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Trends in Wireless
Connectivity
Standards

What’s next for Wi-Fi, Bluetooth, and UWB

Jake Harnack | Chris Luton



Wireless Connectivity Standards

£3 Bluetooth
—~

) g

Sy

IEEE 802.11 Bluetooth SIG IEEE 802.15.4/4z FiRa emerson | K11



Strengths

Common Applications

What's next

High data rates
High power and range

Home/office connectivity
Video streaming
Transferring large files

IEEE 802.11bn (Wi-Fi 8)
Ultra High Reliability

€3 Bluetooth’

Low power consumption
Positioning
Mesh, broadcast, and point-to-point

Audio streaming
Peripheral connectivity
Location services

Bluetooth LE high-accuracy
distance measurements and
high data throughput

‘"

UWB

>

Low power consumption
Highly accurate positioning
Security

Location services
Key fobs

IEEE 802.15.4ab

Advanced ranging, sensing,
and low-latency
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5G mmWave Auto
2G/3G/AG/5G 5G FR1 5G FR3 5G mmWave FR2 Backhaul
<1GHz .
loT MCU 60 GHz Wi-Fi

1GHz 2GHz 3GHz 4GHz 5GHz 6GHz 7GHz 10GHz 20GHz 30GHz 40GHz 50GHz 60GHz 70GHz 80 GHz

5
r

6 GHz VST2
PXle-5841 + Ext. LO 5655 (opt.

5-12 GHz IF VST
PXle-5830 -+ Opt. LO 5653

6-18 GHz

SC2250

5-21 GHz IF VST 23-44 GHZ head
PXle-5831+ LO 5653 +switch
PXIo-5842 (26,5 GHz, Pulse 1/0, MGT Shreaming, Pricing Opiions)

26.5GHz VSG and VSA
with up to 2 GHz Instantaneous BW and
industry-leading EVM performance .@
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Testing Connectivity Standards with NI VST and RFmx

D untitied Project” - InstrumentStudio

File Edit Help 9
A E ntumentstp "R
B oo | m | m <
Pemomities e
RF SIGNAL ANALYZER ol
PXie-5842 ACP W Trace v | AP v Results v PXI1Slot15 - PXle-5840 - Slot 15
Reference Channel Power  -13.20 dBm ST0P SINGLE
Offset
o 1 2 3 4
100MH: | 200MH | 300MH:  400MH:  SO0MHz

lutePower -3203dBm  -T760d8m  -8111d8m -8304d8m  -83.48d8m In
vePower -1883d8 | -6440d8  -6991dB  -694d8  -T0284B

stePower -3174d8m  -T733dBm  -8338d8m -8340dBm  -8354dBm ne
Upper Offset Relative Power | -1854d8  -6473d8  -70.8d8  -70.0d8  -T034d8

OnboardClock

File  Edit

| Anslyzer.fmsfp *
RF Signal Analyzer
Nl Pe-5840

|
Personalities | | __Spectrum Anlyzer Blugtooth Instrument ol

Slot 16 + VST

OFDMModAcc ¥ Constellstion ¥ Datz [l Pilot

Frequency Refe

OnboardClock v

Personality o]
Frequency ¥

Center Frequency

Reference Leves

0.00 d8m Auto Level
width
v -
OFDMModAcc ¥ RMS EVM per Subcarmier Mean ¥ | OFOMModace ¥ | | Resuts ¥ Meassurements Add/ Remove
-51.58.d8
e OFDM Modulation Accuracy ol
Composite Pilot 528548 Masimum Merstnemont Lerighhs
Spectral Flatness 33848 16 symbals
pectral Fistness Margin Subcarner Index 340
Survibes of S ) s Frequency Error Estimation Method
Moise Compensation Applied False Priacnble s Pilots ;
S Error N TH %
T H Amplitude Tracking Enabled
Frequency Error CCDF 10% 000 Hz
. . symbol Clock Error Mezn 0.00 ppm
Relative 1/ Origin Offset Mean 825748 Phase Tracking Enabled
e - e( : r I I I r S e I V e r - AbsolselQ OrgnOffetMesn 272 dam
-51.58 08 /Q Gain Imbalance Mean 00048 "

26.5 GHz frequency
Up to 2 GHz bandwidth RFmx Test Software

Personalities for WLAN, Bluetooth, Spectral Analysis, etc.
PXle-5842 Cross-Correlation EVM loopback,

measured"* Interactive soft front panels
Wi-Fi 7, 80 MHz BW, 6 GHz -57 dB

Wi-Fi 7, 320 MHz BW, 6 GHz -53 dB
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Wi-Fi
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b Wi-Fi®

by the numbers

2023 $3.5

trillion

economic value

cumulative

annual device
device shipments 3.8

shipments
billion

o Vi eY Wi-Fi 6E access

e in
million points

628 global public
access points

million

Wi-Fi 6E device i

Sources: Cisco, IDC, Telecom Shipments W|m
Advisory Services, Wi-Fi Alliance®

A
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Wi-Fi 7 Introduces
Exponential Growth
in Test Cases and

