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VSG and VSA: Fundamentals and Applications

A Vector Signal Generator (VSGQG) 1s used to create complex modulated signals for
testing wireless systems.

A Vector Signal Analyzer (VSA) captures and analyzes these signals to evaluate
system performance and validate designs.
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Trends in
Wireless Comm. Systems

Wi-F1 6/7 System Parameters

5G NR Bandwidth Configuration

TS 3GPP TS 38.101-2, V15.2.0, Table 5.3.2-1: Maximum transmission bandwidth configuration

Nrs
SCS (kHz) 50MHz 100MHz 200MHz 400 MHz
Nrs Nrs Nrs Nrs
80 66 132 264 N.A
120 32 66 132 264

TS 38.101-2, V17.6

Table 5.3.2-1: Maximum transmission bandwidth configuration Ngs

SCS (kHz) | 50 MHz 100 MHz | 200 MHz | 400 MHz | 800 MHz | 1600 MHz | 2000 MHz
Nre Nre Nrs Nre Nrs Nrs Nrs
60 66 132 264 N/A N/A N/A N/A
120 32 66 132 264 N/A N/A N/A
480" N/A N/A N/A 66 124 248 N/A
960! N/A N/A N/A 33 62 124 148
Note 1: This SCS is optional in this release of the specification.

https://www.anritsu.com/zh-tw/test-measurement/solutions/wireless-lan/wi-fi-7?click-from-wireless-lan-solutions

IEEE 802.11 802.11ax 802.11be
EHT
Transmission HE (Bdreme Hiah
Vector Format (High Efficiency) Throlighput) 2
Definition 2021 Planned in 2024
24GHz @V v
Freq. 5 GHz v v
6 GHz Vv v
Bandwidth
20/40/80/160/80+80 | 20/40/80/160/320
[MHZz]
Maximum
throughput rate 9.6G 30G or more
(bps]
BPSK BPSK
QPSK
QPSK
) 16QAM
Modulation 16QAM 64QAM
scheme 64QAM
256QAM
256QAM
1024QAM 1024QAM
4096QAM
8 Stream 16 Stream
Stream
OFDMA OFDMA
RU RU Multi RU
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Detachable 3-layer Architecture of an SDR-based
Signal Tester
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Detachable 3-layer Architecture of an SDR-based
Signal Tester
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Core 5G NR VSG/VSA Software

5G NR FR1/FR2 UL/DL VSG 5G NR FR1/FR2 UL/DL VSA

= 3GPP TS 38.211/212/213 m Design est./sync./eq. algorithms

= 3GPP TS 38.141-1/38.141-2/38.521-1/38.521-2
5G DL VSG 5GDLVSA [ wc | [rowwmm] [ = |
t J

PDCCH REG
R Scrambling —— Modulation — mapper —— CCE —— CORSET vinl YIH
i .
Slot timing sync. Coarse CFO Frame timing CP removal
est. & comp. sync. & FET
PDCCH DMRS
S — DMRS CCFO
Scrambling ID | generation
4 > CFO
PDsCH Layer mappin Antenna port [ REFO
—————— Scrambling —— Modulation Y pp 9 h P
Coded Bits & precoding mapping TX IQI and DC
. Channel SCO R TX IQI
Phase tracking [— > —» offsetest. & »
est. & comp. est. & comp comp DC offset
PDSCH DMRS DMRS RE IFFT/ x[n]
scramblingD | generation Mapper CP insertion l l I
o] [ ]
———— Scrambling Modulation
Coded Bits PBCH Demeod.
PSS—> PN sequence Cyclic shift SSB EVM
NP - 042 q (0,43,86)
> PDSCH Demed
ss8 | PN sequence Cyclic shift
N —0,...,335 (m0,m1)
PDCCH Demod.




