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Agenda

- Introduction and Applications

. Software Defined Radio Architecture and Platforms

- Hardware
. Software

- bG Vectors of Research
- PHY Enhancements
- Massive MIMO
- mmWave
- Wireless Networks
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Connecting the Hyper Connected Everything
Starts with Frototyping

Data Rate Power Consumption Security

Capacity Coexistence Monitoring
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SDR Algorithm Prototyping Applications

Communications & RF
|dentification

Medical Devices &
Internet of Things

Utilities & Infrastructure

B ||
=== Y

------------

Research Topics

Aerospace & Data Rate Automotive &
Defense : Car to Car
Capacity
- Power Consumption
Coexistence
Security
Land Mobile & denieio Satellite Comm &
Safety Radio Navigation
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High-Resolution Software Defined Radar System

for Target Detection

Flexible Radar Prototyping

- Rapidly switch between synthetic-aperture radar (SAR), Radar Meteo,

Doppler, etc.

- Easy implementation of new radar signal processing algorithms.

- Low overall system cost with wide frequency coverage
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F1GURE 10: Scheme of indoor test setup.

Mormalized amplitude
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) M3 SYSTEMS

Olivier DESENFANS, M3
Systems

Developing an Open Multiconstellation GNSS Receiver

Multiconstellation Position Tracking

- Track multiple global navigation satellite constellations concurrently,
recording, processing, and visualizing the results

- Acquisition performed by ORUS (open software receiver developed by M3)

- Current coverage for both GPS (United States) and Galileo (Europe)
constellations

A3 11 USRP Record and Process - (0B vi
Fie Edt View FProject Operate Tooks Window Heb

i

Record Process Visualization ® scquisition @ Recording @Processing ~ Visualization

ORUS results
a0 v Refresh

Results Graph
1100011101001 22500,00-

USRP NI-2920

Navigation message
Phase measurements

ORUS Range measurements ;
M3 Systems % 2
A 4 ‘
Navigation PVT
;1 Start Visualization
[ } i M g o s s o ok e PP | S
Acquisition and o ) ik
. RF Front-End Tracking Navigation ol ———— vin
Multi-constellations multi-frequencies open software receiver
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http://sine.ni.com/cs/app/doc/p/id/cs-15407

Position Detection & Localisation Imperial College

% London

: : : . : Dr. Athanassios Manikas, Imperial College
Testing MUSIC direction finding algorithm

Rapid prototyping in LabVIEW with MathScript RT

. . External
Synchronized up to 12 USRP devices

Reference provides continuous phase Refin | |PPSin
alignment compensation
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Network

Direction Finding (uniform linear array) Cable
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Host
Computer

Network Gigabit
Cable Ethernet
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https://youtu.be/qBvpllCqDR0

Software Defined Radio Architecture

Multiprocessor Subsystem s RF Front End
Reaktime signal processor Host processor H  General Purpose RF
» Physical Layer (PHY) » Medium Access Control (MAC) — / ~\ e Dual LOs
e Ex FPGA, DSP Rx/Tx control  Contiguous
: « Ex. Host GPP multicore CPU Frequency Range
pu
............................ N 1]
T L
% J
>
Host Connection
Determines Streaming Bandwidth — 8
Ex. Gigabit Ethemnet, PCl Express.
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NI USRP
Software Defined Radio Ecosystem

rrrrrrr &#GNURadio

B eccc

LabVIEVW

= Extensive
N

iy Analysis
Libraries

—» Multiple Programming
Approaches

_, NIFUniversal Software

Radio Peripheral (USRP)
e e - - Up to 6 GHz

_ High-performance
FPGA-Based <

Architecture
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NI SDR Hardware

Platforms

FlexRIO, NI 579x

USRP RIO 294xR/295xR

Frequency Range:

FPGA:
Bandwidth:
Host Bus:
Calibration:

Frequency Range:

200 MHz to 4.4 GHz (aligned)

Kintex-7 410T )
100 MHz/200 MHz de BV &
PXI| Express x4 (~1600 MB/s) ared LO
Minimal, system