Complexity
320 MHz
4096 QAM
OFDMA
1024 QAM
6-7 GHz
Wi-Fi 5 Wi-Fi 6/6E Wi-Fi 7

INCREASING TEST CASES & COMPLEXITY

NI CUSTOMER CONFIDENTIAL

320 MHz

CHANNEL BANDWIDTH

4096-QAM

MODULATION SCHEME

8X MIMO

SPATIAL STREAMS

5X DATA RATE

> 40 Gbps

MULTI-LINK

2X CONCURRENT CHANNELS
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Wi-Fi 8 UHR (Ultra High Reliability)

IEEE 802.11bn

- Target applications

+ Metaverse, augmented and virtual reality

* Robotics, industrial automation for industrial 10T,

logistics and smart agriculture

Goals

* Increase throughput by 25% compared to 802.11be

* Decrease latency by 25% compared to 802.11be

* Reduce MPDU loss by 25% compared to 802.11be

———
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Task Group Timeline
MILESTONE PROJECTED CURRENT
PAR approved July 2023 July 2023

First TG meeting

November 2023

November 2023

DO0.1 January 2025
D1.0 Initial WG Letter Ballot May 2025
D2.0 WG Letter Ballot May 2026
D3.0 WG Letter Ballot January 2027
D4.0 Initial SA Ballot May 2027
Final 802.11 WG approval March 2028
802 EC approval March 2028
RevCom and SASB approval May 2028
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Potential PHY Changes in 802.11bn

Tracking the impact of Wi-Fi 8 on RFmx

- Deferred or rumored features
«  mmWave >> IMMW Study Group (42-71 GHz)
« >320 MHz channel bandwidths
- 8k QAM

» Probable features
* Distributed resource unit (dRU)
« Hybrid dRU and regular RU (rRU) mode
* Extended frequency range up to 7.25 GHz

*  Multidimensional PPDU design

*  Multi AP coordination
N _ introduced in 802.11be
*  Multilink operation

5 GHz 6 GHz
Wi-Fi Wi-Fi

! 1 L L ! NG
I 1 I I I z

4GHz 5GHz 6GHz 7GHz 10GHz



Distributed RU (dRU)

26 26 26 26 13 13 26 26 26 26

52 52 52 52

Regular RU (rRU) 106 108
\ ~2 MHz BW }

v

242

26 tone rRU 20 MHz

I A 4 Max PSD for 6GHz Low Power

< > > R Indoor Wi-Fi: 1dBm/MHz
— >
Distributed RU (dRU) >
Boost transmission power Improve coverage range
* Rate vs Range
ZUU < Rate vs Range e R U, 67 Hz S0M-RU242 2x4-255 DNL
» W +— 4V LPI 80M RU242 - ey dRU, 6G Hz 80M-RU242 2%4-255 DNL |
RU Size rRU Tx Power dRU Tx Power (dBm @ J{k TEN.DNL
(dBm)  dRU>BW20 dRU->BWA40 dRU->BWS0 = W\
RU26 2.08 | 10.21 13.22 13.22 TN
RU52 5.09 | 11.46 13.22 16.23 £ 11
RU106 8.18 i 11.74 14.55 16.31 . NN T ||
RU242 11.77 ] 14.46 16.89 ol LI __D > 40m range extension i
RU484 14.78 17.47 “
. ; 20 \‘.\.___
power boost Source: MediaTek D o
X .0 300 400 500 600 700 200 :L;fl;t:::]e] i:):;] 20.0130.01400150.0160.0170.0180.0190.0200.0

Source: MediaTek



Wi-Fi 8 EVM Measurements in RFmx WLAN

Channel Bandwidth (Hz
Channel Bandwidth (Hz) i bl L S et onowidin ) EWM | Impairments & PPOU Info |
Resource Name standard - EVM | impainments & PPOU Info - 2 / 8m ey
Standard Channel Bandwidth (Hz) _ & Impairments g 5841 = 9 802.11be )
Resource Name - EWM | impairments & PPOU Info. | ¥ 841 = o  80211be - 640M i
T g wibe 7 480M 7 g Composite EVM Center Frequency (Hz)
b Composite EVM Center Frequency (Hz) 3 RMSEVMMean (dB) |  -56.62

Center Frequency (Ha) A RMSEVMMean (d8)|  -40.16 g 51200006 Measurement Length

P RMSEVMMesn(dB)|  -41.78 g 51800006 Measurement Length DetaRMSEVMMean (d8) | 5656

i 51800006 Measurement Length o i (dB) -40.16 Reference Level (dBm) Mheasrement Offset (symbols) N °

