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| Enabling Technologies for 6G
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Wireless Systems — From Concept to Reality

Software Simulation Hardware Test Bed Research Paper or
IP Development
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DSP ..l -« \'
: Develop hardware test Validate algorithms against
5' egﬁiﬁfnggig'gnlgg; bed, iterate with offline simulator and real-world Analyze & Present
9 y processing, migrate scenarios, iterating Results. Create IP.

in software

processing to hardware as necessary
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NI Building Blocks For SDR

A\ 2\ 4

AN

FPGA Data Aggregation
and Processing
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RF/uW Instrumentation

LU0 DO E
! 1

UltraScale+ FlexRIO

44 GHz, 1 GHz
BW VST

THSYT

23 GHz, 2 GHz BW 24 MGT Data
VST (New Released) Aggregator

USRP

ni.com

_ l
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Octocore Xeon
Controller

Cabled PCle

Third Party
Servers
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4TB, 5GB/s
RAID

24 1B, 5 GBI/s
RAID

+ Many More
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USRP Supports Many Tool Flows

System Model GPP Design FPGA Design Deploy

LabVIEW LabVIEW LabVIEW FPGA SDR Hardware

B> LabVIEW B> LabVIEW B> LabVIEW

Open-Source C/C++ GNU Radio (GRC) RFNoC via GRC

MATLAB™
Python

C/C++
MATLAB™
Python

ni.com
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NI Ettus USRP X419 W m—
Shaping the future of Wireless Communications o °
Frequency : 1 MHz -7.2 GHz
. Bandwidth: 400MHz
Full Support for UHD, RFNoC, GNU Radio and LabVIEW CrerelE: AX Tx . 4 Rx

Max TX Power: up to 22 dBm?
Max RX Power. 0 dBm

1 see specification for details

Transceiver
1MHzto 7.2 GHz
400 MHz BW

N
")) @&
o (: 2-Channel RF
RX1

TX/RX 0

RFO

L)
Ettus USRP O

X410 Huge amount of FPGA Resources

Dual QSFP28
PCle Gen 3 x8 Data Interface
Built In SD-FEC IP Core

Multiple Development Tool Chains FPGA Technology GPS Synchronization Ready
*LabVIEW $GNURadio & XX o 3 o
UHD, C/C++, Python RFSoC

&
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Integration with Custom Front-Ends for Radar and Comms/EW research and prototyping

NI Ettus USRP X440 Product Overview

IF Capabilities Digital Capabilities

Front-End Conn: Balun coupled, MMPX Xilinx Zynq Ultrascale+ RFSOC ZU28DR-2
IF Range: 30 MHz — 4 GHz* Built-in quad core ARM processor
Bandwidth: Up to 1.6 GHz* / channel, 4 Streaming Interface: Dual 100GEth via QSFP28

GHz / total Synchronization: 10 MHz / PPS, GPSDO, IF
Direct Sampling: Flexible, up to 4 GSps Software: Open source (GNU Radio, RFNoC, UHD)

2 Independently configurable GPIO for Front-End control via UHD API or FPGA

rates (4 channels each) _ _

2x 12 lanes via HDMI with SPI protocol support

Number Channels: 8 (TX/RX or TRX)

Phase Coherency:  Yes (sample based) —
TX output level: < 0 dBm full scale -
RX input level: 10 dBm full scale - S -

* |[F-Bandwidth combination limitations apply because of Nyquist zones and gaps

Shown at demo floor

USRP X440 is covered by Export Administration Regulations (EAR) NS2. Refer to US Department of Commerce for details and country chart.
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Record and Playback
Applications

Channel measurements

Communication & Sensing
Reconfigurable Intelligent surface (RIS)
mmWave Beamforming & Beam steering
MIMO Applications




"' LabVIEW Reference Architecture for Transmitting,mlcom

Recording and Playback of Wideband RF Signals

Enables Wireless researchers struggling to rapidly prototype new concepts to move quickly from software
simulation to hardware demonstration, ultimately turning novel concepts into fielded capability faster

] | i —
- | < | —
T i —H— i
Hardware i Software i Documentation
i Custom Application Software i
| , |
< ‘e < | LabVIEW Reference Design i User Manuall
< < ; ;
: USRP . Interf Bill of Materials
<> <> errace
PCle Cards RAID