50 MHz to 6 GHz options (coherent)

FPGA: Kintex-7 410T NIV
Bandwidth: 120 MHz bandwidth N
- AR Host Bus: PXI Express x4 (~800 MB/s) eSea
 NeW: - Calibration: Minimal, system
USRP-292x/293x Frequency Range: 50 MHz to 6 GHz options (coherent)

FPGA: Host processing H
Bandwidth: 20 MHz bandwidth ost
Host Bus: 1 Gb Ethernet (100 MB/s) Streaming
Calibration: None, user

USRP-290x Frequency Range: 70 MHz to 6 GHz
FPGA: Host processing

- S Bandwidth: 56 MHz bandwidth (theoretical) Teaching

Ne - Host Bus: USB 3.0/USB 2.0

Calibration: None, user

ni.com




NI USRP-2900 / NI USRP-2901 Teaching Platform = New, »

Turnkey Courseware Topics
v Intro to Communications
v Digital Communications

Key Beneflts . ’““;; .fjf“.whﬁ .j;.]
« Affordable o . N W_ g
* Plug and Play (USB 3.0/USB 2.0) Features

 Expanded performance

_ - Built-in 2x2 MIMO Support
(frequency, bandwidth, channels)

- Continuous coverage from

70 MHz to 6 GHz
Reducing the cost of building a teaching lab . Up to 56 MHz of bandwidth

by more than 60%!

- Convenient USB 3.0 connectivity

NATIONAL
- LabVIEW Comms ONLY ’\7|NSTRUMENTS”

ni.com
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NI USRP RIO: 120 MHz Bandwidth

/
Software Defined Radio Audience ewy
L YV
Applications - Industry research
- bG wireless prototyping - Mil/aero/gov
- High-channel-count MIMO - Academic research

- Wide bandwidth, low latency

Front
Features O e ———
: '\ Zas v 85 e (ﬂ.a ﬁ.m:— f,;.,-\_,-__ :".._n
- 2 channel Tx and Rx with RF options 50 MHz-6 GHz abﬂ_jg@*" = 'J'AJ@@
- Customizable Xilinx Kintex-7 FPGA, 410T Back

- Optimized RF performance (400 point characterization)
- Powered by the LabVIEW RIO Architecture

- 120 MHz Real-time Bandwidth =
4 m_i '?5; A AET %_; ?5:,;3;
- PCIl Express x4, 800 MB/s streaming D2 B
- GPS disciplined clock option NATIONAL
| Sebl Py "7INSTRUMENTS”
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NI USRP RIO Cabled PCle Interface Options

S0 n D@ 0

PX| [1 MXle x4 Cabled PCle
Interface aﬂ S 800 MB/s (200 MHz BW)

S0 n D@ 0

MXle x4 Cabled PCle
800 MB/s (200 MHz BW)

& e

Qi DO oo,

‘7 NATIONAL
INSTRUMENTS

MXle x4 to x1 Cabled PCle #=
200 MB/s (50 MHz BW)

* Max possible data rate (theoretical real-time bandwidth)



NI USRP RIO
Integrated GPS-Disciplined Clock

GPS Antenna Glotaal Position

Prec;ision Time

control o
Precision Frequency

Ref

- Improved frequency accuracy
(with or without GPS lock)

- Global time & frequency sync

f= i
&29 —=— SR :
=l @) - GPS location information
L W NATIONAL
o NI USRP-295xR Devices p¥ INSTRUMENTS




Software Defined Radio Architecture

Multiprocessor Subsystem
Reaktime signal processor Host processor
» Physical Layer (PHY) *  Medium Access Control (MAC) -

» Ex. FPGA, DSP Rx/Tx control
: e Ex. Host GPP multicore CPU

-

Host Connection
Determines Streaming Bandwidth
Ex. Gigabit Ethemnet, PCl Express.
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Today's Development Challenge