Mean - erenc 2 z u - =

alridaktaia ot T Data RMS EVM Mean (d8) 4.7 Reference Levl (48 Mesremere Ot (ymbot) & . P e 9 b o) i Pilot RMS EVM Mean (d8) | 57.34

3 Messurement Offset symbols) 0 Pilot RMS EVM Mean (d8) e 9 000 y Maximum Measurement Length (symbols) £} 16

J = Maximum Messurement Length (symbols) 1} 16 External Attenuation (d8) Bt Messir et fnths vl ) = Number of Symbols Used External Attenuation (dB) Number of Symbols Used

5 ermal Attenuation :
Extemal Attenuation (48) ™ Lo 5 o [ 1 9 0.00 ie
9 020 | w . RMS EVM per Subcarrier Mean
. RMS EVM per Subcarrier Mean L
. L H P . RMS EVM per Subcarrier Mean Frequency Ertor stimation Method . Phase Tracking Enabled Frequency Error Estimation Method  Phase Tracking Enabled
lu:n!clq’ rror Estimation Method .hast racking Enabled A e or— & o olale htted :) Preamble and Pilots :) T
Friqusicy Refeserice & Preamble and Pilots 7 True Frequency Reference e e v == s i
=y Channel Estimation Type Amplitude Tracking Enabled = Channel Estimation Type Amplitude Tracking Enabled
OnboardClock = Channel Estimation Type Amplitude Tracking Enabled Frequency Source | OnboardClock 15} A y Frequency Source | OnboardClock A ;-
Frequency Source | OnboardClocl A - p — 2 AFg eference and Data 3 False " § Reference and Data ¢ False
Frequency (Hr) §f  10.000000M g Fojemnce D v bt Frequency (H3 §  10.000000M ; G oo £ 2
‘Symbal Clock Eor Comection Enabled Symbol Clock ror Comection Enabled Symbol Clock Error Correction Enabled

A = 9 True 7 True
> 2000 © 1000 2000 3000 4000 ]
Trigger Subcarrier Index Trigger Trigger
Averaging - Averaging Averaging
1Q Power Edge Enabled R EVM per Subcarrier Mean [ 1Q Power Edge Ensbled & 1Q Power Edge Enabled 3
Averaging Enabled 77 False Constellation Dots [ Pilot @ Averaging Enabled 7 False @ Aversging Enabled ,1‘ True
1Q Power Edge Level (d8) Averaging Count 7} 10 TTTTTETTCTETE 1QPower Edge Level (d8) Meigeg Comt 4 10 2 1Q Power Edge Level (48) Averaging Count ) 10
- - q - 7 -20.00 A
7 2000 a 880 DEEgag o 7 7 -20.00 -
 Trgger Delay (s) M eocoossg@naacaas i Trigger Delay (s) 05 Trigger Delay (5) s
A T noomo ¥ = n
) 0.00 g 0.00 : a 00 B
Minirnurn uiet Time Mode i soauos Eaan Mg T loge i Minimum Quiet Time Mode 5
A ‘ 2 o
7 L= ertor out 9 o error out g Auto ek E
'ﬂlmmum Quiet Time (<) code hﬁ:mmum Quiet Time (s) e Minimum Quiet Time (s) o
g 5.00u 5.00u status  code o
v = s o ¥ o & oc
_J ﬂ 9 5.00u i] ro— o
source source 135
Ii, I——A 1 source

| .

480 MHz EVM 640 MHz EVM U (size 52

. &
ni.com EMERSON. |

ERNAL - NI CONFIDENTIAL




Bluetooth

&
emersoN. . T 11



Annual Bluetooth® Location Services
Device Shipments

NUMBERS IN MILLIONS

-mfl] 563

318 MILLION

annual shipments

255

Bluetooth® Enabled Device Shipments e
by Radio Version

Annual Bluetooth® Data Transfer

Device Shipments
NUMBERS IN BILLIONS NUMBERS IN BILLIONS
8 o2 177 ‘
" —y 1.48 1 . 9 1
7 0 e it
TODAY 07 oy
6
5 T— - 2019 2020 2021 2022 2023 I 2024 2025 2026 2027 2028 I
/ 9% CAGR A
4
3
2
° of key new smartphones, tablets, and
laptops support dual mode (Bluetoot h"®
1 1 o o /o Classic + Bluetooth LE)
0
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 All key platform devices support Bluetooth” Classic and
Bluetooth LE
. Bluetooth Classic . Bluetooth Dual-Mode Bluetooth LE

Data Source: ABI Research, 2024

3 5 Bluetooth” peripheral devices are expected to
] ship in 2024, growing to 5.5 billion in 2028

