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Introduction

1 Introduction

In previous mobile technology generations, voice communication have always been
the major focus. Progressively, new services were added, e.g. text massaging in 2G,
video calls in 3G and always-on data connectivity in 4G. The upcoming generation,
5G, seeks to make further major changes to services with a wide range of
requirements. The networks are capable of providing services ranging from high data
rate mobile broadband to ultra-reliable low-latency communications.

5G is designed to support a variety of different services. 5G New Radio (NR) employs
a much higher bandwidth (up to 400 MHz per carrier) compared with 4G. 5G NR is
designed for deployment in two main frequency ranges. FR1 comprises spectrum from
410 MHz to 7.125 GHz and FR2 from 24.25 MHZ to 52.6 GHz.

In case of waveform, 5G NR retains the OFDM-based waveform just like in LTE.
However, certain fundamental differences enable the high configuration flexibility
required in this generation. 5G NR introduces flexible numerology and thus allowing
subcarrier spacing (SCS) of 15 KHz, 30 KHz, 60 KHz, 120 KHz and 240 KHz. This
leads to different symbol time durations since the SCS is inversely proportional to the
symbol duration. Therefor the number of symbol in a fixed time duration is now
variable. The synchronization signals and data channels may use a different SCS.
Moreover, the synchronization signals and broadcast signals are no longer placed in
the center of the carrier. This requires the definition of a reference point for allocation
of resources in the frequency domain.

In 5G NR, the nominal channel bandwidth per frequency band can be segmented into
smaller sub bands known as resource grids or bandwidth parts (BWP). Mixed
numerology can be an option to provide various Quality of Service (QoS) on the radio
interface. One BWP is one fixed numerology. BWPs are allocated to UEs.

This application note is a step-by-step guide on 5G New Radio (5G NR) signal
generation and analysis. The R&S®SMW200A Vector Signal Generator equipped with
software option SMW-K144 (5G NR option), SMW-K114 (OFDM Signal Generation
option) in combination with the R&S®FSW Signal and Spectrum Analyzer and the
options FSW-K144 (5G NR Downlink Signal Analysis) & FSW-K145 (5G NR Uplink
Signal Analysis) is used in this application note. The R&S®VSE Vector signal explorer
has also been used for analysis purpose in parallel to the FSW-K144 & FSW-K145
software options. The R&S®VSE Vector signal explorer is an analysis software that can
be used remotely on a user PC in a multi-user environment but with the same test
bench.

Abbreviations

The following abbreviations are used in this application note for Rohde & Schwarz
products:

= The R&S®SMW200A Signal Generator is referred to as SMW
= The R&S®FSW Signal and Spectrum Analyzer is referred to as FSW
= The R&S®VSE Vector signal explorer is referred to as VSE



5G NR DL & UL Signal Generation and Analysis

2 5G NR DL & UL Signal Generation and
Analysis

The standardization body, 3GPP creates the specification, which provides a
comprehensive definition of the complete system. More specifically, the 3GPP RAN4
and RANS5 working groups define the base station and user equipment requirements to
be tested and verified.

The radio transmission and reception (i.e. RF) requirements define the transmitter
capabilities (e.g. maximum output power and transmit quality such as EVM and
frequency error) and receiver capabilities (e.g. the sensitivity of an end-user device or
its ability to maintain a certain throughput in the presence of an interferer or blocking
signal).

The different 5G NR physical layer parameter can be generated and analyzed with
ease. This chapter will explain systematically how this is performed, for both downlink
and uplink, using the signal generator SMW and the spectrum analyzer FSW.

2.1 Downlink signal generation and analysis

This section describes a step-by-step guide on how to setup a FR1 Downlink (DL) cell
where the maximum Bandwidth is 100MHz. The signal is centered at 3.5GHz.

2.1.1 Signal generator setting on the SMW

I To start off, open the 5G NR option from the Baseband menu on the SMW

1
3.500 000 000 000 etz b
——— Y 0

5G New Radio

= o o2 [ |
uto Internal

: Set To B Generate
l : Default eRecall S)save Waveform

Link Direction
Downlink

= Test Models ...
| 5
Node .. Users/BWPs ... |
Scheduling .- O Output/Power .. |
Time Plan .. |

o N #
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Fig. 2-1: 5G NR main configuration window on the SMW

Fig. 2-1 shows the main configuration window of the 5G NR physical layer baseband
signal generation. The step numbers are marked in correct order in the figure to
configure the physical layer downlink parameters. Follow the numerical sequence from
from Fig. 2-1 and the configuration description is listed below:

Set Frequency: 3.5 GHz
Link direction : Downlink

Output power level: -30dBm

R

Node configuration settings

5G New Radio A: Node Settings
Schedullng TXBW SS/PBCH [Dummy REs
Nupibeot Cattiecs RF Phase Compensation [

Fig. 2-2: Node settings window configuration for carrier

Under node setting, the sub windows Carriers, TxBW , SS/PBCH need to be
configured as shown in Fig. 2-2.

I Carrier: Cell ID: 1, Deployment: 3 GHz <f <= 6 GHz, Channel BW : 100 MHz

5G New Radio A: Node Settings

Scheduling TBW SS/PBCH DummyREs
W i S Sk b

Carrier: Cell

Point A to Carrier Cent
oint A to Carrier Center R eolvE Conficis

-49.320 MHz

Fig. 2-3: Node settings window configuration for TxBW

I Select both 30 KHz and 60 KHz and hit Resolve Conflicts as shown in Fig. 2-3

5G New Radio A: Node Settings

— | X
Schedul T)(BW 'sS/PBCH Dummy REs : .

Carrier: Cell T

Number of SS/PBCH Patterns Antenna Port Offset Relative to
1 4000 TxBw

30kHzNCP 80 6 1100!1.. 10ms Config.. 0.00 0.00 0.00

Fig. 2-4: Node settings window configuration for SS/PBCH
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I Select SC spacing: 30 KHz NCP, RB offset:80, SC offset: 6, Case: B, Position:
1100 0000 as shown in Fig. 2-4

5. Users/ BWPs configuration from Fig. 2-1

Properties
ser

User: Carrier: Cell
0 0

Number of DL BWPs

DL BWPs

0 30kHzNCP

1 60 kHzNCP

Fig. 2-5: User/BWPs setting window configuration for DL BWPs

I As shown in Fig. 2-5, Insert Number of DL BWPs: 2

I Configure BWP indicator 0 with SC spacing: 30 KHz, no RBs: 30 & RB offset: 135
I Configure BWP indicator 1 with SC spacing: 60 KHz, no RBs: 35 & RB offset: 0

6. Now that there are two BWPs, both needs to be configured separately from the
Scheduling window in Fig. 2-1. The first BWP is indicated with 0 and the second BWP
is associated 1 in Fig. 2-6.

5G New Radio A: Scheduling Settings

CORESET

PDSCH

CORESET 0 0 Config.. 0.00

PDSCH 1 | | 0 Config.. 0.00

Fig. 2-6: Scheduling setting for the first BWP

I Configure the two BWP as shown in Fig. 2-6
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I BWP 0 : 30 KHz NCP

. CORESET, slot: 0, No. Sym: 2, Sym Offset: 0, No RB: 30
. PDSCH, slot: 0, Map type: A, No. Sym: 12, Sym Offset: 1, No RB: 30, Config:
Mod: QPSK
I BWP 1: 60 KHz NCP

. CORESET, slot: 0, No. Sym: 2, Sym Offset: 0, No RB: 24
. PDSCH, slot: 0, Map type: A, No. Sym: 12, Sym Offset: 1, No RB: 32, Config:
Mod: 64QAM

7. The time plan window (in Fig. 2-1) depicts a graphical overview of the configured
physical layer parameters. Fig. 2-7 shows a signal with two BWPs with different SCSs
as configured in this section.