1 ~
(Bl — s
EVM (%) =

5G NR Conformance Test Specification ERTENT

x 100

A
. . . . O Measured constellation
TS 38.141-1 Base station (BS) conformance specification (conductive)
TS 38.141-2 Base station (BS) conformance testing (OTA) Error vector phase&-‘% %?/
%
TS 38.521-1 User equipment (UE) conformance specification (conductive) 3 f”k
<
. . . : Error vectc
TS 38.521-2 User equipment (UE) conformance specification (OTA) L0 s rrorveetor
w\é\ . “_gd /\,\/9] O magnitude error
} S/ g
- 6 Transmitter characteristics —> - 6.4 Transmit signal quality
- 6.1 General - 6.4.1 Frequency error AN p — > 1
- 6.2 Transmitter power - 6.4.2 Transmit modulation quality 10 phase error I error
- 6.3 Output power dynamics - 6.4A Transmit signal quality for CA _ . .
- 6.4 Transmit signal quality - 6.4B Transmit signal quality for NR-DC - 6.4.2 Transmit modulation quality
- 6.5 Output RF spectrum emissions - 6.4C Transmit signal quality for SUL > - 6.4.2.1 Error Vector Magnitude
- 6.4D Transmit signal quality for UL MIMO - 6.4.2.1a Error Vector Magnitude including symbols with transient perioc
- 6.4E Transmit signal quality for V2X -6.4.2.2 Carrier 1331(?8?
- 6.4F Transmit signal quality for shared spectrum channel access ~ ~ 0-4-2-3 In-band emissions
- 6.4G Transmit signal quality for Tx Diversity - 6.4.2.4 EVM equalizer spectrum flatness .
- 6.4H Transmit signal quality for CA with UL MIMO - 6.4.2.5 EVM equalizer spectrum flatness for Pi/2 BPSK
- 6.4.2.6 Phase continuity requirements for DMRS bundling
- 6.5.2.2 Spectrum emission mask -

8

Q. SP Lab.

Communication Signal Processing Lab .,YZU

" - 6.5.2.4 Adjacent channel leakage ratio




CSP 5G NR VSA GUI

Instrument Setting

Central frequency :

70 - 6000 MHz (mmW ready)
Rx. Gain :

0-40 (dB)

Capture time :

10 - 25 (ms)

Channel Setting

DL : SSB/PDCCH/PDSCH/PT-RS

UL : PUCCH/PUSCH/PT-RS

BWP SC/RB offset

Flexible allocation (Symbol/RB/Slot)
Modulation order (Up to 256QAM)
Auto detection Cell Id

Snapshot :

Snapshot of failed EVM measurement

EVM :
EVM for rms (%) & Mod. format
DL:

PSS/SSS/PBCH/DMRS/PDCCH/PDSCH/PTRS

Advanced

10M Ref Clk

Comp. SCO (Samp. Clk. Offset)
Comp. CPE (Comm. Phase Error)
Symbol Phase Comp.

Parameter Setting

Direction :

Downlink/Uplink

Bandwidth (FR1/FR2):

5 - 400 MHz

Numerology (FR1/FR2):
0-3(15/30/60/120 kHz)

Test Models (DL)

TM1.1, TM1.2, TM2.0, TM2.0a,
TM3.1, TM3.13, TM3.2, TM3.3
Fixed Reference Channel (UL)
G-FR1-Al1-x, G-FR2-Al-x, G-FR1-
A2-x, ...

A—
4w 5P Lab.

3500.000 10 25

SSB Setting PDSCH PDCCH

S

Bandwidth  [GEIRTEEEE 4

=1 v 0 O Auto One

™3 1a v

yeos
sass :
° ®
PDCCH
PDCCH DMRS
PDSCHO
PDSCHO DMRS
b4 ®
~ - PDSCH1
+4 44 PDSCH1 DMRS

PDSCH2
PDSCH2 DMRS
PDSCH3

UL:
DMRS/PUCCH/PUSCH/PTRS
b o X
Rel. Version : 2.2
0
20 &3
ms (%) v
ms (%) Mod.Fmt EVMR Result Unit
1.0700 QPSK m Cell ID 1
1.1900 QPSK E:] Frequecny Error 1 Hz
12100 2560AM  (Bassl Samp. Clk Offset 0.0130 ppm
1.1100 QPSK Pass 1Q Offset 0.d8
1.2400 256QAM ﬁ;' 1Q Gain Imbalance 0 d8
1.0600 QPSK &Tﬂ} 1Q Quad. Error 0 deg
0.9800 2560AM  |PASSH
05500 QPSK Pass

0.9000 2560AM  [PasSy

Summary Result :
Cell ID

Frequency error
1Q offset

1Q imbalance
SCO

Plot Result :