BILLION

Peripherals will continue to drive the growth of Bluetooth®
device shipments

INTERNAL - NI CONFIDENTIAL
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¢3 Bluetooth

The global standard forsimple, secure device communication and positioning

Bluetooth® Classic Bluetooth® Low Energy

Solution Areas Solution Areas

AUDIO STREAMING DATA TRANSFER AUDIO STREAMING DATA TRANSFER LOCATION SERVICES DEVICE NETWORKS
Device Communication Device Communication Device Positioning
L L]
1
o= [ ] [ ]
® @ ] ® X X ® )
2

L] L

POINT-TO-POINT POINT-TO=-POINT BROADCAST MESH PRESENMCE DISTANCE DIRECTION

Basic Rate/Enhanced Data Rate Radio Low Energy Radio

2.402-2.480 GHz ISM 2.402-2.480 GHz ISM

SPECTRUM: 2.4 GHz ISM band SPECTRUM: 2.4 GHz ISM band
CHANMNELS: 79 one MHz channel with Adaptive Frequency Hopping CHANMELS: 40 two MHz channel with Adaptive Frequency Hopping
BIT RATES: 1Mb/s, 2 Mb/s, 3 Mb/s BIT RATES: 125 Kk/s, 500 Kb/s, 1 Mb/s, 2 Mb/s

&
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¢3 Bluetooth

The global standard forsimple, secure device communication and positioning

Bluetooth® Classic

Solution Areas

Bluetooth® Low Energy

Solution Areas

AUDIO STREAMING DATA TRANSFER

Device Communication

X

POINT-TO-POINT

Basic Rate/Enhanced Data Rate Radio

2.402-2.480 GHz ISM

SPECTRUM: 2.4 GHz ISM band
CHANMNELS: 79 one MHz channel with Adaptive Frequency Hopping
BIT RATES: 1Mb/s, 2 Mb/s, 3 Mb/s

AUDIO STREAMING DATA TRAMSFER LOCATION SERVICES

Device Communication Device Positioning

% JOL % o % |

POINT-TO-POINT BROADCAST MESH PRESENCE DISTANCE

DEVICE NETWORKS

Increase accuracy for distance

Low Energy Radio

I SPECTRUM: 2.4 GHz ISM band

CHANNELS: 40 two MHz channel with Adaptive Frequency Hopping
I BIT RATES: 125 Kk/s, 500 Kb/s, 1 Mb/s, 2 Mb/s II

2.402-2.480 GHz ISM

DIRECTION

Open additional spectrum

Increase bit rate

&
EMERSON I.“



Channel Sounding (HADM)

« Goals

— Improve accuracy of distance measurements from 3-5m (RSSI) to 10-30 cm

— Improve security and minimize interference

« Applications

— Real-time location services

— Secure building access

— Digital keys (automotive)

— Proximity detection

* Implementation

— Uses phase-based ranging across multiple frequency tones

— Uses round-trip timing

Mode Description

Mode 0 Used to exchange synchronization information to align on timing and calibrate frequency of one side w.r.t. the other

Mode 1 Used to exchange a Round Trip Timing (RTT) packets

Mode 2 Used to exchange phase-based ranging (PBR) CS tones, to measure phase and amplitude of the communication
channel

Mode 3 Used to exchange both RTT and PBR CS tones

INTERNAL - NI CONFIDENTIAL

Source: Tl

Device Positioning

I
o L] L
L | & L]
PRESENCE DISTANCE DIRECTION

ToF <|: /
ToA,

Time Time

RTT = 2 ToF = (ToA, — ToD,;) — (ToDg — ToAg)

VAN

'/VZL Reflector

Source: SiLabs
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Bluetooth Channel Sounding Tests

Personalities Bluetooth®

Modulation spectrum

Af > 500 kHz —

Power ramp

40 dB ramp down

Power Ramp Settling Time

Power Ramp Time

__ Power Ramp Time

Active Packet

Y

d

40 dBm

time <5 us

Modulation Spectrum

-4160

TP w Trace ¥

-0.45 dBm

A

Trace

A4

1L

L

Modulation Spectrum = ¥ Results v

Bandwidth 704.627 kHz
Low Frequency | 2401648658 GHz
High Frequency = 2402353285 GHz

ni.com

Settings

=) Waveform Settings
] Packet Settings|
1#% Dirty Tx Settings
-4 Impairments

A
;& Hardware Settings

Generation Duration

Generation Mode
Infinite ~

Power Ramp

Rise Time Mean 2437 ps
Fall Time Mean 2437 ps
40dB Fall Time Mean = 4.750 ps

Eﬂ] RFmix Waveform Creator for Bluetooth

Packet Settings

Packet Type
LE-C5-1M -

Auto Modulation Index

Packet Header
LT Address
b o

ARQN

Configure Payload

BW Bit Period Product
0.5 w
Modulation Index

0.5 =

UAP

Flow
b o

SEQN
b

Summary (Data, Length)
PRBS9, 16 bytes

Whitening

Enabled Clock

LE Access Address

= 71764129 Advanced
Save Load Preset
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Bluetooth Channel Sounding Phase Measurements