Assembly Instructions

USRP Hardware Driver

Interconnect Diagrams

Network Interface

Front ends i Driver Windows i System Specifications
mmWave Extensions PXle Controller or i i
Antennae USRP X410 Third Party Server i i

s

From Third Party - NI Hardware and Software - Custom Application Development EMERSON I1 l
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LabVIEW Architecture for Wireless Research

Software e

Custom Application
LabVIEW Reference Design S o -
Configuration 1

U.Sé
. ©Mode 012
Library Setup Debug good
s Lengeh Unit 3057 mmWave Settings | Spectrum TRX ModAcc measure | Record Rx Data  Idle&Debug | M <o° _
02! u B8cxOne BBaute
15 Length ’ ‘- skt 8BoxOneTx/Rx Mode BBoxOne Channels BBoxLite TxRxMode BBoxLite Channels
VIEW RFm LabVIEW FPGA x| rveeurm ~ . b .
BBaxO BBoxLiteFrequency B8oxlite Boards
i

FreqRF(GHS) 25 ™ & »
BBaxOneAKithiame B80x0ne SN BBoxLiteAAKitName BEouLite SN
BWIMHD) |10 TMYTER 280NE &cd C21336009-28 |02/ 33600928 TMVTEK Z8UTE 4nd CoTIOL025-28 | D2140L031-28
o UO'SN UD-8021250002-24 ) ]
ardware Drivers - T ——
R —— w2 : =
0 o o o o BEorLtePowerswitch
Wait Configuration Done =
= 0 0 o 0 o fon |on |on |On
0 0 0 0
Enable mmWave? B o o o o
— = BBoxOnelamerowch Eontre Phose
o n n 0 0 0 0 0

olololo
olololo

LabVIEW Reference Design R — T

«  Software for 5G NR, Streaming, mmWave Extension g -
USRP Driver — [EEE= e = = e

« Control USRP Functionality * i
LabVIEW FPGA
* Enables FPGA processing in USRP =

NR RFmx == i 7L
» Generate/Analysis 5G waveform o= =L
mmWav e Extension —— =
* DLL/APIs/Control Kit for RF and beamforming control .
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LabVIEW Reference System

Rx Recording Ul

Rx Recording
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TMYTEK mmWave Devices

UD Box 5G - Single & Dual Channel

RF: 24 - 44 GHz

IF: 0.01-14 GHz

Tunable LO: 24 - 44 GHz

Conversion Loss: 13 dB (typ.)

10 MHz output and 100 MHz input/output
Synchronization

BBox One 5G

wMYTEK

BBox Lite 5G

RF: 24.25-27.5 GHz; 26.5- 29.5 GHz;
37-40 GHz

Band: n258, n257, n260

RF Channels: 16

Tx/Rx Half Duplex

Individual Gain and Phase Control

Beam control interface: SPI
API: LabVIEW, MATLAB, Python, C#, C++

RF: 26.5-29.5 GHz; 37 - 40 GHz
Band: n257, n260

RF Channels: 4

Tx/Rx Half Duplex

Individual Gain and Phase Control

Shown at demo floor



LabVIEW Architecture for Wireless Research

System Technical

Specification
pecificat
Frequency Band 1M-7.2GHz 28GHz
Channels 4 1
Digital Interface PCle PCle
1 channel 491MSps
Recording IQ Rate 2 channels 491MSps 491MSps

4 channels 245.76MSps

Storage 4TB with 8267 ATB with 8267

Software LabVIEW 2021 (64-bit) LabVIEW 2021(64-bit)
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Strategic Partnership with OAI

* “With this new relationship, we will bring this collaboration to a
new level and make sure that OAIl will get the best out of current
and future platforms from NI.”

Florian Kaltenberger — OAl Director

ni.com



ne OAl Reference Architecture for T

5G System Prototyping with NI USRP

Bridging the gap between theoretical and practical issues around 5G system deployment and implementation for
enabling engineers and researchers to rapidly develop and test novel use-cases

Tos <> —
= =
Software Documentation
Hardware
thore ) gNB UE
gNB Core etwor
USRP X410 Network

Custom Application
Software

OAl Core Network

Network Interface
Driver

Custom Application
Software

OAI UE
USRP Hardware Driver

Network Interface

Custom Application
Software

OAl gNB

Network Interface
Driver

Application Notes

— PUSEEANRRCN «—>  Server B — CPU
e senver [

SFP+/SFP28
RF Cable

> Server
SFP+/SFP28

UE

Bill of Materials

Assembly Instructions

Interconnect Diagrams

Linux Linux Linux

Driver

System Features

OctoClock-G

From Third Party - NI Hardware and Software - Custom Application Development

s

Pleasefind moretechnical details in: OAlI Reference Architecture with 5G and 6G research with the USRP Application Notes EMERSON |1|



https://kb.ettus.com/OAI_Reference_Architecture_for_5G_and_6G_Research_with_USRP

I'Il ni.com
System Features and Demo Configurations

Full end-to-end setup for 5G SA wireless research and prototyping.