P
Tools

e Math (.m files) ~ ® Host Control (C, C++, .NET) R

* Simulation (Hybrid) * DSP (Fixed Point C, Assembly) %: %

e User Interface (HTML) e H/W Driver (C, Assembly) L A
e FPGA (VHDL, Verilog) - & System Debug FPGAS

e SDR development requires multiple, disparate software tools
e Software tools don't address system design

Long Learning Curves
Limited Reuse
Need for “Specialists”

¢ |ncreased Costs
® |Increased Time to Result

v NATIONAL
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NI USRP RIO Driver Software (Host + FPGA)

200 MHz Data Clock

Your Host Code DMA ggg; Fractional M Frequency ™ Impairment
Here FIFO Here Decimator = Shift = Correction

Your Host Code DMA
Here FIFO

Fractional ™ Frequency M Impairment
Interpolator = Shift = Correction

Rx |
i e
Tx
EEa—
Q

RF
! J
!
| | | - NATIONAL
| Host PC PCI Express x4 Cable NI USRP RIO "'-(INSTRUMENTS“
ni.com




LabVIEW Communications System Design

The Next Generation Platform for Software Defined Radio

Hardware Software Learning

Multirate Datafiow | Distit

PR
i 0T

|

i3

; !‘ ] [ | e i Tt
e 3
- T > - ‘
¢ |z

Hardware Aware
Design Environment

- : In Product
Ao f Learning

VPGA Tangot_ @ (NI 19 768)

F
-3
o,
[-% FPGA Targat_8 (N1 7976
-
o,

-

Reference Signal Bits
0.707,
10031110 0 —34

»Design Exploration
_ Algorithmic L
- : — Design S e e
B 3 g (co7077

mmwn”””‘””mm“mu“‘"l“m v
w ‘ ~ " . W
Config disaggregate chunks to 32

Pewy Languages o
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ardware-Aware Design Environment

System Throughput
and Latency

« @ M1 Pxle-108s

| 3

6'6‘ d‘d’d‘d‘d‘-d‘d‘d‘ﬁ':ﬁ'k‘d‘
' II

Source Code S a———
Management & N

Synchronised Execution Hardware
Management
Interactive, visual - Enables system discovery and verification of system setup
representation of - Provides hardware documentation and visualisation of available resources
the physical . Allows for design partitioning and deployment
system that: - Enables articulation of system architecture W NATIONAL __
’ INSTRUMENTS
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S| Msymbols H
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| «20of2w functiond = resha ape ( V) o—}
oH Chani the dlme s of an input e
Tay f dimension. 10
- ; 20— | I 1
< = Ll A -
22 E ]
7 23| ¥ CP insertion = 30 1 1 !
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25 40 | | |
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« » 7
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- Flexible design approach with dataflow (G) and text nodes for C and .m
- Text nodes for C and .m support syntax highlighting and function completion
- Both G and the text nodes support full debugging with breakpoints and probes
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Limit Output Options

Design Exploration = ..

o Add/Subtract Number of Bits (Relative):

- . Float to Fixed
\/l U ‘tl I'a te C— Ana|y8|s and Histogram

A,

+/-from Integer Component 0 Qs
+/-from Fractional Component 0
.. . oundin [ Round to nearest ies to evenl ¥ |
Intuitive Multirate E—
. [ oo |
D S P D eS I g n T Invalid fixe .. = =
Reference Signal Bits )
@ 0. 707001 7 I D+ 01 =

100 1 1 312 312 &40 1

. - - - g =
@%1,0,0,1,1,1,1,0,... 7 —_ ———— ~ . 56 igg I r | Cutput
e _' 150 i e
-0.707001 > igg

[0.707001 >

Input I g ] =0 Ao ] Static Scheduling &
Dats 0707001 | Pipelining Based on
Throughput and Latency
Block + 0 250 500 750 1000 1250 1500 1750 2000 : Constraints
Interleave Strear 50 7

Distribute Strean 1 200

Interleave Strear 1 513

ni.com v




Ready-to-Run Examples

USRP RIO Sample Project - Full Duplex Streaming

See the diagram for more information

Overview
This VI demonstrates how to transmit and receive data using NI USRP-RIO 294x/295x device:

Instructions

s on a device. This is part of a simple USRP RIO streaming sample project.