CS Detrended Phase: returns
the zero-mean detrended
phase versus time trace

Stable Phase Test: 95% of
&,malnl are 20 degrees or less

Personalities

MedAcc

01

0.079

0.058

0.037

0.016

-0.005

0047 |f

-0.068

ModAcc

hd

hd

Bluetooth®

C5 Detrended Phase

CS Tone Amplitude

996.9n

20

hd

hd

Modhlce

-100.04

-100.1
996.9n

0.00
-12.00
-24.00

0
-48.00
-60.00

-72.00

-120.00
0 10u

Average P Mean
-1.53 dBm

C5 Tone Phase

2y

W ok el M b
! Uil ﬂ_l‘|'_rl| | i»|""[“’ |||if||[~. |||]’ l JW'I [||| | h"l.r' W

20p

hd

29.9u

39.9u

49,9y

.h
I\

A
I‘||.'1|]" oA M (VL
WP A Y
|.r |] Wi ~|I||rrl

59.9

-JW

69.8u

I'l-"||1

Preset Layout

RF SIGNAL ANALYZER

L PX11Slotd - PXle-5841 - Slot4d
PRESET RUN SINGLE
No errors or warnings
Instrument
FREQUENCY REFERENCE SOURCE
b3
ol
EEHRGS Packet Settings
—— Packet Type BW Bit
& Hardware Settings LEC5-1M
=il Waveform Settings B >
ﬁ Padket Setting Aiibn Mo dotine Ted el il;
lﬁ Dirty Tx Setti] g Advanced Packet Settings
M Impairments
Channel Sounding
Packet Format SYMNC Sequer
C5Tone - lor
Phase Measurement Period
10us -
Sounding Sequence
arker Posi
00 a
100 &7
Generation Duration
Generation Mode Tone Extension Slot Enabled
Infinite False v
I r'ﬂll{'ﬂ fh |‘-\ }
{8l s
Trd
BURST SYNCHRONIZATION TYPE
—aa Preamble
79.8u
AVERAGING EMABLED AVERAGING COUNT

10

Apply Filter as

Burst Sync FM Demod

Phase
measurement

ni.com



High Data Throughput (HDT)

« Goals

Improve data rates of Bluetooth LE 2M PHY
Support rates up to 7.5 Mbps
Shorten time to transfer data between devices

Enable new applications that require > 2 Mbps

* Applications

Enhanced data transfer rates between devices

Streaming high-definition audio

* Implementation

Longer packets, extended payload length (hyperlength)

Higher order modulation (single-carrier), up to 16 QAM

« Test challenges

Stricter EVM requirements
Extended payload length (hyperlength)

ACP limits (new measurement at +/- 3 MHz)

INTERNAL - NI CONFIDENTIAL

2 Mbis 3 Mbls 4 Mbis 7.5 Mbis

LE HDT
Designation HDT2 HDT3 HDT4 HDT6 HDT7.5

Proposed TX
EVI\HIImIt -10 dB -13dB -16 dB -19 dB -22 dB

Proposed

maximum drift
rate of the non-
ideal source 4 Hz/us 4 Hz/us 2 Hz/us 2 Hz/us 1 Hz/us

used in
sensitivity
measurements

P4 QPSK 805K 16 QAM bn..b0
13- - 13- kb 10+
7 7] #0111 001 .
08- 001 () 05- 1110 1 1101 1100
06- 05- 05+
04- 04- o010 #000 04
1010 1011 1001 1000
0.2- 2= 0.2+
< 0b < a0 < 00
02 = 10 027 o ool 0001 w000
04- Q4 - L DA~
05- 011 010 05~ e
08~ 05— oo o1 mon oo
#111 o101 08~
l= ' | ' 1 | 1 [ [ () 1=, [ 1 1 ' 1 1 1 u [ -10-, ' | | ' ! " L) ! [
-11 08 06 04 02 00 02 04 05 08 11 11 08 06 04 02 00 02 04 06 03 11 -10 08 06 04 02 00 02 04 056 0B 10
1 1 1

Data Rate

2Mb/s
3Mb/s
4Mbl/s
6Mb/s
7.5Mbl/s

Modulation Coding Rate Termination Payload Bits Per
Sequence- two Symbols
symbols (Bits)