OpenAirinterface (OAl) 5G stack and USRP Hardware Driver (UHD) are open source.
Connects to wireless modem module UE, COTS handset UE*, and USRP based software UE.
User applications like video streaming and connection to the internet are possible.

Allows both over-the-air (OTA) and cabled operation.

Demo Configuration (USRP X410 and Quectel UE/X410 UE) :
« 5G-NR SA, TDD Duplexing

* 40 MHz Bandwidth Engincer
« 130kHz SCS A111bitigt:§ E
64 QAM DL, SISO

FR1 Band n78 (3.361 GHz)

No suchthing as

DL iperf data rate up to 80Mbps
61.44Msps sample rate on USRP

*For the COTS UE, RD is still working on this.

L e YIRS el
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"N oAl Reference Architecture Hardware and
Software Mapping

Core Network OAIl gNB UE

OAI CN (+ PDN Server)

p) | COTS UE*

’
g Modem UE

Hardware gy

<" SMA Cables / Antennas

OAl software UE
o |_|J N —
OAI 5G Core HOST (] O Ol o
SOftW are running on docker-compose platform IE.:L E (DD 9 E 2_ COTS
demo-oai O Lo U) D UE
ip-ranqe
Sl P IQ SMA Cables / Antennas
- om | o = = —
}Naml i for < >
N l | == o
o | OAI
- N4
Closed m , ‘ 2— UE
N3 C ‘ b | !

all on x86

(docker containers) all on x86 all on x86



MU OA| FR1 System with USRP

m EuMW 2023
IMS

Connecting Minds. Exchanging Ideas. WAVES BEYOND WALLS

Demo Configuration

. 5G-NR SA, TDD Duplexing
e : 0 40 MHz Bandwidth

Engincer i o |+ 30kHzscs

e - | - 640QAMDL, SISO

. FR1 Band n78 (3.361 GHz)

. DL iperf data rate up to 80Mbps

. 61.44Msps sample rate on USRP

Core Network ~ Radio Access Network ~

7 Nesi | oavr o oswe ) LT [PE—

Control Plane User Plane

gNB 5G SA UE

_________________________________________________________________________________________________________

i

S m—

x86 server x86 server Laptop COTS UE Module
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0002:29.004 NR RRC/NAS-5GS UL Information Transfer. UL NAS transport. PDU session establishment request MAC «Ox835680bb
3 F ) L 5 3 p ” nﬂ 000213135 NGAPNAS-5GS UplirkNAS Transport, UL NAS transport. PDU session establishment request
. = A V by vt L o ] 0002 13004 NR RRC/NAS-5GS UL Information Transfer, UL NAS transport. POU session establsshment request MAC ~OxBba01 8%
° Exte nsi ble to mmWave and OTA won s vom o b ver 00:0157.006 NGAPINAS-5GS UplinkNAS Transport, UL NAS transport. POU session establishment request
ﬂ gg:f;oxcu L8 o 000157004 NR RRC/NAS-5GS UL Information Transfer, UL NAS transport. POU session establshment request MAC =OucOb18364
a a 00:0141.010 NGAPINAS-5GS UphinkNAS Transport. UL NAS transport. PDU session establshment request
® 30b7d808-4195-4051-bO0bY - 956726843147 E e 00.01:41.009 RLC-NR [TCP Out-OF-Order] [TCP Out-Of-Order] 53736 —~ 443 [SYN] Seqe3080790391 Wine65535 M5S-141
H ey 00:01:39.269 RLC-NR 53727 — 80 [ACK] Seq=583737845 Ack=217758537 Win=2053 || UEId=56442 [UL] jAM] DRB 1 [DAT
® DaShboard for Ope ratlonal ease'Of'Use P dB1bdbe2-Scie-1634-80d-08bME177106 a a & f 000138.249 RLC-NR 3701 ~ 443 [ACK]) Soq=3413228860 Ack-95558067 Win2615 || 53704 -+ 443 [ACK] Seqe758088
@192 168110 000125366 HTTPLISON/NGAP DATA[1]. lavaScript Object Notation lapplication/json)
000125365 NGAP SACK (Acks1, Arwnd=106496) . POUSessionResourceSetupResponse
2023/11/06 14:04:31 n 000125342 NR ARC/NAS-5GS RRC Reconfiguration. DL NAS transport. POU session establishment accept MAC «O0x3 11888
o | o i :~; . 000125341 NGAP/NAS-5GS SACK {Ack=7, Arwnd=106456) , POUSessonResourceSetupRequest. DL NAS transport, POU session es.
Upgrace ~  Reboot RN . 000125341 HTTPLUISONNGAP DATA[1], JavaScript Object Notation (application/json)
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¥ Swe o Restart a OAIBOX Momtorng TIME RANTI DIMCS UIMCS DIBLER UVIBLER PUCCHSNR PUSCHSNR  PHR 000126311 NGAPYNAS-5GS UplinkNASTransport. UL NAS transport. POU session estabilishiment reguest, UplnkNASTransport, UL N
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= 000124899 RLC-NR RRC Reconfiguration Complete MAC «Qx60e82420
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0 P E N A'R - 0001 24 656 NGAPNAS-5GS SACK {AckeS, Arwnde106496) . Intiasl ContextSetupRoguest, Regstration accept
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NN 4 I8N NOCAPNAS KOS CACK (A0 s ) Arwmds 10RLGE) | b NA CTranenewt  Aidhoete ston talioe Camch taliowt
@ docker )