5G New Radio: Time Plan — X

| Cell 9 Show @/ First Subframe || Subframes |
0 Carrier 0 10

FEE RN

5
Time (/ms)

Fig. 2-7: Downlink signal parameter setting as visualized on the Time Plan window

8. Switch ON the Baseband signal, Modulator and RF using the buttons as marked on
Fig. 2-1.
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2.1.2 Spectrum Analyzer setting on the FSW

I To get started, switch ON the 5G NR measurement personality from MODE

Multi-Standard Radio Analyzer

New w\ Spectrum 1xEV-DO ) 1xEV-DO
Channel TS5 MS

Replace | ™ SGNR = go2.11ad T R > ifier Analog Demod

Current
Channel o +  CDMA2000 @) CDMA2000
MS

M= Avionics A BTS

19 1Q Analyzer  if LTE LY & Srovip 2% NB-IoT - Noise

q ] :  TD-SCDMA
¥, &
= OneWeb __ Phase Noise [\ pulse 4l Spurious An BTS

(3] ITI[E)—SCDMA N~ Transient et VSGTE

Analysis
sanm sam

Duplicate
rent Channel

Fig. 2-8: Measurement Modes selection window on the FSW

SHeRQielcc M= > %@

Multiview 28 Spectrum ! X SGNR 1! signal I
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Ref Level 0 Freq 3.5GHz Mode inl apture Time 20.1 ms BWP/SS All
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Triager/
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Tracki
80 de:
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2 Result Summary ed TEVEF35Ed
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147.83 ‘| settings

146.08
- Display
‘| config

0.0 Hz

sync Failed

MKR 4 5 6

) § 2 3
RN | S m @ 0 ©
MEAS INPUT/ o B

Fig. 2-9: 5G NR measurement Mode on the FSW

LINES

I Set Frequency: 3.5 GHz as shown in Fig. 2-9

I In the Signal description window, the signal parameter of the received signal
needs to be configured
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| signal Description Radio Frame Config | Ant Port Mapping Advanced Settings

| Mode Downlink @ Test Model: Not selected yet

Number of i W
Component Carriers _ CC Signal Capture

Deploy Frequency

Range 3GHz < f <= 6GHz -

Physical Settings
Channel Bandwidth 100MHz + Sample Rate 122.88 MHz

| Auto an On Off

Synchronization Auto Manual Configure SCS--- Delta to CF ——
Bandwidth Parts Auto Manual Configure 1BWPs SCS 30kHz
Slot Configure Slot Format 0

PDSCH/PDCCH Configure QPSK
Auto Detection

Fig. 2-10: Signal description configuration window in the 5G NR mode on the FSW

I Signal description settings is in Fig. 2-10,

= Set Mode: Downlink, Number of component Carriers: 1
. Deploy frequency Range: 3GHz < f <=6GHz

. Channel Bandwidth: 100MHz

. Bandwidth Part: 1 BWPS and SCS 30 KHz

. PDSCH/PDCCH: QPSK

= CelllD: 1

Signal Configuration L ] X

Signal Description Radio Frame Config Ant Port Mapping = Advanced Settings

Copy Frame Paste Frame Paste to all
Synchronization BWP Config Slot Config PDSCH/PDCCH Config

n Auto Manual

SS Block State Config - x
Offset rel to T
ocks &

RB Offset T bearrier All None

State Index State
OFf

PSS Rel Power ORI 55 Rel Power A of

e off off
PBCH Rel Power  [NRVETY Rel

PBCH Block State

CH RS
Power (to PBCH) off 12 Off 14 off 15 OfFf

. —————————————
L Selection

Fig. 2-11: Radio Frame Configuration window in the 5G NR mode on the FSW

I From the Radio Frame Config window, the sub categories (shown in Fig. 2-11)
need to be configured

I In the Synchronization,

= Select Detection: Manual, Subcarrier Spacing: 30 KHz
. SS/PBCH Block Pattern : CASE B

. Offset rel to: TxBW

. RB Offset: 80, Additional Subcarrier Offset: 6

10
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. Burst Set Periodicity: 10ms
= SS/PBCH Block State: Configuration shown in Fig. 2-11

Signal Configuration N x

Signal Description Radio Frame Config Ant Port Mapping Advanced Settings

“‘~ p— - Copy Frame Paste Frame Paste to all

Synchronization BWP Config Siot Config PDSCH/PDCCH Config

Selected
Auto Manual Su - u Next BWP

Subcarrier RB - i
Spacing #RBS  gffset Add

Remove

BWP

1] Configure
Clear

Duplicate

Fig. 2-12: BWP configuration settings in Radio Frame Config menu
I BWP o and 1 needs to be configured as shown in Fig. 2-12

. BWP 0: SCS 30KHz, #RBs: 30, RB Offset: 135
. BWP1: SCS 60KHz, #RBs: 35, RB Offset: 0

signal Configuration Signal Configuration ® X

jon Radio Frame Config Ant Port Mapping Advancec

W ig Slot C ig PDSCH/PDCCH Config
—

Enhanced Number Offset Number Offset Rel Power
Settings _of RBs ___RB__of Symb _Symb /8

tion Radio Frame Config Ant Port Mapping Advanced Settings

WP Config = Slot PDSCH/PDCCH Config

Enhanced mber Offset Number Offset Rel Power -
Settiy RBs RB ol Symb Symb __/dp _ Confict

1D Allocation Modulation [¢

1D Aflocation Modulation
0 CORESET  QPSK

o) oo

0 CORESET  QPSK

Fig. 2-13: PDSCH/PDCCH config settings in Radio Frame Configuration menu

I Fig. 2-13 shows the PDSCH/PDCCH configuration for the two BWPs and needs
to be configured accordingly

Signal Description Radio Frame Config Ant Port Mapping Advanced Settings

cc1

Global Settings

Reference
Point A

Fig. 2-14: Advanced Settings configuration in Signal Description menu

11
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S

2.1.3

Reference point A relative to CF is -49.32 MHz

0 o
Po
=20 dBm
=40 dBm
0.0 0 0 0.0 0.0
Alloc ID O e 0 e on D
888 PBCH
0 0 0 BCH DMRESCH DMR Hi
0 0 0
0 0 0
0 0 0
0 0 0

Fig. 2-15: Measurement Display Window of the 5GNR analysis personality on the FSW

Fig. 2-1 shows the measurement display of the 5G FR1 signal at 3.5 GHz. The auto
EVM can be selected to optimize the analysis of the signal. The EVM for PDSCH
QPSK is 0.62% and PDSCH 64QAM is 0.62%.

Spectrum Analysis on the VSE

Configuring the 5G NR measurement personality on the VSE.

Signal C =
Signal Description Radio Frame Config Advanced Settings
Mode Downlink - Load/Save Signal Description

Deploy Frequency
Range

Physical Settings.

Channel Bandwidth 100MHz ™ Sample Rate 122.88 MHz

3GHz < f <= 6GHz ~

Synchronization  Configure | SC5 30kHz Delta to CF -16.74 MHz
= Bandwidth Parts | Configure | 2 BWPs 5C5 30kHz, 60kHz
& slot Configure  Slot Format 0

PDSCH/PDCCH Configure  QPSK, 640AM

Auto Detection | On Cell ID

Fig. 2-16: 5G NR measurement Mode Signal Description configuration on the VSE

I Fig. 2-16 shows the Signal Description configuration of the 5G NR measurement
modes

12
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. Mode: Downlink, Deploy frequency Range: 3GHz < f <= 6GHz
. Channel Bandwidth: 100 MHz

. Synchronization: SCS 30KHz

. Bandwidth Parts: 2 BWPs

. DPSCH/PDCCH: QPSK, 64QAM

= Auto Detection: OFF, Cell ID: 1

Copy Frame Paste Frame Paste to all

PDSCH/PDCCH Config I

Detection  Auto [[FETTS]

Subcarrier Spacing | 30kHz T SS/PBCH Block Pattern | CASE B @ @
55/PBCH Block Offset
” Number of SS/PBCH blocks &
= Subcarrier Offset ” None
2 Delta: SS/PBCH Block Center to CF -16.74 MHz P index|_state | index| state | index]_state | index|_state
Burst Set - ‘ 2 ot 3 off
Periodicity | 10ms _[SS/PBCH Block State Configure
~ ‘ 4 on |5 o | 6 o |7 o
PSS Rel Power 0048 S55 Rel Power 0008 -~
\\ ‘ 8 off 9 off 10 o 11 off
ckrerower [000 | RRURocy 0@ | o [ e o [ ]
\\ ‘wonwowuonwon
\‘ ‘m of 2 off 2 of 2 of
.T-------------I

Fig. 2-17: Radio Frame Config on the VSE

;;:f;“‘" Prev EWP Next BWP Numerolagy #2
4 slots per SF
gwp | Subcarrier | o0 RB Slot -~ Add 14 symb per slot
Spacing Offset Config
Bandwidth 25.2 MHz
0 30kHz 30 135 Configure Remove Delta to CF -36.0 MHz
Total # slots 40
% 1 60kHz - Configure Clear ° slats
= Max # RBs 135
= - Duplicate FFT size 2043