Pi/4-QPSK 1/2 4 2

Pi/4-QPSK 3/4 4 2

8PSK 2/3 6 3
16QAM 3/4 8 4
16QAM 15/16 8 4

S
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Higher Frequency Range for Bluetooth LE

77179
GHz

5G mmWave Auto
2G/3G/AG/5G 5G FR1 5G FR3 5G mmWave FR2 Backhaul Radar
<1GHz 2.4 GHz 5 GHz 6 GHz -
Bluetooth | Bluetooth |
2.4 GHz - _5/6£Hz_

1GHz 2GHz 3GHz 4GHz 5GHz 6GHz 7GHz 10GHz 20GHz 30GHz 40GHz 50GHz 60GHz 70GHz 80 GHz

5
r

Goals Test Challenges

« Higher data throughput « Additional spectrum coverage

« Lower latency « Coexistence testing and coordination w/
« Accuracy performance Wi-Fi and other standards
Applications

» High-resolution audio in congested environment
* Video streaming
* Multi-channel surround

&
EMERSON I.“
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RFmx Connectivity Features

In Development

FY 2024

July-Sept ‘23

Oct-Dec ‘23

Jan-Mar ‘24

Apr-Jun ‘24

WIiFi 8 spec tracking,

research and planning

WLAR

Early Access 640 MHz ModAcc

Bluetooth Channel Sounding and HDT spec tracking

Channel Sounding packet generation
Bluetooth

Channel Sounding Phase Measurements

Channel Sounding TxP

INTERNAL - NI CONFIDENTIAL

2 /4 MHz ACP for EDR

Channel Sounding Power Ramp

Channel Sounding Modulation Spectrum

Channel Sounding Transmit Antenna Testing

Channel Sounding BT 2.0 (df3/df4)

Bluetooth HDT packet generation

Bluetooth HDT TxP

Bluetooth HDT ACP

pl
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UWB
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Indoor

%]

Ticket Validation
(Public Transport
Services)

Navigation

&

0

jl *
\
=l *

')

SMART CITIES & MOBILITY

UWB Use Cases...

Asset
Tracking

Social
Distancing

T

Q

Unmanned
Store Access

@ Tap-Free
Mobile Payment

SMART BUILDING & INDUSTRIAL

V2x* and
Autonomous Driving

Indoor Navigation

Viehicle Digital Key
(Standardized by CCC) Ticket Validation

(Public Transport

Rider Identification Services)
(Private Transport
Services) Reserved Seat

Validation
Transportation
Sharing (Find a Bike or
Scooter Mearby)

Transportation Fare
Payment

Ride Sharing elD Validation in
(Precise Positioning) Crowded
Envircnments

Driverless Valet
Parking and Pick-Up  Parking Garage

Access Control

Image from FiRa Consortium

Social Distancing
Controlled Access

Physical Access
Control

Indoor Mavigation

Employee Gathering
in Emergencies

Asset Tracking
Find Equipment
Patient Tracking

Teleconference
System

Proximity-Based
Patient Data Sharing

Tap-Free Mobile
Payment

Unmanned Store
Access

Foot Traffic and
Shopping Behavior
Analytics

Exhibition Attendee
Management

-=.and many more .,.%..

Targeted Marketing

Drone-Controlled
Delivery

In-Vehicle Payment

Point and Trigger
Controller App

Point and Trigger
Controller App

Residential Access
Control

Easy (Logical) Access
to Personal Devices

AR Gaming

Residential
Access Control

Gesture-Based
Control

VR Caming and
Group Play

Find Someone/
Something
Mearby

Presence-Based
Device
Activation

A



UWB Market Trend

UWB Market & Application Trend

1,400.0

1,200.0

1,000.0

800.0

307% CAGR

Mil. Units

600.0

2018 2019 2020 2021 2022 2023 2024
m Smartphone m Others ® Consumer Tag
B Automotive Access = Smart Home Devices B RTLS B2B

Copyright Techno Systems Research Co., Ltd.

(o)
(o)
400.0
—
200.0 I
. B I

2025 2026

Consumer Wearable

2027

INTERNAL - NI CONFIDENTIAL

Smart home controls

RTLS (real-time location system)

Asset Tracking .
| = People Tracking y

&
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UWB Basics - Band Allocations

Band Group 2

CH15: 1354.97 MHz

CH11: 1331.2 MHz

CH10 CH14

CH12
) } ] 1 > f

CH13

/
=
Band Group 0 Band Group 1 E
CH4: 1331.2 MHz % CH7: 1081.6 MHz
EII-II:] EII-I1 CII-IE CI:H é EI:I'.-'. EI:IE CI:IB
45;9.2 34'_33:4.4 395; 3.6 445;2.3 EdéQ.E EH&E.B