1. Find the USRP RIO device name in the Measurement & Automation Explorer (MAX). Change USRP RIO device control below to match the name in MAX.
2. Enable the desired channels and antenna. By default, both channels are enabled using the controls below. Make the physical connections on the device.
3. Run this VI and verify the received signals. For more information, open the USRP Streaming.html instructions.

Sample Projects: Source Code to Start Your Design

Usre 0 Devce Refrence Fracuency Sorce enetns FlexRIO (Xilinx-7 Series) & 579x RF Adapters*
[ri0 | [(nterma R O
_/—I Enable RF D I— /—I Enable RF 1 I—
Rx Freguency RF O [Hz] Rx Freguency RF 1 [Hz] IR chan0 [
— || - b il Pl w@-@Q vz ey ve—
Tx Frequency RF 0 [Hz] Tx Frequency RF 1 [Hz] "_E \ J w ‘M " e F r We L S -
— — . {i‘ | Mw | a0 Sy | 0 e’ e e
LO Frequency RF O [Hz] LO Frequency RF 1 [Hz] % ] o et o — e, E— T
— — L |
Reference Level RF 0 [dBm] Reference Level RF 1 [dBm] —
I ——c B NI USRP (292x/293x)
Output Power RF 0 [dBm] Output Power RF 1 [dBm] 120_:
[_CHEIEN o S
Sample Rate [5/s] Tone Freguency [Hz] e o Wm REO x'{«’:';‘f’g} REY °
| | e 1 m:!m -
— sTOP o MB ¢ ¢ WMWY ss(e |8 .

NI USRP RIO (294x/295x)

- Synchronization and Timing Control across multiple RF Front-Ends & FPGAs
- Corrected RF, Arbitrary Rate Conversion, Frequency Shift

ni.com

* Check FAQ for list of supported FlexRIO HW

v NATIONAL
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5G Vectors

100GHz sopcyum o
erikimster wave bands

< B0 MH; specrumin
{
curont oellulir bands =i Sarbile

(_A". w6 | sodH |

00WHz  3GH: 206GHz
A=m A=W0m A=10mm

INSTRUMENTS'
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5G Vectors

PHY
Enhancements

§ 1Ml IviIvAL
I
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LTE and 802.11 Application Frameworks

— == Applications
| Real-time wireless system implementation « Customize LTE and 802.11
=1 .
Lo Ready to run PHY and basic MAC » LTE/802.11 coexistence
— g Communicate between devices or in loop-back mode * New ©G waveforms
: -| Open and Modular Source Code
=B =188 ~50% of FPGA resources available for customization
. e ) Replace existing blocks with your own waveform U,O
designs 76 Olal'.eQ'/
Fastest path from algorithm to prototype t,-,‘,';fnS/Fs '
H = Single language for host and FPGA design in LabVIEW 9!
. g Documented for ease of use and understanding
VNATIONAI.
’ INSTRUMENTS




LTE Application Framework: New Waveforms

Go quickly from concept... ...to real-world prototyping
sit) — I |
st
Modulaticn
E.If%h%' to AF Band
si(t) .
s E

Ej{m—ﬂ?n%]

Sp_1(t)

" To Channel
o L
15— 1{”

(&)

Source: B. Farhang-Boroujeny, “OFDM Versus Filter Bank Multicarrier,”
IEEE Signal Processing Mag., Vol. 28, No. 3, pp. 92 — 112, May 2011.
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GFDM-LTE Coexistence Prototyping

LTE legacy link B5G demo scenario S5GNOWWY
= realized by the LTE

application framework

L TE RX | rx [3068]

