| E| # Add Carrier 2 Delete Camier 53 Copy Camrier [=] Auto Frequency Offset || Quick Setups + 28 Save to 89600 Setup File
Carrier 1 X Camier | State | Radio Format | Frequency Offset | Power Initial Phase | Timing Offset | Cell 1D
-~ Subframe Configuration e e on SGTF (VZW)  -346.50 MHz 00048 O 0.00ms 0
Carrier 2 Camer2  On BGTF (WVZW)  -247 50 MHz 0.00dB 0 0.00ns 1
- Subframe Configuration | Camier3  On 5GTF (VZW)  -14B.50 MHz 0.00dB O 0.00ns 2
Carrier 3 Camier 4 On 5GTF (VZW)  -49.50 MHz 0.00dB 0 0.00ns 3
Subframe Configuration Camier 5 On BGTF (WZW) 4550 MHz 0.00 dB 0 0.00ns 4
Carrier 4 Camer&  On BGTF (VZW)  148.50 MHz 0.00dB o 0.00ns 5
... Subframe Configuration Camer7  On BGTF (VZW) 24750 MHz 0.00dB 0 0.00ns 6
Carrier 5 4 1. Basic
Subframe Configuration MNumber of Radio Frames 1
Carrier 6 Generated Subframe Offset o
Subframe Configuration Mumber of Generated Subframes per Radio Frame 2
1 Carrier 7 COversampling Ratio 8
i i.Subframe Configuration Total Sample Points 4931520
B Carrier & Waveform Length 400000 us
i.. Subframe Configuration Mimor Spectrum Off
a 2. Marker
Marker 1 Source Waveform Start
Marker 2 Source Frame Start
Marker 3 Source RF Blanking Control
Marker 4 Sor RF ALC
4 3. Crest Factor Reduction
On
| Target PAPR 300dB
i Max lteration 10
Cancelling Percent 100.0 %
Block Size 1000
| Fitter Mask -475.8.-100:-396.5.0:396.5.0:475_8.-100
|
CCDF ]‘.‘\c‘ave{on‘n ]
5% Gaussian B Reference [ Acquire Ref. B Burst CCDF =
10%  3.66dB Current
| 1% |6.76dB )
8.00 dB
8.00 dB
:8.04 dB
0.00011 8.22 dB
Fesk |8.22 dB

H
! Ready |Not connected
<

° NeulHelium
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m

Export multi-measurement VSA
configuration

# of frames and subcarriers to
generate waveforms

Crest Factor Reduction(CFR)
reduces peak-to-average ratio




Application in Verizon 5G- Subframe Configuration

B s W olsn.
File Control syste  Add/remove/copy more exible ub=
TR configurations frame/PHY phannels
S allocations o e
il i i-meig0a 4 — -
I B Waveform Setup ¥ Add - X Remove 53 Copy
B Carrier 1
Subframe Configuration Enabled Assigned Subframes Description
¥ Carrier 2 T Contral Subframe v IEE e Check symbol types
i e Subframe Configuration 3 f H
B} Carrier 3 Downlink Corfiguration 1 ™ 1:24 2645 De. Od. Dd, Dd, Dd. Dd. Dd. Dd. Dd. Dd, Dd, Dd. Dd/C RS, Dd/C RS in the Conflguratlon
.. subframe Configuration |
E| Carrier 4
.. Subframe Configuration |
Bl Carrier 5 PDCCH |
| ... Subframe Cenfiguration -- : -:4 x
g-carmers n_ID 0 _+| [channel Coding
. 0 Enable or disable
= SW|tC_h betvyeen channels and on e me s
Transmit Diversit i ]
g signals in the selected L y EA Select MIMO Transmission Mode:
conﬂgura'gﬂon : gﬁ Enable LDPC data will be passed to Diversity or Spatial Multiplexing
enna Port g bler directhy.
PCRS Corfiguration 00 - No PCRS COdlng SeremEer Ay
4 2 Meodulation and Coding
| Channel Coding [ =
MCS 0

Quick navigation between 50

I 01234567 8 9101112131415161718192021222324252627 2829303132 3334353637.38394041 42434445464?4849.
subframes

Resource Allocation Map shows

s ——F—— 5 ——F - ——F - —— 5 ————— channel configuration (Hovering

mouse gives channel and signal
name in a tooltip)

Ready |Not connected

° NeulHelium
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22
X

THANKS
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