1
yaéﬂ 7987.2 B486.4 BO9B56 9484.8 9984.0

Figure 1: |[EEE

L

FiRa uses Band Group 2
only with CH9 being
mandatory

INTERNAL - NI CONFIDENTIAL

Bluetooth
Zighee
- Wi-Fi Wi-Fi
TT} GPS 802.11b/g/n/ax 802.11a/n/ac/ax
8
- Requires much
3 wider frequency
& coverage
o UWB Spectrum
2 3.1-10.6 GHz
(0
Noise Floor
1.6 24 31 5 10.6
f(GHz) d
emerson | T

Qorvo
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Signal & Packet Format

 Ultra-short pulses in time domain, Ultra-wide +  Sync = Synchronization Section
iﬂjﬁfq”e”"ymﬂefﬂ?‘”' JE— «  SFD = Start-of-frame Delimiter

TEL T e + PHR = Physical Layer Header

""" - STS = Scrambled Timestamp Sequence

. PHY Payload Field = Physical Layer Payload

e TR T sFD PHR [[{[PHY Payload
sFp sTs PR [IEHVRaYiosd
sD PHR [[PHVRayiead T sTs

SFD | STS &

emersoN. . T 11

Other wireless
communication
Bandwidth: 1 MHz

Other wireless
communication
Bandwidth: 20 MHz

Spectral Density

UWB
Bandwidth: 500 MHz - several GHz

Frequency
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Double-Sided Two-Way Ranging (DS-TWR)  rwr«er

TX/
Trounai Treplyz RX
Device A - i - time
E E TpT‘O p _)E : TPTOP _)E : Tpro p
> [ | «— | :(—

Device B

When the clock synchronization between devices are absent, DS-TWR improves accuracy with both devices
measuring the time between packets. Estimated time of flight (ToF) could then be derived as

oY
N
Yo

7} 7}ound2

eply1l

T (Tround1 ' Tround2 _Treplyl'Treplyz)
p

rop = & |
p (Tround1+Tround2+Treply1+Treply2) emerson. | 111
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Angle-of-Arrival (AocA)

Other UWB device

©)

— Antenna

o 9
UWB d
v T Antenna
2

"D\ AcA (8)

-p Received signal

o

The AoA (8) is a function of the Phase Difference of Arrival (PDoA)

A

Ap * ¢
— : ' i d ) — Images from Mobile Knowledge
6 = acos ( S f) The ideal antenna spacing is ideal = 5

s

EMERSON I'“
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Nt UWB Enhancements - IEEE 802.15.4ab

Additional coding, preamble and modulation schemes

 Existing variants:
— Base/RDEV or Ranging DEVice (802.15.4)
— ERDEYV or Enhanced Ranging DEVice (802.15.4z) )

SDEV/ARDEV/LLDDEV

* These new variants are introduced in 802.15.4ab:
— EMDEV (enhanced modulations)

- HPRF (Higher Pulse Repetition Frequency) modes with additional data modulation
choices to better supportranging )

— SDEV (sensing) P ————— | 2

* Modes supporting sensing

. BPRF+HPRF
— ARDEV (advanced ranging)

(ERDEV)

I
I
I
I
I
 Modes improving the first path sensitivity by accumulating the channel sounding :
sequence from a sequence of fragments each sent in a separate millisecond to utilize |
the allowed per millisecond regulatory transmit power budget :
I

I

I

I

I

I

I

— LLDDEV (low latency data) HRP Base

 Allows dynamic selection between modulation rates and coding schemes with a special (RDEV)
PHR (packet header) arrangement )
| | existing
 All the above variants are built on ERDEV and shall support HRP-ERDEV mandatory features L e e |
&

ni.com EMERSON. nl
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Nt UWB Enhancements - IEEE 802.15.4ab

Narrow Band Assisted multi-millisecond UWB

* Distributes UWB over short bursts spanning N milliseconds providing an

emissions up to N*37nJ
« Uses a Narrow Band Companion link to provide time and frequency sync

+ Allows low-complexity UWB procession to integrate energies

Infﬂafﬁme(?jandqu(ﬂSync

A

Image from I[EEE

| &
ni.com EMERSON. I-. l
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Nt UWB Enhancements - IEEE 802.15.4ab

NBA Multi-Millisecond UWB (ranging example)

- UWB NB : : : NB UWB
: : : : : TF
: : syne,
: : schedule :
N B cata K ... .. .. ...
TF - : : —P e,
sync ' :

used to

L i schedulefassist
| | | :  UWBRx
used to _ UwB ﬁI I e l I ﬁ
assfsf E - - --:- ------ - -- . (= - ---.- - om - - -*- -* ----- .
UWB Rx : : : :
4_I.l.'.. UWB*
A Dol il b UL L L LS AL
f - status signaling f }
“ & @ #s # # # # & ¥ & @ _il iiiiiiiii & & @ i. - o W iri ® ® & & & & ®# gYE 8 8 F .
A g time-stamps; commurnicated via R
UWRB and/or NB or OOB, as needed) :
) : : o ﬂme Image from IEEE
Device A ; ; ; Device B ;
' " fragmented multi-milisecond UWB - &

ni.com EMERSON. nl
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NI UWB PHY Test Solution