OAI 5G CN
P/INN
] ]

Midhaul
Split2 /F1

Fronthaul

ni.com (near-RT RIC)




N
n allbesmart’

OAIBOX

OAIBOX Adrminests atbon Stock Management 5G Lab Manual (¥ Downloads ‘ : "?f' Alves (e
— Alibesmart Lda >, )
K — 1 g 1 140 8 Mops - 6925 kbps 5G Standalone Message Flow
TIME Protocol Mosiage
0002 59849 RLC-NR 53784 ~ 3000 JACK] Soq=1058075908 Ack«1791660219 Win=7552 (| 53785 -+ 3000 [ACK] Seqw88
00:0258829 ALC-NR §3777 ~+ 3000 [ACK) Seqa213362165 Ack= 1049981234 Win=20527 || UEId=56442 [UL] [AM)] DRB
£-CU+CNSG sha (X o = 00:0256.789 ALC-NR 53783 ~ 3000 (ACK] Seqe 3342389974 Ack=3022028668 Win=13363 || 53777 - 3000 (ACK] Seqnd
pen e e i - 00,0255.769 RLC-NR 53782 ~ 3000 [ACK] Seq=1234663411 Ack=160204045 Win=11266 || 53777 - 3000 [ACK] Seqed2
00:0252.709 RLC-NR 53780 ~ 443 [ACK] Seqe 2536729778 Ack=B83622392 Wine2048 | UEK=56442 (UL] [AM] DRE1 [D
o 00:0229.004 NGAPINAS-5GS UplinkNAS Transport. UL NAS transport. POU session establishment request
- - acm N naed - nad 000229004 NR RRC/NAS-5GS UL Information Transfer, UL NAS transport. POU session establishment request MAC <0x835680bb
~ Q ’l(_-‘ 0 5 b ﬁ 000213135 NGAPNAS-5GS UphirkNAS Transport, UL NAS transport. PDU session establshment reguest
- @z = p- 00:02 13,004 NR RAC/NAS-5GS UL Information Transfer, UL NAS transport. POU session establishment request MAC=0xBba018%¢
e i et o Mo e 00:01 57 005 NGAPNAS-5GS UplinkNAS Transport. UL NAS transport. PDU session estabbahment request
% cO":,I'.BOXCU o " 0001 57.004 NR RRC/NAS-5GS UL Information Transfer. UL NAS transport. POU session establshment request MAC =OucOb18364
~2 ¥ 000141010 NGAPNAS-5GS UpbinkNASTransport. UL NAS transport. PDU session establshment request
(® 30b7dBa8-d195-4d61-LbObL - 95726843 147 == G 00.0141.009 RLC-NR [TCP Out-OF-Order] [TCP Out-Of-Order] 53736 — 443 [SYN] Seq= 3080790291 Wine65535 M5S=141..
q e arerrna 00:01:39.269 RLC-NR 53727 - 80 [ACK] Seqe=583737845 Ack=217758537 Win=2053 || UEId=56442 [UL] [AM] DR 1 [DAT
(P d81bdbc2-Bcda-1634-8104-08bMAE177106 € S e € Ovecs n 000138249 RLC-NR 53701 ~ 443 [ACK] Seq=3413228860 Ack«95558067 Wine2615 | 53704 -+ 443 [ACK] Seqe 758088
® 192 168,110 000135366 HTTPUISONNGAP DATA[1], lavaScript Object Notation lapplication/jsen)
000125365 NGAP SACK (Adks 1, Arwnd=106496) , POUS 2 SetupRespor
2023/11/06 140431 f 0001 25.342 NR RRC/NAS-5GS RRC Reconfiguration DL NAS transport, PDU session establishment accopt MAC =03 118880
o-ou A omu ol 000125341 NGAPNAS-5GS SACK {Ack=7, Arwnd=106456) , POUSessionResourceSetupRequest. DL NAS transport, POU session es
2 € Frarremg o n S OuOCTA
L Upgrace 2 Reboot R e 00:01:25.341 HTTP2ASON/NGAP DATA[1], JavaScript Object Notation {application/json)
3. Conming Line B Property Override S5y v 000125 341 NGAP SACK (Acks0, Arwnd=106496) . POUSessiondl SetupReponne
4 O toed Logs 000125316 NR RRC/NAS-5GS RRC Reconfiguration. DL NAS transport, POU session establishment accept MAC «0x 10002695
0003125315 HTTPLISON/NAS-SGSING, DATALS] JavaScrpt Object Notation lapplicationdjsen). PDU session establishment accept