From the Radio Frame Config window, the sub categories (shown in Fig. 2-17)

need to be configured

Under the Synchronization tab,

= Select Detection: Manual, Subcarrier Spacing: 30 KHz
. SS/PBCH Block Pattern : CASE B
. RB Offset: 80, Additional Subcarrier Offset: 6

. Burst Set Periodicity: 10ms

. SS /PBCH Block State: Configuration shown in Fig. 2-17

Signal Description Advanced Settings

# Frames To

Configure

Selected
Frame

Copy Frame

Paste Frame Faste to all

Synchronization m— Slot Config

PDSCH/PDCCH Canfig

13
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Fig. 2-18: BWP configuration settings in Radio Frame Config menu

I BWP o and 1 needs to be configured as shown in Fig. 2-18

. BWP 0: SCS 30KHz, #RBs: 30, RB Offset: 135
. BWP1: SCS 60KHz, #RBs: 35, RB Offset: 0

Sgnaouscrpron [T acec sngs Suivescipion  [[UITIRSPR e sotig:
' [l 1 CopyFrame Paste Fame Pasteto st ol FEI -l B Copy Frame Puste Frame Fasteto a1
Syvonizsion __ows cony o conkig schonision__swnconiy sovcony [N
anawiotn part Humser | Stot Number | 0 Bandwidth Part Number | 1 sit Humber |0

Enhanced | Humber | Offset | Number | OfMfset Rel. Power - Enhanced | Number | Offset imber | Offset Red. Power 4
0 | smmen | wosmen | 2 | e | o | | G| Ml | come o | socutin | wosuston | S| ey | et | e | S | M | cona
H o comsm  apsx » | o | 2 | o oan g o comsm o NN oan
2 (8] e om » ol - o o s = o Bl e

Fig. 2-19: PDSCH/PDCCH config settings in Radio Frame Configuration menu

Fig. 2-19 shows the PDSCH/PDCCH configuration for the two BWPs and needs to be
configured accordingly

I BWP 0 configuration:

. CORESET: Modulation: QPSK, No of RBs: 30, No of Symbol: 2

. PDSCH: Modulation: QPSK, No of RBs: 30, No of Symbol: 12, Offset Syb: 1
I BWP 1 configuration:

. CORESET: Modulation: QPSK, No of RBs: 24, No of Symbol: 2
. PDSCH: Modulation: 64QAM, No of RBs: 32, No of Symbol: 12, Offset Syb: 1

’ Signal Description Radio Frame Config

Advanced Settings

K

[ SCS 15kHz [ ] scssom

Global Settings [ Reference Point A

Relative to CF MHz | Absolute Frequency 3.45068 GHz ‘

T SC560kHz 0 N ‘

5G NR

Fig. 2-20: Advanced Settings configuration

I Reference point A : Relative to CF is -49.32 MHz

14
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sz Capture Time 201 ms  BWP/SS Al

Frame

- .

Fig. 2-21: Measurement Display Window of the 5GNR analysis personality on the FSW

Fig. 2-21 shows the measurement display of the 5G FR1 signal at 3.5 GHz. The EVM
for PDSCH QPSK is 0.69% and PDSCH 64QAM is 0.61%.

15
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2.2 Uplink signal generation and analysis

2.2.1 Signal generator setting on the SMW

1

3.500 000 000 000 6+ : -10.006n |

5G New Radio

e
Internal

Set To Generate
: A Default eRecall @s:;ve Waveform
n irection
Uplink
@Test Models ...
IUsefs/BWPs &5 e
Output/Power ..

Fig. 2-22: 5G NR main uplink configuration window on the SMW

Fig. 2-22 shows the main configuration window of the 5G NR physical layer baseband
signal generation. The steps numbers are marked in correct order in the figure to
configure the physical layer uplink parameters. Following Fig. 2-22:

1. SetFrequency: 3.5 GHz

2. Link direction : Uplink

3. Output power level: -10dBm
4

Node configuration settings from Fig. 2-22

3.500 000 000 000 6

5G New Radio A: Node Settings

: TxBW Dummy REs . :
pames Sl _

NUzbs citenice 1 RF Phase Compensation 0

3GHz<f<=6GHz

Fig. 2-23: Node settings window configuration for carrier

Under node setting, the sub windows Carriers, TXBW needs to be configured as shown
in Fig. 2-23.

16
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I Carrier: Cell ID: 1, Deployment: 3 GHz <f <= 6 GHz, Channel BW : 100 MHz

Carrier: Cell

Point A to Carrier Center Resalve Confiicts

Fig. 2-24: Node settings window configuration for TXxBW

I Select both 30 KHz and 60 KHz and hit Resolve Conflicts as shown in Fig. 2-24

5G New Radio A: Users/BWP Settings

General |Properties ‘ULBWPs [T Config
User 0 User 0/ Cell 0 (EEQ VAT K VA1 A1)

User: Carrier: Cell T‘

Number of UL BWPs

0 60kHzNCP | 75 0

Fig. 2-25: User/BWPs setting window configuration for UL BWP
| Users/ BWPs configuration is shown in Fig. 2-25,

. Insert Number of UL BWPs: 1
. Set BWP indicator 0 with SC spacing: 60 KHz, no RBs: 75 & RB offset: 0

17
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6. Now the BWP needs to be configured separately from the scheduling window in
Fig. 2-22. The BWP configuration is shown in Fig. 2-26.

3.500 000 000 000 e
5G New Radio A: Scheduling Settings

2| Subframe

R

0

Fig. 2-26: Scheduling setting for the BWP

| BWP 0 has No allocation :1

= Sub carrier spacing 60 KHz NCP , content: PUSCH, Map format: A
= Slot: 0, No Sym: 14, No RBs: 75; Config: Mod: 64QAM

7. The time plan (from Fig. 2-22) window shown in Fig. 2-27 depicts a graphical
overview of the configured physical layer parameters.

5G New Radio: Time Plan

Fig. 2-27: Uplink signal parameter setting as visualized on the Time Plan window

8. Switch ON the Baseband signal, Modulator and RF using the buttons as marked on
Fig. 2-22.

18
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2.2.2 Spectrum Analyzer setting on the FSW

I To get started, switch ON the 5G NR measurement personality from MODE

Multi-Standard Radio Analyzer

1xEV-DO E) 1xEV-DO

New o\ Spectrum TS 50 MS

Channel

“nt 5G NR = go2.11ad = ggﬁlélﬂ‘f >~ ifier Analog Demod

Replace
Current

Channel +  CDMA2000 @) CDMA2000
MS

M= Avionics A BTS

19 1Q Analyzer  if LTE LY & Srovip 2% NB-IoT - Noise

q ] :  TD-SCDMA
¥, &
= OneWeb __ Phase Noise [\ pulse 4l Spurious An BTS

@) TD-SCDMA Transient 14
UE J\NAnaivsis o U
s san

Duplicate
rent Channel

Fig. 2-28: Measurement Modes selection window on the FSW

SHeRQielcc M= > %@

Multiview 28 Spectrum ! X SGNR 1! signal I

“| pescription
Ref Level 0 Freq 3.5GHz Mode i apture Time 20.1 ms BWP/SS Al
At c Frame Count f Frar Radio
o Frome
h = Config
e 1 Clrw 3 EVMvs Carrier

Triager/
o Signal
Capture

0 i E Parameter
E «[Estimation/
Tracki
80 de:
0.0 ms 2.01 ms/ 20.1ms 0.0 Hz
2 Result Summary ed TEVEF35Ed
Fri Averaged Mean imi Min
148.00 Ao Evaluation
Range

«| Demod

Result

147.74
4| settings

147.83
146.08

Display
‘| config

0.0 Hz

sync Failed

MKR 4 5 6

) § 2 3
RN | S m @ 0 ©
MEAS INPUT/ o B

_ v || cown | outeuT
Fig. 2-29: 5G NR measurement Mode on the FSW

LINES

I Set Frequency: 3.5 GHz as shown in Fig. 2-29

I In the Signal description window, the signal parameter of the received signal
needs to be configured
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Signal Configuration

Signal Description Radio Frame Config = Ant Port Mapping = Advanced Settings

Mode Uplink = User Defined Sets

Number of . |
Component Carriers GE gl Capiure

Deploy Frequency

Range Selt «

Physical Settings
Channel Bandwidth 100MHz -~ Sample Rate 122.88 MHz Transform Precoding Off
Bandwidth Parts Configure 1BWPs SCS 30kHz