Fragmented spectrum use case with
- Synchronous LTE legacy link +

- Asynchronous 5G user using
nc:n—r::rthr::gr:mal GFDM waveform

LI'—-| na

-— N| USKHP RIO

— |
' ' LTE TX TH

]
' 3d8 |~ .
P Asynchronous oG user using
—_— .
GFDMTX | -,
ccle || loFomT | TTLEE
' * Visualization/KPls
P\ NI USRP RIO /
- BLER of the legacy LTE system
RX spectrum| RX |3ds . RX QAM constellations
b~ GFDM TX prototype . TX + RX power spectra
S 55 :bams . 89" 2 > basedon the LTE
~ application framewaork ¢ narlONAL
"INSTRUMENTS

ni.com




Moditying the LTE Application Framework for GFDM

- OFDM modulation:

- Inverse FFT conversion
- Cyclic prefix (CP) insertion

[ LTE
FYRILINK IFFT £ece =

- GFDM modulation:

- FFT conversion
- Pulse shaping filter
- |Inverse FFT conversion

config (G

GFDM modulator bypass >
Iog2(M) =
>

M
CP length *
log2(M*K) ~
log2(gain) *

nfig e

"""""""""""""""""""""""""""""""

.................................................

nab ....................................................

|
valid (> - ?ﬂfpi
; L) FFT ready for data

ni.com
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5G Vectors

Massive MIMO
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MNATIONAL Products Industries & Support &

INSTRUMENTS Applications Services Community Academic

L}
NI and Massive MIMO ounm
National Instruments and Lund University Announce Massive MIMO Collaboration

New test bed leads the way for next-generation wireless systems research.

AUSTIN, Texas - Feb. 24, 2014 - National Instruments and Lund University today announced a collaboration on the
development of a test bed capable of prototyping a massive multiple input, multiple output (MIMO) system. The test bed will
consist of a massive MIMO base station with 100 transmit and receive nodes. Researchers can link several pieces of user
equipment that simulate mobile devices with the massive MIMO base station. They can emulate a real-world scenario in order
to evaluate how the performance of massive MIMO compares to theory.

UNIVERSITY

INDUSTRY

% University of Industry leaders who wish to not be named.

BRISTOL

v NATIONAL
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Building High-Channel-Count Systems

- Mount 2 units in a compact 1U rack
- Sync time and freqg with external 10 MHz and trig

Front: USRP RIO — 4x4 MIMO

Back: USRP RIO — 4x4 MIMO

DO _T5h. ewmi@ @;.;@gj@:

B . - -@;ﬂﬂ&g%@&mﬁ,ﬂt&m@,mnmﬁ

Octoclock

‘7 NATIONAL

PCI Express x4 Cables INSTRUMENTS'




v, Sweden

5G Massive MIMO at Lund Universit

Goal: Build a cellular massive MIMO, 100x10 antenna system

to validate theoretical results with real-time processing

g
Prof Fredrik Tufvesson
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5G Vectors

mmWave

100GH: sapeyum @

eriliaterwave bands
<520 Mz speckumin ,.—*'x_\\
N i
curnint oaflulas bands. |G 7080 GH

(_} h ®eHz | MOGH |

\

00MH:  3GH: 06k 00 CH:
A=1m A= M0m A=T0mm h= tmm
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NYU Wireless: mmWave Channel Sounder NYU:-pOly

POLYTECHNIC INSTITUTE OF NYU

- Channel sounding at 28, 38 and 72 GHz
- Prototype system uses FlexRIO and LabVIEW

' .!' Legend
- '-3 48 17 Transmitter Site
w. ® Receiver Site

B Receiver Site
behind a building

"0l e———

INSTRUMENTS
ni.com
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Multi Gbps Cellular Access and Backhaul Prototype
1 GHz BW baseband using shipping NI products!