;:{m};“ ENSG u xApps Store x 000125314 NGARNAS-5GS SACK (Ack=6, Arwnd=106496) , POUSessionResourceSetupRoquest. DL NAS transpart, POU session es
T— 000126314 HTTP2ISONNAS-SGS/NG., DATA[1]. JavaScript Object Notation {applicationVjson). PDU session establshment acoept
¥ Swe Restart ?. Sy\mox Mortorng TIME RANTI DIMCS WIMCS DUBLER UIBLER PUCCHSNR PUSCHSNR PHR 000125311 NGAPYNAS-5GS Uglink NAS Transport. UL NAS transport, POU session estabilishment request, UplnkNASTransport, UL N
PRN Fionic s ; e 165233 8520 9 9 0000001 0000001 17 285 38 :z: ;:;2: ums::s ‘:‘:x::"‘w“"‘"“‘" O
¥ e o - sasads [ases [ . gy P e -~ . an UL NAS transport. POU session establishment request MAC «OxBbSd7 108
GTP Morstarng 000124999 RLC-NR UL infarmation Transfer, UL NAS transport. POU session establshment request MAC=0x54196<96
® Sww = Bustert gt 165931 8S80 O 9 0000006 0000005 21 1258 2 00.01:24.904 NR RRC/NAS-5GS UL Information Transfer, Registration complete MAC «0x3564bbad
o-cu o Swn 165030 8580 9 9 0000017 0000013 20 315 33 00:01:24.300 NGAP It ContaatSetupRasponse
% Runrung : Stice Monitoring 165929 8580 9 9 0000048 0000037 22 305 T OD0LA4E08 P, SURC Pasanfigmmstion Complate MAC=0i0eSe 40
Smsovd 000124883 NR RRC/NAS-5GS RRC Aeconfigus ston. Registration accept MAC «0x74 38958
@ Swe S D S 165928 6580 O o 0000138 0000086 19 3 3 000124883 NGAP DATA (TSN=0) (Message Fragment) . UERadioCapabilityinfol
% Lags © F1 Configuration 165927 8580 9 11 0000396 0000247 19 30 4 00:0124.882 NR RRC UE Capabilty information MAC -0xf5584646
8 Osts Viswslization 165926 8580 9 12 0001135 0000573 20 32 36 00:01:24.860 NR RRC UE Capability Enquiry MAC=0x052¢9311
- 00,01:24.657 NR RRC Security Mode Command MAC «0aBcb55493
165925 8580 6 9 0003266 0001331 13 37 28
000124656 NGAPNAS-5GS SACK (Ack=5, Arwnd=106496) . InitilContextSetupRoquest. Registration accept
165924 8580 6 * 0009338 0003816 20 7 2 000124655 NGAPNAS-SGS/NAS-5GS  SACK [Ack=4, Arwnd=106496) , UplinkNASTransport. Security mode complete. Registration request
165923 8S80 6 9 0026781 0010945 19 305 23 000124654 NR RRC/NAS-SGS/NAS-SGS UL information Transter. Security mode complete. Registration request MAC«0«00000000
165022 8580 & s 0076807 003139 | 15 2 29 000124635 NGAP/NAS-5GS SACK (Ack=4, Arwnd=106496) , DownlinkNAS Transport. Security mode command
ey ey > e e e = = 00:01:24 635 NR RRC/NAS-5GS DL information Transfer, Security mode command MAC=0x00000000
000124610 NGAPNAS-5GS UplinkNASTransport. Authentication response
165920 8580 9 9 0053205 0000074 21 305 40 000124610 NR RRC/NAS-5GS UL Infarmation Transfer. Authentxcation response MAC =0x00000000
. 165919 8580 9 o 0000174 0000193 23 30 40 000124297 NGAP/NAS-5GS SACK (Ack=3, Arwnde 106496) . DownlinkNAS Transport, Authentication request
ni.com allbesmart” ise ! sao 1 ° g iy Pl Pl = - 000124297 NR RRC/NAS-5GS DL infarmation Transfer. Authentication request MAC=000000000
NONT 4 I8N NGCAPNAS K6S CANK 18w a ) ArwmAds 10WRAGE) | iInbird N A STramenewt  Aidhaetor whon taldime Sameh faliswt
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N Flexibility and Extensions