Constellation

Spectrum

Power vs. Time

Resource Grid

Power vs. Symbol & Carrier

-
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CSP Wi-Fi VSG/VSA

Signal Demod Setting

« Standard

+ Bandwidth (MHz) or
Rate (Mbps)

* Acq. Time (ms)

RF Setting

* Freq. (MHz)
* Gain (dB)

« Platform

Analysis Results

* Power (dBm)

*« CFO (Hz)

« EVM (dB)

* Mod

+ MCS

* Gain Imb. (dB)

* Quad. Err. (deg.)
* DC Offset(dB)

* Spectral. Flatness
+ SCO (ppm)

* SEM

#"  CSPLab Wi-Fi
A\ VSG and VSA

Signal Demod. Se“ing General Time Domain Freq. Domain

Standard ax
Bandwidth 40MHz

Acq. Time (ms)

RF Setting

Freq. (MHz)
Gain (dB)

Platform USRP X410

Results
-22.1061
[-z1108
-39.1219
1024QAM
1
Gainlmb [0.0023356
QuadErr -0.075854
DCOffset -64.3011
Spectral Flatness | Pass
sSCO -0.29828
SEM Pass

Mod. Domain

Subcarrier Index

Quadrature

In-phase

Plot

EVM vs. Symbol
EVM vs. Subcarrier
Constellation

Vo 10
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Detachable 3-layer Architecture of an SDR-based
Signal Tester
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SDR: NI/Ettus USRP X410

Wi-Fi 6/7 System Parameters

5G NR Bandwidth Configuration

SCS (kHz) 50MHz 100MHz 200MHz 400 MHz
Nrs NRrs Nrs Nre
80 66 132 264 N.A
120 32 66 132

IEEE 802.11 802.11ax 802.11be
EHT
Transmission HE (Erreme ik
Vector Format (High Efficiency) Throughput)g
Definition 2021 Planned in 2024
24GHz | v v
Freq. 5 GHz v v
6 GHz Vv v
Bandwidth
bl 20/40/80/160/80+80 | 20/40/80/160/320
[MHZz]
Maximum
throughput rate 9.6G 30G or more
[bps]
BPSK Z’I’,SS"K
S 16QAM
Modulation 16QAM 64QAM
scheme 64QAM 256QAM
s o
4096QAM
et 8 Stream 16 Stream
OFDMA OFDMA
RU RU Multi RU

A

4x TX/RX

& RF Section

FC: 1 MHZ - 8 GHZ | 480 MHZ Isw\

RF capabilities

« 4 7TX, 4 RX, independently tunable

» Superheterodyne architecture

* 1 MHzto 7.2 GHz, tunable up to 8 GHz
* Up to 400 MHz bandwidth per channel

Digital Section

\

TRIGGER IN/OUT

SUPERHET ARCHITECTURE s
AY ~N »
ZBX DAUGHTER BOARD X2
XILINX ZU28DR
ZYNQ US+ RFSOC
o—<] «——++1+—>| DAC
|0
ANALOG
OUTPUT
v b &
Q.
o—>}—>.—> ‘ #+—| ADC |¢ @% I ? [%
ax rx  f——0
ANALOG CPU STREAMING SECURITY
INPUT
g e Debug and High Speed 4GB EMMC 4GB
Timing and Synchronization GPSDO Contral Tata e 32GB Memory
REF IN 10 MHZ GPS ANTENNA 1GBE, USB 100GBE X 2
PPS IN JTAG, DIO PCIE GEN 3 X8

___3Plah.
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Sampling Rate and Bandwidth Issue

The sampling rate of a 5G NR FR2 400MHz bandwidth signal is 491.52MSps.

To enable 4 TX and 4 RX channels on a USRP X410 operating at a sampling rate of
491.52MSps, the interface must sustain a data rate of 125.82912 Gbps.