Base station

mmWave Transceiver UD

s B | b g | T | 9 | i g+ | Bt g+ st | i s | AL = | s | e |

o L e
P

_—

Wil Iu p”
(({ })) ::::. "'i.iu-'-—'ﬁ'-.-_.n.,..n.:,,.-,_-_,-_h_-,
Lt SET W = -
mmWave - - : — ceen | o= L
backhaul / - RN ERE "f‘_—v_ o s s ~
link e sy el —_— "
Access point ' z e
o ‘ o088
= e, B4 B T s
I mmWave TR i .
4 access link ey
i
| isih 0 o 0 o odF o Oie © O & & & O & O
| 1
by
§ 7 ‘.la‘- =3 -
B L e =
.____/'
V.V
i
43 Al
User device e L i G SR

ni.com

PXle-8135 Controller
(Real Time OSAVindows)
2.3 GHz Intel Core
17-3610QE

AT 1212
2 channels, 1.25 GS/s
650 MHz analog BW, 14 Bit

NI 5771

2 channels, 1.5 GS/s,

900 MHz analog BW, 8 bit
PXle-5652

Signal Gen. 500kHz-6.6GHz
freqres. < 1ppb

PXle-7975R
Kintex-7 FPGA, 2GB DRAM
DRAM BW: 10.6 GB/s

PXle-1085
18 slot, Gen2x8 PCle
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’ INSTRUMENTS




2014 Nokia mmWave Prototype

“The development took the
Nokia team one calendar year,
half the time of other approaches.”

Cooperate on 5G research and innovation to develop and validate N
next-generation mobile broadband technology

Cellular Access Point System User Device (Handset) System

The experimental 5G PoC system will
be implemented using National
Instruments’ baseband modules which
make up the state-of-the-art system
for rapid prototyping of 5G air
iInterfaces today.

W
a EVEN _—PD M ":_ CoviEw a

Host PC PXI FlexRIO  RF and RFand  PXI FlexRIO Host PC

Baseband Antenna Antenna Baseband

‘7 NATIONAL
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Nokia 5G mmWave Beam Tracking Demonstrator (1 GHz BW)

Mobile device

Firé% 5é derﬁos
CEATEC 2014

l;ll:;; l‘lll:i:
9000009000 ®
2332333322233333
‘7 NATIONAL
’ INSTRUMENTS
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NI and Nokia Demonstrate 10 Gbps \Wireless Link
Brooklyn bG Summit

| World's First 10 Gbps mmWave Link - April 2015 |

e &
Mational instruments resm

E’"
ﬁi ﬂ{’

|

X [
HE
|
E

1000
boos -
I R R R

|

@ 9 98 9%
“

|

t
1
|
!

ENTS
ni.com




5G Vectors

Wireless Networks

T RS ROENTS
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bG Wireless Networks: Design Directions

Heterogeneous Cellular Network Architecture

Wi-Fi-Enabled
Small Cell

Wi-Fi-Enabled
Small Cell

- Hyperdense networks

- Software defined networking (SDN)

- Cloud radio access network (cRAN)

- Cellular/802.11 coexistence and coordination

- Next-generation 802.11 stack

NATIONAL
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Architecture for Protocol Stack Explorations

ni.com

|

[802.11][ LTE ]l( MTC 1 loT 1

A

Open Source Upper Layer Stack (e.g. ns-3)

} ins-3 )

§:

|

[802.11 Ref Design] [ LTE Ref Design ]

PHY/MAC Stack in LabVIEW

} =2 abVIEW

U

Y

PXI Systems

NI Hardware

~

p—

LA T
i,

USRP RIO

J

NATIONAL
INSTRUMENTS
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Platform-Based Design for b
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Summary

- SDR is rapidly advancing wireless technologies across industry, academic, and
defense applications.

- Platform-based design is accelerating the design flow, significantly improving
time to results.

- Learn more at; ni.com/sdr

‘7 NATIONAL
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http://www.ni.com/sdr

NIDays Recommended

Next Sessions

13:45 - Fleming Room
(Keynote Room)

Afternoon Keynote
Inspiring and Enabling Generations of Innovation

Joined by Professor Danielle George — University of Manchester




Stay Connected During and After NIDays

R0 ni.com/community
Bl facebook.com/Nationallnstruments
] twitter.com/niglobal

@ \outube.com/nationalinstruments
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