Slot Configure Slot Format 1

PUSCH/PUCCH Configure QPSK

Fig. 2-30: Signal description configuration window in the 5G NR mode on the FSW
I Signal description settings is in Fig. 2-30,

= Set Mode: Uplink, Number of Component Carriers: 1
. Deploy frequency Range: 3GHz < f <= 6GHz
. Channel Bandwidth: 100MHz
. Bandwidth Part: 1 BWPS and SCS 30 KHz
. PDSCH/PDCCH: QPSK
= CelllD: 1
Signal Configuration o X

| signal Description ~Radio Frame Config Ant Port Mapping = Advanced Settings
Copy Frame Paste (Frame 1) Paste to all

Numeraol

4 slots per
BWP Subcarrier slots per

Spacing

Slot =

RB
#RBS  (ffser Config

60kHz Configure

| £ slots 40
Max

FFT size

Fig. 2-31: Radio Frame Configuration window in the 5G NR mode on the FSW

I From the Radio Frame Config window, the sub categories need to be configured
as shown in Fig. 2-31

I In the BWP Config sub category,

. Subcarrier Spacing: 60 KHz
= #RBs: 75, RB offset: 0
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H signal Description = Radio Frame Config Ant Port Mapping | Advanced Settings

cc1

# Frames To Selected
Configure - [ Copy Frame Paste (Frame 1) Paste to all

BWP Config Slot Config PUSCH/PUCCH Config

Bandwidth Part Number Slot Number_
# PUSCH Allocations # PUCCH Allocations _

Enhanced Number Offset Number Offset Rel. Power
Settings of RBs RB of Symb  Symb dB

ID Allecation Modulation Conflict ~

l PUSCH 64QAM

Fig. 2-32: PUSCH/PUCCH config settings in Radio Frame Configuration menu

I Fig. 2-32 shows the PUSCH/PUCCH configuration for the BWPs and needs to be
configured accordingly

Signal Description Radio Frame Config Ant Port Mapping Advanced Settings

cc1
Global Settings

Reference

Point A
R [Thed -49.32 MHz Absolute Frequency 3.4

TxBW Offset 0

Fig. 2-33: Advanced Settings configuration in Signal Description menu

I Reference point A relative to CF is -49.32 MHz as shown in Fig. 2-33

Multiview =2 Spectrum X 5GNR
Ref Level n Mode Uplink Capture Time 20.1 ms BWP Al
Frame Count (1) Frame 1
5 Power Spectrum e 1
Auto

EVM

Auto Scale
Window

Auto Scale
All

= s — T
0.0 ms 2.01 ms/ 20.1ms | 0.0Hz 5.4MHz/ 54.0MHz 0.0Hz 122.88 MHz |Restore scale
2 Result Summary 4 Alloc ID vs Symbol X Carrier Diagram Wudlesy
| i SCH 5

Auto Level

‘| config

Cag

Overview

Sync Found measuring... [[[[[[[[]] LX) 07-1%5-121933

Fig. 2-34: Measurement Display Window of the 5GNR analysis personality on the FSW

Fig. 2-34 shows the uplink measurement display of the 5G FR1 signal at 3.5 GHz. The
auto EVM can be selected to optimize the analysis of the signal. The EVM for PUSCH
64QAM is 0.23% and the DMRS PUSCH 64QAM is 0.26%.
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2.2.3 Spectrum Analysis setting on the VSE

Configuring the 5G NR measurement personality on the VSE.

Sgnal Configuation =

5G NR

Signal Description

Mode

Deploy Frequency
Range

Physical Settings

Channel Bandwidth 100MHz ~ Sample Rate 122,83 MHz Transform Precoding Off

Radio Frame Config

Advanced Settings

Uplink v

Load/Save Signal Description

3GHz < f<=6GHz ~

Bandwidth Parts

Configure 1 BWPs

5CS 60kHz

Slot Configure  Slot Format 1
PUSCH/PUCCH Configure  640AM

Fig. 2-35: 5G NR measurement Mode Signal Description configuration on the VSE

5G NR

Fig. 2-35 shows the Signal Description configuration of the 5G NR measurement

modes

= Mode: Uplink, Deploy frequency Range: 3GHz < f <= 6GHz
. Channel Bandwidth: 100 MHz

. Synchronization: SCS 60KHz

. Bandwidth Parts: 1 BWPs

. PUSCH/PUCCH: 64QAM

= CelllD:1

EE————————————————————— =

Signal Description

Radio Frame Config

# Frames To Selected
Configure Frame
BWP Config Slot Config

Advanced Settings

Copy Frame Paste Frame Paste to all

PUSCH/PUCCH Canfig

Numerology #2
4 slots per SF

- 14 symb per slot

Bandwidth 54.0 MHz

BWP 0 Prev BWP Mext BWP
Subcarrier RE Slot
&
e Spacing e Offset | Config
0 60kHz o Configure

[ remove || perratocr 2vsmnz
Total # slots 40
Max # RBs 135
- Duplicate FFT size 2048

Fig. 2-36: Radio Frame Config on the VSE
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I From the Radio Frame Config window, the sub categories (shown in Fig. 2-36)

need to be configured
I Under the BWP Config tab,

. Subcarrier Spacing: 60 KHz
= #RBs: 75, RB offset: 0

Signal Description m— Advanced Settings
# Frames To Selected
BWP Config Slot Config IMHM!EHEE.
Bandwidth Part Number 0 Slot Number l:l

Enhanced | Mumber | Offset | Mumber | Offset Rel. Power -~
Allocation Modulation Settings of RBs. RE of Symb Symb | 1dB Conflict
PUSCH 75 o 14 o 0dB

5G NR

4

Fig. 2-37: PUSCH/PUCCH configuration settings in Radio Frame Config menu
I PUSCH/PUCCH needs to be configured as shown in Fig. 2-37
. PUSCH 0, Mod: 64QAM, #RBs: 75, RB Offset: 0, #Symbols: 14, Offset

Symb: 0

[signal Contigueation ==
Signal Description Radio Frame Config EHHE E-

k_0 configured numerologies

5C5 15kHz 5CS 30kHz SCS 60kHz o T

Global Settings | | Reference Point A

Relative to CF | EEERRNIZH Absolute Frequency 3.45068 GHz

5G NR

Fig. 2-38: Advanced Settings configuration

I Reference point A : Relative to CF is -49.32 MHz as shown in Fig. 2-38
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[z
- __________________________EE=2N =

Fig. 2-39: Measurement Display Window of the 5GNR analysis personality on the FSW

Fig. 2-39 shows the measurement display of the 5G FR1 uplink signal at 3.5 GHz. The
EVM for PUSCH 64QAM is 0.26%.
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Measurement result for FR1 & FR2 signals

3

3.1

3.1.1

Measurement result for FR1 & FR2 signals

This chapter is a summary of the measurement results for the signal quality of the
generated 5G NR uplink and downlink signals. The signals are centered at 3.5 GHz in
the FR1 band and at 26 GHz in FR2 band. The same signal has been used and the
measurement result are analyzed using the FSW on device software as well as the
VSE signal analysis software. The measurements are performed for both uplink and
downlink signals.

FR1 Measurement Results

This chapter is a summary of the measurement results for the signal quality of the
generated 5G NR uplink and downlink signals. The signals are centered at 3.5 GHz in
the FR1 band and at 26 GHz in FR2 band. The same signal has been used and the
measurement result are analyzed using the FSW on device software as well as the
VSE signal analysis software. And is the case for both uplink and downlink signals.