Approach
m DPDK

2

Channels and

Configuration

D P D K = RFNoC: Replay block

DATA PLANE DEVELOPMENT KIT

Sampling Rates

4 Rx +4 Tx @ 491.52 MS/s

Dual Port DPDK

4 Rx @ 491.52 MS/s

4 Tx @ 491.52 MS/s

*Port: 100GBE
*100GbE Streaming only supports Linux Hosts

https://kb.ettus.com/X410#100 Gigabit Ethernet

oo Research’

A National Instrumants Company

ChoO: Record Offset: 0
ChO: Record Size: 122.88M
Cho: Play Offset: 0

ChoO: Play Size: 122.88M
Ch1l: Record Offset: 0
Chl: Record Size: 122.88M
Ch1l: Play Offset: 0

Chl: Play Size: 122.88M
Ch2: Record Offset: 0
Ch2: Record Size: 122.88M
Ch2: Play Offset: 0

Ch2: Play Size: 122.88M
Ch3: Record Offset: 0
Ch3: Record Size: 122.88M
Ch3: Play Offset: 0

Ch3: Play Size: 122.88M

‘\ SP Lah.
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https://kb.ettus.com/X410#100_Gigabit_Ethernet

USRP X410 FPGA Image Flavor: X4 400

X4 400:

400 MHz analog bandwidth per channel

streaming to/from on-

board DRAM

using the RFNoC Record/Replay block.

x410 X4 400 rfnoc

1mage core.yml

replayO:
block_desc: 'replay.yml’
parameters:
NUM_PORTS: 2
MEM_DATA_W: 128
MEM_ADDR_W: 32

# Replay Connections

- { srcblk: ep4, srcport: outO,

- { srcblk: replay0, srcport: out_0,
- { srcblk: ep5,  srcport: outO,

- { srcblk: replayO, srcport: out_1,
- { srcblk: ep6,  srcport: outO,

- { srcblk: replay1, srcport: out_0,
- { srcblk: ep7,  srcport: outO,

- { srcblk: replay1, srcport: out_1,

replay1:
block_desc: 'replay.yml’
parameters:
NUM_PORTS: 2
MEM_DATA_W: 128
MEM_ADDR_W: 32

dstblk: replay0O, dstport:in_0

dstblk: ep4, dstport: in0O
dstblk: replay0O, dstport: in_1
dstblk: ep5, dstport: inO
dstblk: replay1, dstport:in_0
dstblk: ep6,  dstport: in0O
dstblk: replay1, dstport: in_1
dstblk: ep7,  dstport: inO

e e e e e e

https://github.com/EttusResearch/uhd/blob/master/fpga/usrp3/top/x400/x410_X4_400_rfnoc_image_core.yml

FPGA image flavor: X4_400

EP#0
Radio#0
EP#1

EP#2
Radio#1
EP#3

Replay#0
EP#6

g

EP#7

Replay#1 Vx

Static connections in design

uhd_usrp_probe result

| /

| | REFNoC blocks on this device:

| |

| | * 0/Radio#0

| | * (0/Radio#l

| | * 0/Replay#0

| | * 0/Replay#l

|

| /

| | Static connections on this device:

| |

| | * 0/SEP#0:0==>0/Radio#0:0

| | * 0/Radio#0:0==>0/SEP#0:0

| | * 0/SEP#1:0==>0/Radio#0:1

| | * 0/Radio#0:1==>0/SEP#1:0

| | * 0/SEP#2:0==>0/Radio#1:0

| | * 0/Radio#1:0==>0/SEP#2:0
| * 0/SEP#3:0==>0/Radio#1:1

* 0/Radio#1:1==>0/SEP#3:0

| * 0/SEP#4:0==>0/Replay#0:0

| | * 0/Replay#0:0==>0/SEP#4:0

| | * 0/SEP#5:0==>0/Replay#0:1

| | * 0/Replay#0:1==>0/SEP#5:0

| | * 0/SEP#6:0==>0/Replay#1:0
| * 0/Replay#1:0==>0/SEP#6:0

* 0/SEP#7:0==>0/Replay#1:1
| * 0/Replay#1l:1==>0/SEP#7:0

= 14
r‘\sp Lab.
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https://github.com/EttusResearch/uhd/blob/master/fpga/usrp3/top/x400/x410_X4_400_rfnoc_image_core.yml
https://github.com/EttusResearch/uhd/blob/master/fpga/usrp3/top/x400/x410_X4_400_rfnoc_image_core.yml
https://github.com/EttusResearch/uhd/blob/master/fpga/usrp3/top/x400/x410_X4_400_rfnoc_image_core.yml

Extend X4 400 to Support 4TX and 4RX

FPGA image flavor: X4_400 FPGA:X4_400_2RB4CH

uhd_usrp probe result

/
| RFNoC blocks on this device:
|
\ * 0/Radio#0
Radio#0 | * 0/Radio#l
Radio#0 | * 0/Replay#0
| * 0/Replay#l
:

, Static connections on this device:
Radio#1

Radio#1

EP#3 0/SEP#0:0==>0/Radio#0:

0/Radio#0:0==>0/SEP#0:
0/SEP#1:0==>0/Radio#0:
0/Radio#0:1==>0/SEP#1:

EP#4

'F

EP#4

O OO OoOFr oo

0/Replay#1:2==>0/SEP#10:
0/SEP#11:0==>0/Replay#1l:
0/Replay#1:3==>0/SEP#11:

Vo 15
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*
*
*
[ v e———0 ‘
* 0/SEP#2:0==>0/Radio#l:
- 2 * 0/Radio#1:0==>0/SEP#2:
Replay#0 * 0/SEP#3:0==>0/Radio#l:
Replay#0 * 0/Radio#1:1==>0/SEP#3:
Il * 0/SEP#4:0==>0/Replay#0:0
* 0/Replay#0:0==>0/SEP#4:0
1 | * 0/SEP#5:0==>0/Replay#0:1
\ \ * 0/Replay#0:1==>0/SEP#5:0
||+ o/sEpk6:0==>0/replayvt0:2  FoOr T X 4-channel
n \ |  * 0/Replay#0:2==>0/SEP#6:0
\ \ * 0/SEP#7:0==>0/Replay#0:3
— i | | * 0/Replay#0:3==>0/SEP#7:0
Replay#1 Replayi1 \ \ * 0/SEP#8:0==>0/Replay#1:0
\ | * 0/Replay#1l:0==>0/SEP#8:0
A i * 0/SEP#9:0==>0/Replay#l:1
* 0/Replay#1:1==>0/SEP#9:0 _
] * 0/SEP#10:0==>0/Replay#l: For RX 4 Channel
*
*
*

O wonN

Static connections in design Static connections in design




Public Member Functions of Replay Block

Public Member Functions

virtual void record (const uinte4_t offset, const uinte4_t size, const size_t port=0)=0
virtual void record_restart (const size_t port=0)=0
virtual void play (const uint64_t offset, const uint64_t size, const size_t port=0, const uhd::time_spec_ttime_spec=uhd::time_spec_t(0.0), const bool repeat=false)=0
virtual void  stop (const size_t pori=0)=0
virtual winté4_t get mem_size () const =0
virtual uinté4_t get word_size () const =0
virtual uint64_t get record_offset (const size_t port=0) const =0
virtual uinté4_t get record_size (const size_t port=0) const =0

virtual uinté4_t get_record_fullness (const size_t port=0)=0 1 . re C Ord 2 . rep 1 ay

virtual winteéd_t get record position (const size_t port=0)=0

virtual io_type t get_record_type (const size_t port=0) const =0
virtual size_t get_record_item_size (const size_t port=0) const =0 ! i
viriual bool get record async metadata (uhd::rx_metadata t &metadata, const double timeout=0.1)=0 R Replay#O 1 RX 0 Radio#0
virtual uinté4_t get play offset (const size_t port=0) const =0 i (DRAM#O) 2 TX/RX 0 adio
virtual uinté4_t get_play_size (const size_t port=0) const =0 s o
virtual uinté4_t get play position (const size_t port=0)=0
virtual uint32_t get max_items per packet (const size_t port=0) const =0
virtual uint32_t get max_packet size (const size_t port=0) const =0 ——
virtual io_type t get play type (constsize_t port=0) const =0 ! R
virtual size_t get_play_item_size (const size_t port=0) const =0 Replay# 1 ! Rx0 R d #1
virtual bool get play async metadata (uhd::async_metadata_t &metadata, const double timeout=0.1)=0 (DRAM#] ) 2 TX/RX 0 adio
virtual void set_record type (const io_type tiype, const size_t port=0)=0 s le o
virtual void config_play (const uint64_t offset, const uint64_t size, const size_t port=0)=0

virtual void set play_type (constio_type ttype, constsize_t pori=0)=0

virtual void set max_items_per_packet (const uint32_t ipp, const size_t port=0)=0 2 1 1 d

virtual void set max_packet size (const uint32_t size, const size_t port=0)=0 ¢ rep ay ° re C O r

virtual void issue_stream_cmd {const uhd::stream_cmd_t &stream_cmd, const size_t port=0)=0

virtual void post_input_action (const std::shared_ptr< uhd::rfnoc::action_info > &action, const size_t port)=0 16

virtual void post output_action (const std::shared_ptr< uhd::rfnoc::action_info > &action, const size_t port)=0 l ‘\ sp lah
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Control of Replay Block