Complete FiRa PHY Conformance Test

- Hardware
« PXI Vector Signal Transceiver

* Colby XT-200 Programmable Delay Line instrument
- Software
» Ultra-Wideband Test Toolkit*

= Intuitive and flexible software ready-to-run code
modules in LabVIEW and C#

= Precise ToF ranging and AoOA measurement support

= On-the-fly 802.15.4z/FiRa waveform generation with
deterministic timing engine

= Tightly synchronized DC, digital, analog, and RF
measurements with unified test platform

*based on MaxEye UWB Toolkit

INTERNAL - NI CONFIDENTIAL

PHY Specification
EEE 802.15.4

AutoDetect

True

Mean PRF (MHz)

15.60

PHR Rate (MHz)
6.81

Data Rate (Mb/s)
6.81

MAC CRC Type
CRC 16

STSConfiguration

PreambleParameters

v| | SFDType

~| | Mo Symbels in SFD 3
Ho

Packet Configuration

sP0
Segmentlength
64
Custom Length
16

Save 5TS to File
False

STS file path
1

Std SFD

8

Num of Building Blocks

~| [

Gap Length

>0

=

Cipherkey

4A5572BCO0TI8CSES 180244909
2F1BS5

++++++++++++++++++++++++++++
++++++++++++++++++++++++

rrrrrrrrrrrrrrrrr

CustomReferencePulse
Ref Pulse Configuration -
UserdefinedRefPulseSpec.
t0
&
| 0.0000

Roll-Off Factor(0'te 1)
05

Fira

CERTIFIED

EMERSON.

nt



Modulation Accuracy (34) Frequency Offset (Hz)
JPreambIanund? 98,2003 312119
o PHR SECDED Status Main Lobe Width (ns) Clock Offset (PPM)
UWB Measurements
o Side Lobe Peak <0.3 Pribe S e B T T
N 2.27373675E-14
Preample MRMSE (dB)
Mean PRF (MHz) Pulse NRMSE (dBm) YT
62.4 -24.4291669
5TS MRMSE (dE)
Data Rate (Mhby's) Preamble Peak Power (dBm) 0
6.51 -13.3550148
‘ Supports IEEE 802'15'4 and 15-42 HRP Preamble Code Index Preamble Avg Power (dBm) P?E;ZZA;E(CIEJ
10 -22.9005451 '
standard S Dseewsem
= cak Power (d8m) -10.8555894
- FIRA PHY and MAC Specifications 1.1 (2.0) 575 Avg Power (¢Bm)
0
Data Peak Power (dBm)
-7.81641674
L4 Supported TeStS Diata Avg Power (dBm)
-22.8033728 In Phase UWE Pulse Quadrature Phase UWE pulse
0.07- 0.0076-
* Power Measurements - I
. 0.0012-
- Modulation Accurac $ oo
y IEEE 802.15.42
* Frequency and Clock Offset Measurements WB
-0.01- -0.0002 -
+ Spectral Emission Mask ALLIANCE ' ' o

EXFEIE

* Pulse Main Lobe Width
* MAC CRC, Packet Error Rate and Payload Bits

- Baseband Impulse Response
- UWB Pulse Time Domain Mask
« Time of Flight (Ranging Test)

CEIVIERKOUN H BN



RF Software Connectivity Features

RFmx WLAN

RFmMx
Bluetooth

UwB
(MaxEye-
based)

INTERNAL - NI CONFIDENTIAL

July-Sept ‘23

Early Access dRU

Oct-Dec ‘23

Early Access 640 MHz ModAcc

Jan-Mar ‘24

In Development

FY 2024

Apr-Jun ‘24

Bluetooth Channel Sounding and HDT spec tracking

Channel Sounding packet generation
Channel Sounding Demodulation

Channel Sounding Phase Measurements

Channel Sounding TxP

2 /4 MHz ACP for EDR

Channel Sounding Power Ramp

Channel Sounding Modulation Spectrum

Channel Sounding Transmit Antenna Testing

Channel Sounding dfl/df2 measurements

Bluetooth HDT packet generation

Bluetooth HDT TxP

Bluetooth HDT ACP

FiRa PHY Conformance spec tracking

FiRa 2.0 Certification

OTA Evaluation and App Note

802.15.4ab support

ToF/AoA for VST3

FiRa 2.1 Secure Ranging

EMEESON I.l l
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