FR1 DL Measurement result on the FSW

Signal Description:

Frequency: 3.5 GHz (Downlink); Bandwidth: 100 MHz

SC spacing: 30 KHz NCP, RB offset: 80, SC offset: 6, Case: B, Position: 1100 0000
BWP 1: indicator 0 with SC spacing: 30 KHz, no RBs: 30 & RB offset: 135, Mod: QPSK
BWP2: indicator 1 with SC spacing: 60 KHz, no RBs: 35 & RB offset: 0, Mod: 64QAM

=20 dBm

-40 dBm

0.0 0 0 0.0 8.28 0.0
Alloc ID 0 e 0 e on D
555 PBCH
BCHDMROSCH DR

Fig. 3-1: Measurement Results of the 5GNR FR1 downlink signal at 3.5 GHz on the FSW

Fig. 3-1 shows the measurement display of the 5G FR1 downlink signal at 3.5 GHz.
The auto EVM can be selected to optimize the analysis of the signal. The EVM for
PDSCH QPSK is 0.62% and PDSCH 64QAM is 0.62%.
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3.1.2

FR1 DL Measurement result on the VSE

Signal Description:

Frequency: 3.5 GHz (Downlink); Bandwidth: 100 MHz

SC spacing: 30 KHz NCP, RB offset: 80, SC offset: 6, Case: B, Position: 1100 0000
BWP 1: indicator 0 with SC spacing: 30 KHz, no RBs: 30 & RB offset: 135, Mod: QPSK
BWP2: indicator 1 with SC spacing: 60 KHz, no RBs: 35 & RB offset: 0, Mod: 64QAM

F5GNR
Ref Level -5.00 dém  Freq 3.5 Ghz ownink, 100 Mz~ Capture Time 20.1ms  BWP/SS Al

Frame

eicw 5 1

A

Fig. 3-2: Measurement Results of the 5GNR FR1 downlink signal at 3.5 GHz on the VSE

Fig. 3-2 shows the measurement display of the 5G FR1 downlink signal at 3.5 GHz.
The auto EVM can be selected to optimize the analysis of the signal. The EVM for
PDSCH QPSK is 0.69% and PDSCH 64QAM is 0.61%.
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Measurement result for FR1 & FR2 signals

3.1.3

FR1 UL Measurement result on the FSW

Signal Description:

Frequency: 3.5 GHz (Uplink); Bandwidth: 100 MHz
SC spacing: 60 KHz NCP, No. RBs: 75, RB offset: 0
BWP 0, Allocation: 1, Sub carrier spacing 60 KHz NCP, content: PUSCH, Map format: A, Slot : 0, No Sym: 14, Mod: 64QAM

MultiView &8 Spectrum X 5GNR X
Ref Level -6 n Mode Uplink, Capture Time 20.1 ms BWP Al
3 Frame Count ( Frame 1
5 Power Spectrum e 1 Clry
Auto

EVM

Auto Scale
Window

Auto Scale
All

= i —
0.0 ms 2.01 ms/ 20.1ms| 0.0Hz 5.4MHz/54.0MHz 0.0Hz 122.88 MHz |Restore scale

2 Result Summary 4 aAlloc ID vs Symbol X Carrier 6 Constellation Diagram Window
il SCH DMRP e & 5l

Auto Level
Config

“

Cug

Overview

e

7 07.05.2019

Sync Found Measuring... 10:11:07

Fig. 3-3: Measurement Results of the 5GNR FR1 uplink signal at 3.5 GHz on the FSW

Fig. 3-3 shows the measurement display of the 5G FR1 uplink signal at 3.5 GHz. The
auto EVM can be selected to optimize the analysis of the signal. The EVM for PUSCH
64QAM is 0.23%.
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3.14

FR1 UL Measurement result on the VSE

Signal Description:

Frequency: 3.5 GHz (Uplink); Bandwidth: 100 MHz
SC spacing: 60 KHz NCP, No. RBs: 75, RB offset: 0
BWP 0, Allocation: 1, Sub carrier spacing 60 KHz NCP, content: PUSCH, Map format: A, Slot : 0, No Sym: 14, Mod: 64QAM

8 X
Limits_ Window _Help

PUSCH DMES BRI

i35

Measuring.

Fig. 3-4: Measurement Results of the 5GNR FR1 uplink signal at 3.5 GHz on the VSE

Fig. 3-4 shows the measurement display of the 5G FR1 uplink signal at 3.5 GHz. The
auto EVM can be selected to optimize the analysis of the signal. The EVM for PUSCH
64QAM is 0.26%.
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Measurement result for FR1 & FR2 signals

3.2 FR2 Measurement Results

3.2.1 FR2 DL Measurement result on the FSW

Signal Description:

Frequency: 26 GHz (Downlink); Bandwidth: 100 MHz

SC spacing: 120 KHz NCP, RB offset: 23, SC offset: 0, Case: D, Position: 1100 0000 ...

BWP 1: indicator 0 with SC spacing: 120 KHz NCP, no RBs: 45 & RB offset: 0, Mod: 64QAM

X  5GNR2

X 5GNR

Spectrum

&
o
£
=
@
g
3
=
a
w
<

Hz

Frame Count

0 5 Power Spectrum

3E¥YMvs C

Auto

EVM

Auto Scale

Window

Auto Scale

0.0 Hz

s | 0.0Hz 9.5MHz/ 95.04 MHz

4 Alloc ID vs Symbol X Carrier

122.88 MHZ |Restare Scale

Window

6 Constellation

Result Summary

PBCH

PECH DMRSSCH DMRPDS

Frame Results Averaged

Auto Level

Qverview

17:13:06

77 06.05.2019

x|

LTI

Measuring...

sync Found

Fig. 3-5: Measurement Results of the 5GNR FR2 downlink signal at 26 GHz on the FSW

5 shows the measurement display of the 5G FR2 downlink signal at 26 GHz.

Fig. 3-

The EVM for

The auto EVM can be selected to optimize the analysis of the signal.

PDSCH 64QAM is 0.79%.
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Measurement result for FR1 & FR2 signals

3.2.2

FR2 DL Measurement result on the VSE

Signal Description:

Frequency: 26 GHz (Downlink); Bandwidth: 100 MHz
SC spacing: 120 KHz NCP, RB offset: 23, SC offset: 0, Case: D, Position: 1100 0000 ...
BWP 1: indicator 0 with SC spacing: 120 KHz NCP, no RBs: 45 & RB offset: 0, Mod: 64QAM

- a x
Limds _Window _ Help
PO F e AT % B BEEEC X BEL.S K7 |

Freq 260GHz  Mode Dawl MHz  Capture Time 20.1 ms  BWP/SS All

LY.

Frame Count ) Frame

9.5 MHz/

FECH DMRS FOSCH DMRS P D

Fig. 3-6: Measurement Results of the 5GNR FR2 downlink signal at 26 GHz on the VSE

Fig. 3-6 shows the measurement display of the 5G FR2 downlink signal at 26 GHz.
The auto EVM can be selected to optimize the analysis of the signal. The EVM for
PDSCH 64QAM is 0.77%.
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Measurement result for FR1 & FR2 signals

3.2.3

FR2 UL Measurement result on the FSW

Signal Description:

Frequency: 26 GHz (Uplink); Bandwidth: 100 MHz
SC spacing: 120 KHz NCP, No. RBs: 66, RB offset: 0
BWP 0: Allocation: 1, SCS 120 KHz NCP, content: PUSCH, Map format: A, Slot: 0, No Sym: 10, No. RB: 35, Mod: 16QAM

MultiView =2 Spectrum X | 5G NR Signal
< Description
Ref Level -2 z Mode Upl Capture Time 20.1 ms BWP all
Frame Count (1) Frame Radio
Frame
Config

Trigger/
Signal
Capture

- o6 Parameter
59 4‘Eslimatinn/
| Tracking
/ 20.1

.8MHz | 0.0 Hz 122.88 MHz

2 Result Summary i r 6 Constellation Diagram
Frame Results Averaged Mean Limit

40 ey

Il VI

0.0ms .01 ms,
“ Demod

EVIM PL ) Evaluation
4 Range

Result
< Settings

Display.

<" config

Farg

Overview

Sync Found Measuring... [[[[11[[]] (x| R

Fig. 3-7: Measurement Results of the 5GNR FR2 uplink signal at 26 GHz on the FSW

Fig. 3-7 shows the measurement display of the 5G FR2 uplink signal at 26 GHz. The
auto EVM can be selected to optimize the analysis of the signal. The EVM for PUSCH
16QAM is 0.69%.
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3.2.4 FR2 UL Measurement result on the VSE

Signal Description:

Frequency: 26 GHz (Uplink); Bandwidth: 100 MHz
SC spacing: 120 KHz NCP, No. RBs: 66, RB offset: 0
BWP 0: Allocation: 1, SCS 120 KHz NCP, content: PUSCH, Map format: A, Slot: 0, No Sym: 10, No. RB: 35, Mod: 16QAM

i

Fig. 3-8: Measurement Results of the 5GNR FR2 uplink signal at 26 GHz on the VSE

Fig. 3-8 shows the measurement display of the 5G FR2 uplink signal at 26 GHz. The
auto EVM can be selected to optimize the analysis of the signal. The EVM for PUSCH
16QAM is 0.79%.
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4 Advanced Measurement Methods

4.1 Phase Noise

Wireless communication at mmW frequencies provide many challenges. Phase noise
effects are very significant at those frequencies. The two type of errors due to phase
noise are Common Phase Error (CPE) and Inter-Carrier Interference (ICI).