Load file: 5gnr fr2 400MHz tm3pla.sigmf-data

RFNoC Tx Streamer |out

RFNoC Tx Streamer |out

Replay Msg Push Button
ID: record_push_button
Label: Record ressed - = ~
Command: Record
Port: 0

Replay Msg Push Button
ID: play_push_button
Label: Play

Command: Play

Port: 0

Repeat?: False

Replay Msg Push Button
ID: cont_play_push_button
Label: Play Continuous
Command: Play

Port: 0

Repeat?: True

Replay Msg Push Button
ID: stop_push_button
Label: Stop Playback
Command: Stop

Port: 0

RFNoC Tx Streamer

RFNoC Tx Streamer

Replay Msg Push Button

ID: fullness_push_button
Label: Get Record Fullness

T
1 in2

o

Command: Get Record Fullness
Port: 0

= in3

RFNoC Replay Block

cho:
Cho:
cho:
Cho:
Chi:
Chl:
Chl:
Chl:
Ch2:
Ch2:
Ch2:
Ch2:

Ch3
Ch3
Ch3:
Ch3:

Record Offset: 0
Record Size: 122.88M
Play Offset: 0

Play Size: 122.88M
Record Offset: 0
Record Size: 122.88M
Play Offset: 0

Play Size: 122.88M
Record Offset: 0
Record Size: 122.88M
Play Offset: 0

Play Size: 122.88M

: Record Offset: 0
: Record Size: 122.88M

Play Offset: 0
Play Size: 122.88M

store Log level: Info (default)

Message Debug
Print PDU contents: On

This will print out the record fullness to the

terminal when the record fullness button is pressed.

This helps indicate to the user if the block has
finished recording the requested amount.

RFNoC TX Radio

Device Select: 0
Instance Select: 0
Sample Rate (Hz): 491.52M

Cho
Cho:

Cho:

Antenna Select: TX/RX

: Center Frequency (Hz): 3G
: Gain: 40

Cho:
Chl:
Chi:
Chl:
Chl:

Bandwidth (Hz): 400M
Antenna Select: TX/RX
Center Frequency (Hz): 2G
Gain: 40

Bandwidth (Hz): 400M

Cho
Cho

Chil:
Chl:
Chil:

RFNoC TX Radio

Device Select: 0

Instance Select: 1

Sample Rate (Hz): 491.52M
Cho:

Antenna Select: TX/RX

: Center Frequency (Hz): 3G
: Gain: 40

Cho:
Chl:

Bandwidth (Hz): 400M
Antenna Select: TX/RX
Center Frequency (Hz): 2G
Gain: 40

Bandwidth (Hz): 400M

Vo
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SDR-Based VSG/VSA
Integration and Verification

Parameter setting Experimental setting Power calibrated
5G NR FR2 TM3.1a =
Parameter Value Unit
R 2 - | | €¢——— 1Gge—————P) USRP X410
|
U 3 - [ ———— . TX/RXRF Sara. :i
SC Spacing 120 kiz Host PC . aschand RX 10 Sample S
Cyclic Prefix Normal
Bandwidth 400 MHz
=1 : 30dB attenuator
FFT Size 4096 -
No. of RB 264 -
No. Slot per g ]
Subframe
No. Users 2 -
2: PRBs located in
NRNTI PRB#0-2; -
0: 0 for remaining PRBs
Sample Rate 491.52 MSps
Modulation 256 QAM - _ 18
Center Frequency | 3.5 GHz ‘\ SP Lab.
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EVM Comparison
Keysight 89600VSA and CSP 5G NR VSA