SMA Cables / Antennas

Over-The-Air mmWave / FR2 USRP X410 O-RU

SC2430 seamlessly mmWave Frontends Move Low-PHY onto X410
Integrates with USRP X410 seamlessly integrate with to free up processing on DU
and allows for amplification USRP X410 for up- and

and filtering to adhere with downconversion X86 Server USRP X410
spectral masks i Q =

Ty : FH7.2
; High- q Low-
&

S
EMERSON ﬂ l




TMYTEK mmWave Devices

UD Box 5G - Single & Dual Channel

RF: 24 - 44 GHz

IF: 0.01-14 GHz

Tunable LO: 24 - 44 GHz

Conversion Loss: 13 dB (typ.)

10 MHz output and 100 MHz input/output
Synchronization

BBox One 5G

wMYTEK

BBox Lite 5G

RF: 24.25-27.5 GHz; 26.5- 29.5 GHz;
37-40 GHz

Band: n258, n257, n260

RF Channels: 16

Tx/Rx Half Duplex

Individual Gain and Phase Control

Beam control interface: SPI
API: LabVIEW, MATLAB, Python, C#, C++

RF: 26.5-29.5 GHz; 37 - 40 GHz
Band: n257, n260

RF Channels: 4

Tx/Rx Half Duplex

Individual Gain and Phase Control

Shown at demo floor
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nt OAl FR2 System with USRP + TMYTEK

and Research
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Nt mmWave (FR2) Capability for OAl Reference
Architecture o g

mmWave OAl = USRP + TMYTEK + OAIBOX

- L

(] - l:; % /
“’V
COTS UE

' OAIl UE

4as
NILAWL

/I\

it 8

OAIBOX SDR mmWave UE
CN5G + gNB Baseband Instrument 5G FR2 Front-End

NICO gezmd NIC 1 | NIC 2 E=

4 M_ <((T)))
é | a. : - ([
> 11® o
e

Q¢

Namf

B MySQL Server BiEE (5| S\ F ¥
onravr I
OAI-UPF X
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USRP X410 based
ORAN O-RU Radio

Unit
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N
EMERSON.



nl FH: Front Haul
CU: Centralized Unit

DU: Distributed Unit
NI O-RU Emulator RU: Radio Uni

Re-build the software framework to make NI USRP X410 to be compatible to O-RAN standard and accelerate
the software simulation to hardware demonstration by providing detailed application notes.

K ok IRAN AMDY

A GLOBAL INITIATIVE :
0D Drver XILINX

Digital
Up/Down
Converter

:| IFFT/F

Hardware

|

|

|

| ,

: e "42« -
mpiementarion [ - . . =

I €

|

|

|

. |

|

Core Network (+ PDN Server)

ni.com



FH: Front Haul
n‘ CU: Centralized Unit

ORAN Functional Split .