ICl is addressed through wider subcarrier spacing (SCS): Data and control channel
could utilize 60 or 120 KHz and synchronization Signal Block (SSB) can utilize the 120
or 240 KHz.

The CPE is addressed by adding Phase Tracking Reference Signal (PTRS). The
PTRS is optional in the standard and can be applied both in the downlink and as well
in the uplink. This should be implemented in the receiver to compensate for the CPE.
Nevertheless, in order to emulate the phase noise in the development phase, in the
AWGN block of the SMW, there is a configurable sub block for Phase Noise.

AWGN Settings A — X

@ Noise Power / Output Results |8l Impulsive Noise | I 2 EEEGES _
: |

State

@ Load Save
Profile Profile
SSB Shape Profile
User
f/Hz a /dBc/Hz
1 100 65.00)
2 1000 -75.00)
3 10000 -77.00)
4 100 000 -85.00)
5 1000 000 -110.00
10000 100000 1000000
f/Hz

Fig. 4-1: Phase noise configuration window on the SMW vector signal generator

Fig. 4-1 shows the window to configure phase noise. On the right side of this window,
there is a numerical representation model and on the left side, there is a graphical
representation model.

The frequencies and the corresponding phase noise parameters can be adjusted here.
The profile can be saved and loaded here. After activation, the current signal quality
will be adjusted with the controlled phase noise setting. This enables the testing of
performance of the DUT behavior under different emulated phase noise settings.
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411

Performance check of PTRS signals

For this example, a 100 MHz, 64QAM signal 5G NR signal is configured on the
SMW200A. The downlink signal has no PTRS active for PDSCH and has a single
symbol PDSCH DMRS. With the Phase Tracking ON (3GPP Definition) on the FSW,
the corresponding EVM measurement result -40.85 dB is shown in Fig. 4-2.
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Fig. 4-2: EVM measument with no PTRS active on 100MHz 5G NR DL signal at 28 GHz

No change in measurement result is observed with phase tracking to OFF, as shown in
Fig. 4-3.
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Fig. 4-3: EVM measurement with no PTRS active and Phase tracking switched off on FSW

The signal in this example is almost ideal as the signal generator is connected to the
analyzer. There is actually nothing to compensate for. The using the SMW it is
possible to add phase noise to emulate a more realistic real world RF environment.
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For simplicity, the pre-defined module ‘pll1’ is loaded and set the starting point for PSD
to -55 dBc/Hz as shown in Fig. 4-4.

28.000 000 000 00 6 -10.00 ¢em
A tings A = X
w Noise Power / Output Results |8l Impulsive Noise IOl ERI W _
-20
State
J
-40 Load ') Save
Profile | S Profile l
SSB Shape Profile
20 ~
pll1
f/Hz a/dBc/Hz
-80 |
1 100 -55.00)
-100 2 1000 -66.76)
3 10 000 -81.
-120
4 100 000 -93.
T 5 1000000 113,
10 100 1000 10000 100000 1000000 10000000 1 I
f/Hz

Fig. 4-4: Phase noise configuration on the SMW

With the phase noise emulation switched ON the EVM of the signal on FSW with
phase tracking set to OFF or “EVM definition”, degrades to -26.15 dB as shown in Fig.

4-5.

IR & [ L & 7 6] m|
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Fig. 4-5: EVM measurement with no PTRS active and emulated phase noise

The Phase tracking configured to “Pilot only” on the FSW does not improve the EVM
performance of the signal as shown in Fig. 4-6:
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Fig. 4-6: EVM measurement with Phase tracking switch ON

In this case, “Pilot only” means to perform phase tracking based on the PDSCH DMRS
as no other pilot signals are configured. As PDSCH DMRS is only in OFDM symbol, of
course there is not much of a compensation possible. The compensation improves
when signals are being used on a per symbol basis. That is why the situation always
improves when the “Pilot & Payload”, because Payload is PDSCH present in this case
in every symbol and thus compensation works much better.

To see performance of PTRS, it is now clear to compare “Pilot only” case when
PDSCH DMRS and PTRS is active. Therefore, the PTRS is configured in every symbol
and every second PRB on the SMW200A and FSW. As shown in Fig. 4-7, EVM
improved by about 5 dB, -26.71 dB to -31.96 dB.
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Fig. 4-7: EVM measurement with Phase tracking switch ON

36



Advanced Measurement Methods

To prove the theory about density in time, the PTRS is configured to less symbols,
e.g. for every second OFDM symbol, the improvement is only about 2 dB compared to
PDSCH DMRS only, as shown in Fig. 4-8.
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Fig. 4-8: EVM measurement with Phase tracking switch ON

For every fourth OFDM symbol, the improvement is only about 1 dB compared to
PDSCH DMRS only, as shown in Fig. 4-9.
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Fig. 4-9: EVM measurement with Phase tracking switch ON

Phase tracking and compensation on the FSW is implemented according to 38.104,
Annex C.6 and 38.141-2, Annex L.6
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4.2

4.3

DC sub carrier

The handling of the DC subcarrier is up to the receiver implementation. In LTE, it
was specially notched out. For 5G NR, FSW offers three options of do nothing,
ignore DC and compensate. In this application note, Ignore DC configuration in the
Advanced Settings menu for Handling of Carrier Leakage was configured and is shown
in Fig. 4-10.

Signal Configuration .
Signal Description = Radio Frame Config Ant Port Mapping = Advanced Settings

cCc1

Global Settings Handling of Carrier Leakage Ignore DC

Transform Precoding None

Reference \ B P——
Point A ClH ¢ ure gnore

Hopping Compensate
RF U
Phase Compensation

f_0=

e _

Fig. 4-10: Configuration of the Advanced Settings menu

IF overload, Optimized EVM and Crest Factor

In order to alleviate IF overload and optimize EVM, Auto Level and Auto EVM could be
used as shown in Fig. 4-11 .

The Auto level automatically determines the ideal reference level. The automatic
leveling process measures the signal and defines the ideal reference signal for the
measured signal. Auto Level will also optimize RF attenuation.

The Auto EVM adjusts the amplitude settings to achieve the optimal EVM using the
maximum dynamic range. This routine measure the signal several times at various
levels to achieve the best results.
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4.4

MultiView =8 Spectrum

2.0ms/

INPUT/
CONFIG ' OUTPUT

Fig. 4-11: Auto Set configuration window
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Capture time and Tigger setting

Trigger/Signal Capture

Signal Capture Trigger

Sample Rate 122.88 MHz

Long Capture On Off

Swap 1/Q On

Overall Frame Count On Off

According to Standard
Manually

Fig. 4-12: Signal and Trigger configuration window

Set Number of Frames to Analyze

Number of Frames to Analyze

Max Number of Slots
per Frame to Analyze

Trigger/Signal Capture

Signal Capture Trigger
Trigger Source Trigger In/Out Segmented Capture
Source IF Power

Level 1.0 dBm

Offset Slope Rising Falling

Hysteresis 3.0dB Holdoff

In order to analyze the signal faster and only the part of the signal that is of interest,
i.e. for signal capturing length less than the default 20.1ms, the settings can be
configured for the Trigger and Signal capture window as shown in Fig. 4-12. The
capture time can be set as desired (for example here is set to 5 ms). The trigger
source is set as IF power and the corresponding IF power lever and time offset is

configured as shown.
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Trigger/Signal Capture

Signal Capture Trigger

Trigger Source | Trigger InfOut Segmented Capture
State On Off

Events

Trigger Offset -1.0 ms

Segment Length ISR

Fig. 4-13: Segmented Capture configuration window

In order to measure and analyze a particular section of the frame, the segmented
capture window can be configured and the segment length can be predefined and
analyzed. The settings are shown in Fig. 4-13 and segment length of 5ms is shown in
the example.

Parameter/ Estimation Tracking

In order to optimize and compensate measurement results for various errors, the
parameter/estimation tracking feature can be used. The channel estimation can be
configured for Pilot and payload, linear interpolation or according to the 3GPP EVM
specification. As a measure of good practice for the channel estimation setting, the
pilot and payload can be configured, which performs the channel estimation by
examining both the reference signal and the payload resource elements. The linear
interpolation can also be configured but in this case, the channel estimation is
performed by interpolating the missing information.