USRP X410

RX raw I/Q data

Keysight
89600 VSA

CSP
5G NR VSA

Constellation Constellation

15 15
il Educational License 8l Educational License REMESE ENEg RS e ) SR : ¢
115 ame FEFRASEABABABIED P e ponppapiae s b e e s s T
SONSENROPREPUDERD
I AR EE R RN sensecnn Psoescessevonso
EESSASONANRORREY 0esQccsscsecOsnse eeeDoccvssssBens
dosbivansnaniduisd 05 SERIEES S0 b A-Bio 0.0 seececscocevoene
¢ERpEBARFEARERIRND m' Pecoecoce secowe 98 eeocoscsoscssneoee
avsdevssnnbhasdvas 5 secscson esosn e o PR R VOl S A Y S T
emes euwm 2 5
[ RS L L M BT B ) ® EE RN evseensoo0
LLL e S O esesscsssscse cson B e s Rl SR e 2 S e
asaws [ X ¥ 3 esevsccscseon e 9
T1L T g seceesese . ecee <] Se i s e A 2
aRas 2ES 05/ ®seevsccsecess o
amww snw ::-O. ....... o:o: 3 Ly AP S R
TIT LI I eessscccnscconne e nes s tee 90
dsiwveswsosnandp A teccscsessssssoss Sesesnnennsanenene
SRASRAAANAEDSNEGP essscscsscnscones o el o ki i R B Pl e B
[T I3t Yr] PS80 0N OBNBOO PO L ]
185 - 05 0 05 1 15 -15
a5 15 15 lizphasd 15 4 -05 0 05 1 15
Res Bw 120 kHz  Timelen 1.904 kSyrm Res BW 120 kHz  Timelen 1.904 kSym InEphase:
(a) CH1
(2) CHI (b) CH2 (b) CH2
Constellation 15 Constellation
i Educational License il Educational License
PGSO SEGEASRARY - s pnapsaass B =220 | ®eeeseccecce R R EE R EEEEERE RN cesoce
isddussngnemasen i 1 ®* 00 0000w L 1 L L LI B B B B B B O
e e ceescsnnenes seee ssvscossinsecses
T T T T teeBssecscsss . eQecsscnsse -
sl @®@®eseesceseoe 5 ) et vccssccnsnn - [y
Tresess v O o L it
as S | Efsrasdrasens Nt i mninienn
FEmeesa -e -6 0 29 0 0 0 0 "0 e . . -6 0 L B B B B B J L B B A
BasBaaw . ] g
ol et G | eeeesescccccne .o 3 esesssesnaes ccone
'S TRi: azs B B asapewsesessasasem ® 022 T | ®8esesseseen . . 2 9 8008000 L
SEakanN - 057" e eseeccececcccsocae 05 Sssescssenne eeen
tsagase .. . @ssscsses oese escgessccee epees
‘-..... "R | L L B B B A . . L B B B B L A L
AEEERGw ’. L B B R R R B A LR 1 L L B B N L L B
amamen g tscssescsccccoe oo sscesecscee cescoe
15 15 %5 4 05 0 05 1 15 % 4 05 0 05
In-phase In-phase

Timelen 1.904 F:_Ei_';.-';‘r'l

Res BW 120 kHz W 120 kHz

Timelen 1.90

(c) CH3 (d) CH4

(c) CH3 (d) CH4

Figure. Equalized constellation diagrams on four
independent channels using CSP 5G NR VSA

y
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Figure. Equalized constellation diagrams on four
independent channels using Keysight 89600 VSA




EVM Comparison
Keysight 89600VSA and CSP 5G NR VSA

Test results

. EVM (%rms)
P};isyl:iilc:fglgv CHI1 CH2 CH3 CH4 5
Kk | c|l k| cl|l x| c]|x|c :
PDSCHO 0.97 | 1.00 | 099 | 093 | 093 | 0.86 | 0.99 | 1.03
PDSCHODMRS | 1.04 | 0.95 | 1.01 | 0.91 | 096 | 0.84 | 1.03 | 0.98 b
PDSCHOPTRS | 0.89 | 092 | 092 | 093 | 0.85 | 0.85 | 0.93 | 0.96 1
PDSCHI 1.03 | 1.06 | 1.00 | 095 | 0.90 | 0.86 | 1.03 | 1.06
PDSCHIDMRS | 1.03 | 1.03 | 1.05 | 0.94 | 0.89 | 0.84 | 1.00 | 0.99 0.9
PDSCHI PTRS | 0.87 | 0.91 | 093 | 095 | 091 | 0.85 | 0.98 | 1.01
PDSCH2 0.95 | 095 | 092 | 0.81 | 0.84 | 0.73 | 0.88 | 0.95 o8
PDSCH2DMRS | 0.96 | 099 | 092 | 0.92 | 0.84 | 0.82 | 0.88 | 1.01 .
PDSCH2PTRS | 0.89 | 0.85 | 091 | 090 | 0.86 | 0.83 | 0.88 | 0.91
PDSCH3 093 | 098 | 091 | 096 | 0.81 | 0.82 | 0.92 | 1.01 06
PDSCH3DMRS | 0.94 | 0.67 | 0.96 | 0.84 | 0.72 | 0.69 | 0.83 | 0.68
PDCCHO 0.96 | 0.83 | 091 | 082 | 0.80 | 0.73 | 0.87 | 0.84
PDCCHODMRS | 0.97 | 0.75 | 0.89 | 0.76 | 078 | 0.69 | 0.84 | 0.76