RU: Radio Unit

Proprietary Interface

|

Core Network gNB UE

NG F1
Traditional System Protocol high Protocol high Protocol low PHY high PHY

RF

Standardized FH
Interface

Core Network

ORAN-CU ORAN-DU ORAN-RU

F1 ORAN
Protocol high Protocol low PHY high FH PHY low RF

De-compose the radio access network into functional blocks w/ standardized interfaces

UE

ni.com Fronthaul Split-7.2x




nl FH: Front Haul
CU: Centralized Unit
DU: Distributed Unit

ORAN O-RU Emulator Solutions

The NI real time O-RU Emulator is an open software personality that enables the USRP-X410 to act as a powerful software defined 5G NR
radio unit based on the 7-2 split defined by ORAN alliance. The solution allows customers to emulate a 5G NR base-station by connecting the
flexible and open RU to an ORAN based 5G DU and CU. The offering is primarily targeted to build testbeds for 5G applications and 6G
research

Core Network ORAN-CU ORAN-DU ORAN-RU UE

. NG Fl ORAN ORAN RF
ORAN Split Protocol high [ SEE—— Protocol high Protocol low PHY high FH FH PHY low RF L PHY Protocol

Standardized FH

Hardware
Implementation

Core Network (+ PDN Server)

ni.com




e Real-time O-RAN Emulator for 5G System Prototyping |

with the USRP X410

* Re-build the software framework to make NI USRP X410 to be compatible to O-RAN standard and accelerate
the software simulation to hardware demonstration by providing detailed application notes.

=z =
LEU =

Software Restructure to O-RAN Documentation

Application Notes

OAI Stack s 10 Gbps Digital
FFT/FFT Driver =" Sl
Converter

Bill of Materials

UHD Driver

Assembly Instructions

OAl O-DU Stack/

. : : Interconnect Diagrams
other O-DU Stack : _ é IFET/E

System Features

___________ & |
EMERSON I.l l




(77
OPEN AIR

=—— INTERFACE

IRAN

Target Application and
Specification

Typical applications include:

« End to End O-RAN based testbed
« Al / ML research on different layers
* Network slicing, URLLC research

 ISAC

Frequency Range

Frequency Band

Number of TxX/Rx Channels

Duplex mode

FFTIFFT
Subcarrier Spacing (SCS)

Bandwidth

Output power per antenna

O-RAN Split

Fronthaul Ethernet Link

System Specification

1 MHz to 7.2 GHz

5G NR, FR1 - N78, N79

Flexible, Any <100MHz band in the

Frequency range

* FR2 support in H1 2024 with
TMYTEK U/D and BBox

2Tx,2Rx
* ATA4R support in H1 2024
(dependent on FPGA resource)

TDD
Flexible, up to 4096

30KHz
Flexible, up to 120 KHz

Flexible, up to 100 MHz
22 dBm

7-2 split CatA
+ Beam forming support in H1 2024
*  Precoding support in H2 2024

10Gbps (SFP+),

*  S-plane support in H1 2024

* 100Gbps (QSFP28) in H2 2024
*  No M-plane support planned



OAIl AI/ML Reference
Architecture
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Institute for the Wireless
Internet of Things

nt Al/ML RF Data Joint work with 7
at Northeastern University
Recording API S= S

NI & NEU jointly created and published an open-source, Python-based AlI/ML RF Data Recording API, which leverages
the USRP platform for the hassle-free and automated generation of real-world RF data sets.

Open-Source Machine

Learning Library

(3) Al/Model Training [ Al/Model Test
and Validation 3 and Inference
SigMF FORMAT T
(2) Data Pre-processing API:

Create specific training and ; Train/ VaI/Tfast
Set Collection

SOLUTION
BROCHURE

Al/ML Model and Design

N

and Optimization

I%.I

validation data sets out of data library

TRAINING /[
DATA BASE
Data Set Library
ETHERNET

SigMF FORMAT T‘ ¢

—— = =3
LINUX T > ey
COMPUTE . .
SERVER | |
oS 7‘,,\"1

B RELEASED API ROADMAP API USRP Tx USRP Rx

https://Mmww.ni.com/en/solutions/electronics/5g-6g-wireless-research-
prototyping/empower-ai-ml-research-6g-networks-rf-data-recording . html|

ni.com

Neel Pandeya



https://www.ni.com/en/solutions/electronics/5g-6g-wireless-research-prototyping/empower-ai-ml-research-6g-networks-rf-data-recording.html
https://www.ni.com/en/solutions/electronics/5g-6g-wireless-research-prototyping/empower-ai-ml-research-6g-networks-rf-data-recording.html