Parameter Estimation/Tracking
Paramete

Channel Estimation Pilot and Payload

Channel Estimation Time Averaging per Allocation

Tracking

Phase Tracking EVM 3GPP Definition
Iy rameter

Gain Imbalance /
Quadrature Error

Fig. 4-14: Parameter Estimation/ Tracking menu configuration

Fig. 4-14 shows the tracking configuration menu. The channel estimation time
averaging can be performed for each allocation or every 10ms according to the 3GPP
definition. For phase tracking, there is a possibility of choosing between 3 options.
Phase tracking with "pilot only" will enable phase estimation using only the reference
signal. The "Pilot and Payload" option uses the reference and the payload resource
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4.6

elements for phase estimation and lastly the 3GPP EVM Definition is according to the
3GPP specification.

Slot Allocation and Slot format

5G NR supports FDD and TDD in the duplex mode.

Slot formats are a fundamentally new concept in 5G NR. Unlike LTE, 5G NR doesnot
have defined UL-DL configurations. In 5G NR there are 62 different slot formats
defined. They help to realize different downlink and uplink allocations, particularly in
time division duplex (TDD) mode.

Based on an example with 120 kHz subcarrier spacing, the chapter explains some
unique characteristics compared to TD-LTE, such as the mismatch between required
periodicity and subframe duration.

FDD uses only slot format "0" (downlink) or slot format "1" (uplink) which is dependent
on direction. In case of TDD, the information is provided via RRC signaling or by
Downlink Control Information DCI (Slot format indicator) transmitted on PDCCH.

As an example, for FR2 TDD-UL-DL configuration,

. SCS: 120KHz, Periodicity (ms): 1.25, NrDL slots: 7, NrDL Sym: 6, NrUL slots:
2 and NrULSym: 4
Based on this information,

Subframe #0 [1 ms) Subframe #1 Subframe #2

- - -a L)

125ms 125ms

DDDDDDF F F F TR RERSTINE

Fig. 4-15: Slot allocation for FR2 TDD-UL-DL 5G NR configuration

A slot is 14 symbols and Subframe is 1ms. However, the periodicity is 1.25ms. This
means the subframe boundaries and periodicity do not align and makes signal
configuration more challenging. The flexible special slot in Fig. 4-15 contains 6 DL
symbols, followed by 4 flexible symbols and 4 UL symbols.
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4.7 Generate and analyze 5G NR TDD signals

In this chapter, the generation of the uplink portion of a 5G NR TDD signal is
explained. The 5G NR signal uses a subcarrier spacing of 120 kHz by applying a
periodicity of 1.25 ms and is generated with the SMW vector signal generator. Detailed
signal analysis is performed using the FSW signal and spectrum analyzer. Fig. 4-16
shows the TDD frame structure.

Subframe #0 [1 ms) Subframe #1 Subframe #2

- -a

-

125ms 125ms

pooobobofUilioonono oo oo o[
DDDDODODF F F F N EERSRSE

Fig. 4-16: 5G NR Uplink TDD frame structure

The configuration steps are explained for setting up the frame structure shown in Fig.
4-16. The frame comprises of 2 subframes. In the first subframes, slot #7 is special slot
with 6 DL symbols, 4 blank symbols and 4 UL symbols. The second sub frame has 2
UL slots (slot #2 & #3) and slot #1 is a special flexible slot.

4.7.1 Signal Generator configuration

26.000 000 000 00 . -15.00 ¢sm

5G New Radio A: Scheduling Settings X

| S 15 -

e Y e R T i s o e e

v

v - Config...

Config...| 0.00

Fig. 4-17: Subframe 0 configuration for 5G NR TDD UL

Fig. 4-17 shows the signal generation configuration of the first subframe. In this case,
the first 7 DL slots are left blank. Slot #7 is configured with Map format B. Out of the 14
symbols in slot #8, the first 10 symbols are left blank and 4 UL symbols are configured
with a symbol offset of 10 symbols.
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cheduling Settings

Fig. 4-18: Subframe 1 configuration for 5G NR TDD UL
In the second subframe, the first two slots are UL and the rest 6 slots are all DL slots.

In this case, two PUSCH allocations are configured. Slot 0 and slot 1 are configured to
have Map format B, No of symbol 14 and symbol Offset 0. The modulation of the UL

5G New Radio A (U0/B0/A1 )PUSCH Settings

DMRS |Antenna Ports

‘ PUSCH Type

DCI Format 0_1-{
ﬂ Number of Physical Bits

Modulation
16QAM

Fig. 4-19: Modulation configuration for 5G NR TDD UL signal

can be configured as shown in Fig. 4-19. For subframe 1, the two PUSCH UL slots
are configured with 16QAM modulation scheme.

5G New Radio A: Scheduling Settings X

N - (- =

v

v 3 Config...
PUSCH 1 B 4 10 66 0 |Config...| 0.00 off
PUSCH 2 B 14 0 66 0 |[Config...| 0.00 off
PUSCH 3 B 14 0 66 0 |Config...| 0.00 off

Fig. 4-20: Subframe 2 configuration for 5G NR TDD UL

Fig. 4-20 shows the configuration of the subframe 2. Here there are 3 PUSCH
allocations. Slot O is a special slot with 4 UL symbols at 10 symbol offset. Slot 1 and 2
are 14 symbol UL with no symbol offsets.

5G New Radio A (U0/B0/A2 )PUSCH Settings

TxScheme|DMRS | Antenna Ports

PUSCH Type #

DCI Format 0_1

Modulation -H Number of Physical Bits
64QAM

64 15;‘

Fig. 4-21: Modulation configuration for 5G NR TDD UL signal

Fig. 4-21 shows the modulation configuration of subframe 2. The 2 UL slots are
configured with 64QAM modulation.
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4.7.2 Spectrum Analyzer Configuration

For the slot configuration on the FSW, each slot allocation needs to be individually
configure. 3 subframes have a total of 24 slot allocations. The special slots are
numbered 8 and 18. The UL slots are numbered 9, 10, 19 and 20.
signal Configuration N ) h_4
Signal Description Radie Frame Config Ant Port Mapping Advanced Settings
cC1
E :ﬁ&'ﬁ; e Eg?ﬁg-“d Copy Frame Paste (Frame 1) Paste to all
BWP Config Slot Config PUSCH/PUCCH Config
Bandwidth Part Number SRS Settings

) SN N
Selected slor_u PrevSlot  Next Slot ("E;F\e'ﬁﬁ"ém;ﬁ:gg'}e S'Ofbm Copy

SF Slot Slot Slot PUSCH Repeated Ref

Number MNumber Allocation Format  Allocations  Slot No Signals Paste (Slot 8)

Unused Paste to all

Data Configure
Periodicity 10ms

Data Configure 10.0 ms

Data Configure 80 slots in

Unused FreEef

Unused Slot Config

Fig. 4-22: Radio Frame Slot configuration for TDD UL

Fig. 4-22 shows the slot configuration for the TDD UL 5G NR signal analysis on the
FSW. In the slot configuration menu,

. First of all, reset Slot config

= Set 80 User Configurable Slot (This value needs to be 24 or higher)

. Set Slot 0 as unused and copy & paste to all of the 8 slots.

. Now configure only the Special and UL slots individually with data allocation
. Slot 8, 18 are special slot and Slot 9, 10, 19, 20 are UL slots

Configuring the special slots, Slot #7
. Hit Configure on the PUSCH allocation column (shown in Fig. 4-23)
. Next in the configuration window , go into enhanced setting
= Select the DMRS Mapping format: PUSCH start (B) as shown in Fig. 4-24
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Signal Description = Radio Frame Config Ant Port Mapping Advanced Settings

cC1

# Frames To Selected - "
Configure FrEmE 1 Copy Frame Paste Frame Paste to all

BWP Config Slot Config PUSCH/PUCCH Config

Bandwidth Part Number SRS Settings

Selected Slot Prev Slot Next Slot z;fg;ﬁ(gﬂgmﬁgl)e 3k m Copy

SF Slot Slot Slot PUSCH Repeated Ref - P Slot 20
Number Number Allocation Format Allocations  Slot No Signals aste (Slot 20)
U

Unused Paste to all

Unused

Periodicity 10ms
Unused 10.0 ms

Data Configure i
80 slots in

Data Configure
Reset

Data Configure Slot Config

uplink uplink uplink uplink uplink uplink uplink uplink uplink uplink uplink uplink uplink uplink