Measured EVM Comparison of CSP and Keysight VSA Acr
\ \

oss Four Independent USRP X410 Channels

| T T | | T o—CHIK
- -0 - CH1(C

& qe®
oW @ & o c o
060\}@ ) 609{5 v od

OY\"?: \\X\?‘% Q\A\Q \‘\@‘5
<0 o

EVM: -40dB=1%
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EVM for 5G NR 100 MHz BW Case in USRP X410
Loopback Test

C: RE Power 3D ~

vl EWP1 Layer0 791 carrier

Educational License

ane
R s dasawidessasdadadp

F: Frame Summary

EVM
(dB}

Mame

FOPERBSNAYRS
I T A R R R R E RN RN
TaB@PFEASEUR

' EN L NENNENNNENNN
da s e a8 F 8L

dE s Ao sPanase
S esg s eEBECRARRESE B

a0 hEawETS
SlespUIFAORFEREN

[ N N ]

i sdgrarsoenagves
agdpepoeddgrand s
[ E R R R E R E N RN N
I E T R R NN NN RENNE NN

B @A GRS NS S ER
Sdad s &R BEND

L
Fara
aéEaw

D: OFDM ) F: Frame Summary

EVM SINR Power per RE M
(dB) (d (dBm)

- Name
0s

ful=]

) odulation g;’”' o' ENTI BWPID
license| S

-43dB~=0.7

Timelen 17
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5G FR2 5 FR2
DUT OTA Testing

mmW Freq.

USRP X410
converter

Keysight 89600 CSP
Center Freq. 26.566 GHz , ,
Constellation Resource grid CFR
OFDM CP-OFDM Constellation
BW (MHz) 100
SCS (kHz) 120 i
Mod. QPSK E
DMRS Config. Type 1 3
Type A pos 2
DMRS AddeS 2 g::ﬁ} ;oa-.-.nf; per RE Modulatiunggsm' oflonm  EWPID e lr 1) — —
CDM group 2 ' : ' : = x :
rms (%) Mod. Fmt EVM Req.
PUSCH 3.9500| QPSK Pass
PUSCH DMRS 2.9600| QPSK Pass
PUSCH (%) 3721 3 .05 Analysis Result | Unit
RMS EVM Mean 3.4550| %
PUSCH DMRS (%) 2971 2.96 RMS SCH EVM Mean [QPSKJ: 3.9500| %
Peak SCH EVM Max. 11,6700 %
AVg. EVM (%) 3.639 3.45 RMS DMRS EVM Mean ' 29500 %
Peak DMR S EVM Max. B5.7140| %
1Q offset (dB) -30.037 N/A Frequency Error 5289 Hz
Sample Clock Offset -0.0380 | ppm
Freq. error (Hz) -5424 -5289 1 Gain Imbalance | 0|8
1Q Phase 0|deg
SCO (ppm) -0.067 -0.03 SP Lah.
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Summary

SDR-Based VSG/VSA

Three-Detachable Layer Architecture
= Designed and developed software for 5G NR and Wi-F1 ax VSG/VSA

= Achieved 400MHz signal bandwidth transmission and reception across four channels on a USRP
X410 through RFNoC replay blocks

m Calibrated power to ensure consistent performance across all channels

Results
m Measured EVM values: -40dB for 400MHz bandwidth and -43dB for 100MHz bandwidth
®= Conducted over-the-air testing with a 5G FR2 mmWave cellphone

Future Directions
m Enhance VSA capture and analysis speed

m Integrate Al-assisted measurement, diagnostics, and testing
! 23
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