I'“ ni.com
NI Approach to Accelerate AlI/ML Research

Accelerate the AI/ML research by streamlining the real-world data set recording campaigns over

large parameter spaces with open source SigMF data set format.

leannn O PyTorch F TensorFlow

AIML Model Design & Optimization (3) AI/IML Model Training & Validation AIML Model Test & Inference

SigMF format
Training Data Base _
(2) Data pre-processing API: _
Create specific training and validation — Train/Val/Test set
data sets out of data library collection

Data set
library

" RF Dutuéets ;

Communiy-cantribted
tom-generated Wiréless Dataset

Ethernet

SigMF format
Linux Compute

Rx#1 for data capture
Server Txi#l X bt

— e e >

SR m LU
‘e, ‘e

X410 USRP X410 USRP _; released AP

: roadmap API



https://www.rfdatafactory.com/home-page

System-Level Prototyping and
Benchmarking for Embedded Al/ML

* Open-Air-Interface as system level IP
using ORAN architecture and running

OAIl Base Station

NQp 2a e Swarenmngon > = on COTS CPU/ Server

ke ) e * Neural receiver DUT running on Nvidia

— A ; GPU and integrated into OAI through
S T U —~ch\=mt TensorFlow RT C-API
ser n_mna Terminal RF
o oTs server " [N . - « Nl internal VST & PXI based channel
e emulator
PXI
nVIDIA‘ A (II.OIAI:TIIITIATIVI




General SDR
Toolflow Updates
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Toolflow flexibility -
Heterogeneous Compute

1GbE
UHD
Mgmt/Status
10/100GbE
USRP
Q= O -3
/ DSP (i.e. OFDM) \

Aurora

Data
(i.e. raw 1Q, VITA49,

Processed samples)

Py,
@
=
o

(0p)
=
®
QD
3,
>
(@]

Data Storage

Driver/Platform [ Application IP ]




Shown at demo floor &\ MathWorks

MathWorks Wireless Testbench

Workflows Supported

Transmit/Capture using up to 2GB/4GB of on-board storage

v
Transmit and capture wideband signals 17s of 5G data @30.72 MSPS

Workflow 1: at up to 250 Msps v'6.5s of WLAN data @80 MSPS
Radio /O v'2s at full N321 device rate (250MSPS)
Reduce data requirements by intelligently capturing only waveforms of
interest by prebuilt detectors
Workflow 2: Intelligent data capture with FPGA- v'Correlates the input signal with a known preamble sequence
Intelligent Capture based detectors and re-sampler v'Supports correlating filters of up to 1024 taps at all sample rates
v'Detect and capture a signal using signal energy as the trigger
v'Farrow-based rate conversion
Integrate custom IP blocks with RF Network-on-Chip (RFNoC™)
Workflow 3: USRP Targeting v'Radio customization
Targeting v'Rapid prototyping

v'Easy to use



4\ MathWorks

Workflow 3: USRP Targeting

Follows standard HDL Coder workflow.

Generate bitstream and control from MATLAB

Steps
1. Select Platform and parameters x. ﬁ
2. Map DUT(user logic) IOs (data & register)

3.  Generate HDL and wrap it as IP core (single click)

4. Generate Bitstream with User DUT (single click) ‘
5. Generate MATLAB script to control DUT (single click)

Setup
T (“V J
B Y Simulink Model "IP Core Gen Settings
Model . . Select IP Target Interface
o Design Simulation Core Gen Seﬂﬁrgs
Host —— ™ — adio -

MATLAG) DI <«——CE ))) ‘7 ;

' Generate and Load Bitstream
-— Generate _Build Program
IP Core Bitstream Device

{Hn&t Interface Script J

F 9

F

¢ ’ Streaming Interfaces Register Interfaces

P

. Run on
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Deployable Front-End Integration \\-2 m

SC2430 Over-the-Air
communication

— Improved Tx Pout and Rx NF / Gain
— Integrated 5G NR Band Filters

— Seamless Integration with USRP via
UHD Driver Extensions

— Multiple SRS and OAI customer
deployed systems

Thorium Up-/
Downconverters

+ SC2426 — 6-26GHz
« SC2444 — 24-44GHz
« SC2574 — Dual Channel Synth

¥ =

v SIGNAL CRAFT TECHNOLOGIES

SC2441 Deployable
High-Power RRU

— 4 Channels of 100 W (peak), 10 W
(average) Each

— 5G NR Band N78 Cavity Filters
providing > 60 dB Out of Band
Rejection

— Customer verified using SRS 5G
Stack
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