Fig. 4-23: 5G NR TDD UL slot configuration

PUSCH Enhanced Settings

PUSCH DMRS Config Phase-tracking RS Config (PTRS) = Scrambling/Coding

Config Type

Layers/Codewords

First DMRS symb rel to "
(Mapping Type) PUSCH start (B)

First DMRS Symb N i
(Type A Pos) * Antenna Ports

DMRS Add Position Index 0O ~ CDM groups w/o data 1

DMRS Length

Sequence Generation N_ID~CELL -

Rel Power (to PUSCH) 0.0dB

Fig. 4-24: PUSCH enhanced settings configuration window
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Signal Configuration :

Signal Description = Radio Frame Config Ant Port Mapping Advanced Settings

cC1

# Frames To Selected " _
Configure o Copy Frame Paste Frame Paste to all

BWP Config Slot Config PUSCH/PUCCH Config

Bandwidth Part Number Slot Number_
# PUSCH Allocations = PUCCH Allocations _

ID  Allocation \,C‘\Z‘r?jd_ei Modulation Enhanced MNumber Offset Number Offset Rel, Power

Settings of RBs RB of Symb  Symb /dB Conflict

PUSCH 1/1 QPSK 0 dB

Fig. 4-25: PUSCH/ PUCCH configuration window for the special slot

Fig. 4-25 shows the PUSCH configuration for the special slot.

. Modulation: QPSK

. # of symbol: 4

. Offset Symbol: 10

. Copy and paste slot 8 to slot 18 as shown in Fig. 4-22

Signal Description = Radio Frame Cenfig Ant Port Mapping Advanced Settings

CcC1

# Frames To Selected - .
iR Frame Copy Frame Paste (Frame 1) Paste to all

BWP Config  Slot Config PUSCH/PUCCH Config

Bandwidth Part Number Slot Number_
# PUSCH Allocations # PUCCH Allocations_

D allocation Code Modulation Enhanced Number Offset Number Offset Rel. Power

Word

PUSCH 1/1 16QAM

Fig. 4-26: PUSCH/ PUCCH configuration window for the UL slot (9 and 10)

Settings of RBs RB of Symb  Symb /dB Conflict

Fig. 4-26 shows the PUSCH configuration for the UL slot (9 and 10).

. Modulation: 16QAM

= #of symbol: 4

. Offset Symbol: 10

. Copy and paste slot 9 to slot 10 as shown in Fig. 4-22
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cCc1

# Frames To Selected - -
RS Frame Copy Frame Paste Frame Paste to all

BWP Config Slot Config PUSCH/PUCCH Config

Bandwidth Part Number Slot Numl)er

5 Code 5 Enhanced Number Offset Number Offset Rel. Power A
ID  Allocation Word Modulation Settings of RBs RB of Symb  Symb /dB Conflict

PUSCH | 1/1 64AM

Fig. 4-27: PUSCH/ PUCCH configuration window for the UL slot (19 and 20)

Fig. 4-27 shows the PUSCH configuration for the UL slot (9 and 10).

. Modulation: 64QAM

. # of symbol: 4

. Offset Symbol: 10

. Copy and paste slot 19 to slot 20 as shown in Fig. 4-22

The spectrum analyzer is now properly configured to measure the complex 5G NR
TDD UL signal as described at the start of this chapter. Fig. 4-28 shows the
measurement results of the signal at 26GHz. The EVM of the QPSK slots are 0.85%,
16QAM signals are 0.87% and 64QAM signals are 0.87%.

MultiView == Spectrum X 5GNR

Ref Level 0G Mode Upi Capture Time 2

Frame Count 0 Frame Auto

Level
3 EVM vs Carrier g Mi 4 Alloc ID vs Symbol X Carrier

[ Auto
EVM

Auto Scale
Window

Auto Scale
All
e Ty ey
0.0ms 2.0ms/ 20.0ms 0.0 Hz 9.5 MHz/ 95.04 MHz Restore Scale
2 Result Summary “Heraged 5 Power Spectrum - Window

Auto Level

‘| config

0.86
0.87
0.88 P B B
-250.63 | Cm "
-46.39 \

Overview

F
E
E
S
E
E
E
S
E
E
E
S
E
E
Fi
[’
I/

122.88 MHz_

sync Found « | Measuring... [TTI[II]] ) 2400

Fig. 4-28: Signal quality Measurement results of 5G NR TDD UL signal at 26GHz
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4.8 Evaluation Range and Display setting

In order to analyze with higher granularity and look at a specific part of the 5G NR
signal, the FSW offers the flexibility to analyze only the segment of interest. Fig. 4-29
shows the configuration window of the Evaluation Range. From this menu, any specific
BWP, Subframe, Slot, modulation type or Symbol can be selected for analysis. Thus
making the measurement faster.

Global/Constellation

Global

Frame
BWP
Subframe

Slot
ellatiol
Modulation
Allocation PUSCH 0O

Symbol All

Carrier

Result Settings = Table Config

Trigger/

CC Result q c?a'gﬂ?r'e

Parameter

4| Dpemad

Evaluation
q Range
Result
q Settings

Display
| config

Specifics for 7: EVM vs Symbol
| B3 B

""‘1‘,[_1] D2k (—Pad
Y 1 .
Overview

8.26 ps/ 115.7 ps

syne Found - Measuring... [[ITI[11T] ) Z 0z

Fig. 4-30: Result setting configuration menu for EVM vs symbol measurements

Fig. 4-30 shows the configuration window of the Results settings menu.
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é\ sgvl k') 0 ﬂ GCINR
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Frame Radio
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SR - messuing.. [[[[[[[[] [ 2510203

Fig. 4-31: EVM Vs Symbol measurement for a specific part of the signal

Fig. 4-31 shows the EVM VS symbol measurement results of only slot 19 in subframe
2 with 64QAM modulation.

S @ cvaluatonrange @ X [H B 8 % (@ | e

x Signal
4| pescription
Jplink, iHz ~ Capture Time
) Frame Radio
o Frame

- Config
4 Alloc ID vs Symbol X Carrier

PUSCH DMRS

Trigger/
Subframe q sigggnal
Gapture

Slot Parameter
imation/
Tracking

0.0 ms 9.5 MHz/ 95.04 MHz
2 Result Modulation 16QAM 5 Power S;') O 7 EVM vs Symbol 6 Constellation Dia.
D2[1] 10 % L
17.800 ps -7 “ Ewaluation
Allocation PUSCH O M1[1] 0.85 % Range
89.000 ps

4| Demod

Result
Symbol All q Settings
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Fig. 4-32: EVM Vs Symbol measurement for a specific part of the signal

Fig. 4-32 shows the EVM VS symbol measurement results of only slot 18 in subframe
2 with 16QAM modulation.
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5 Ordering Information

Designation Type Order No.
Signal- and Spectrum Analyzer 2 | R&S®FSW43 1331.5003.43
Hz to 43 GHz

OCXO, precision frequency R&S®FSW-B4 1313.0703.02
reference

Resolution bandwidth >10MHz R&S®FSW-B8 1313.2464.02

(HW opt.)

High pass filter (SL)

R&S®FSW-B13

1313.0761.02

Digital Baseband Interface (SL)

R&S®FSW-B17

1313.0784.02

SSD 128 GB, with FW, for IPC11
CPU board, Win 10

R&S®FSW-B18

1313.0790.10

RF preamplifier, 30dB, 100kHz to
43GHz

R&S®FSW-B24

1313.0832.43

Extension to 160 MHz signal
analysis bandwidth

R&S®FSW-B160

1325.4850.14

3GPP 5G-NR DL Measurements

R&S®FSW-K144

1338.3606.02

3GPP 5G-NR UL Measurements

R&S®FSW-K145

1338.3612.02

Vector signal generator, base unit

R&S®SMW200A

1412.0000.02

Frequency range: 100kHz to
40GHz, for RF path A

R&S®SMW-B140

1413.0604.02

Frequency range: 100 kHzto 7. 5
GHz

R&S®SMW-B207

1434.7350.02

Baseband main module, one 1/Q
path to RF section (

R&S®SMW-B13

1413.2807.02

Baseband generator with realtime
coder and ARB

R&S®SMW-B10

1413.1200.02

5G New Radio R&S®SMW-K 144 1414.4990.02
VSE BASIC EDITIION (PR) VSE 1345.1011.06
License dongle for PC software FSPC 1310.0002.03
3GPP 5G-NR DL/UL VSE-K144 1309.9574.06

Measurements
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