Introduction to Wi-Fi7 and UWNB
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Modern phones need a couple of wireless technologies
to meet customer & application needs
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WI-FI IS NOW

» Wi-FIi6E and Wi-Fi7 will
drive investments in new
test equipment

» Wi-Fi resource
management introduced
with Wi-Fi6 (OFDMA)
drives need for signaling
testing

» Wi-Fi player try to enter
new markets (11oT)
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WaveLAN, the starting point
for Wi-Fi development, was
used for wirelessly connecting
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Need for faster speed
and better distance
coverage.

Learn more about IEEE 802.11 testing:
www.rohde-schwarz.com/wlan Bl

The ability to connect to the
internet via mobile devices

and the rising number of smart.

phones on the market required

the introduction of features

like MIMO.

More and more people wanted Wi-Fi
at home and at work. High speed
Wi-Fi was therefore required in the
5 GHz spectrum to relieve the over-
crowded 2.4 GHz spectrum

802.11
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Enables use of the
sub GHz spectrum
for loT and remote 802.11

: internet applications. Eahanced DG (EDMG]

Multi-antenna transceiver methods
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|s50 e The advent of home office
ok, and schooling as well as
industrial applications require

improved data throughput,

reduced latency and efficiency.

The heavy use of Wi-Fi
meant that a new approach
was required. OFDMA
allows multiple devices to
communicate simultaneously.
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Test and measurement solutions from Rohde & Schwarz

cuwino

anutacturing test set

cademak of Wi Allsnce’

vireless-communication/wireless

connectivity/

rohde-schwarz.com/solutions/test-and-measuremel

ROHDE&SCHWARZ hitgs:l
Make ideas real

wifi/poster-the-history-and-future-of-wi-fi_254536.html
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https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-connectivity/wlan-wifi/poster-the-history-and-future-of-wi-fi_254536.html

Wi-Fi outlook

Shipment of Wi-Fi enabled products/devices/systems

Rapid shift to Wi-Fi6 5 Bn W| Fi7
in the next two years

Continously increasing
share of Wi-Fi6E 4Bn—

Wi-Fi7 shipments
will start in 2024 3 Bn

2 Bn

= _

2019 2020 2021 2022 2023 2024 2025
Source: IDC presentation at MWJ panel discussion (Feb. 2021)
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Some additional spectrum at 5.9 GHz
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H 1 FCC Nov. 2020
80 MHz 42 58
‘ _— 1
. 160 MHz 50 14 163

<= Dynamic Frequency Selection (DFS) %

| Regionally different rules for indoor/outdoor use, power limitations , DFS and TPC (transmit power control) !
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More spectrum for Wi-Fi at home ... Wi-Fi6E
Still in early stage with regulation in progress
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<«—— Low-power indoor (LPI) = Low-power indoor (LPI) >
<«— Standard-power outdoor (SPO) —» < Standard-power outdoor »
<«—— Very-low-power (VLP) >« Very-low-power (VLP) >

Rohde & Schwarz
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Device classes FCC Part 15 Subpart E for 6 GHz UNII

4.]\ Phase 1 o Phase 2 >
| [ Indoor (5.9-7.1 GHz; <320 MHz) Outdoor (5.9-6.4GHz & 6.5-6.9 GHz <320 MHz) ?A(\
—~ |F-.°"!'F’9“:jer indo_otr AP: - TR Standard power AP
ST Ixed, wired power, integrated ant. H Geolocation detection
“ Prohibited on cars, trains, etc. Manaoed by am AFC
EIRP of 30 dBm *. Antenna pointing angle
- S | ERPetdhcon
.................. ﬁ Standard client
o F'X B
Indoor client — controlled by AP, ﬁ/\
. * = controlled by AP, no direct client connection.
SUbo,rdmate no direct client connection N EIRP of 30 dBm I _
fixed, integrated ant., EIRP of 24 dBm (6 dBm lower than AP) Fixed client
controlled by AP, no Internet 6CD Geolocation detection
EIRP of 30 dBm - Managed by an AFC via AP
Dual client Antenna pointing angle
EIRP of 36 dBm

* prohibited on oil platforms, cars, trains, boats, and aircraft, except large aircraft while flying above 10,000 feet

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED



Regulatory effort to make more spectrum available for Wi-Fi
-

EU

UK

UAE

Brazil

Korea

Chile

5.9-7.1 GHz
AP EIRP: 30 dBm

5.9-6.4 GHz
AP EIRP: 200 mW

5.9-6.4 GHz
AP EIRP: 250 mW

5.9-6.4 GHz
AP EIRP: 250 mW

5.9-7.1 GHz
AP EIRP: 30 dBm

5.9-7.1 GHz
AP EIRP: 250 mW

5.9-7.1 GHz
AP EIRP: 30 dBm

5.9-6.4 GHz
EIRP 20 mW

5.9-6.4 GHz
EIRP 25 mW

na

5.9-7.1 GHz
AP EIRP: 14 dBm

5.9-7.1 GHz
EIRP: 25 mW

na

next: Mexico (5.9-7.1), Argentina (5.9-6.4 GHz), Peru, Colombia

Rohde & Schwarz

ViSU2021 - TechDays

5.9-6.4 & 6.5-6.9 GHz
EIRP: 36 dBm (AFC)
na
na
na
na

na

na

Part 15 E U-NIl 6 GHz

CEPT report 75

OFCOM for Wi-Fl

Press release
Press release
Press release

Press release
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https://apps.fcc.gov/kdb/GetAttachment.html?id=Vr6IwaTjmiQhQNco7Ee7DA%3D%3D&desc=987594%20D01%20U-NII%206GHz%20General%20Requirements%20v01r01&tracking_number=277034
https://docdb.cept.org/download/aefb853d-8780/CEPT%20Report%2075.pdf
https://www.ofcom.org.uk/__data/assets/pdf_file/0036/198927/6ghz-statement.pdf
https://www.tra.gov.ae/en/media-hub/press-releases/2020/12/28/the-telecommunications-regulatory-authority-tra-adds-additional-500-mhz-of-6-ghz-band-for-the-wi-fi-radio-frequency-spectrum.aspx
https://wifinowglobal.com/news-and-blog/massive-win-for-wi-fi-as-brazil-releases-full-6-ghz-band-to-unlicensed-use/?mc_cid=7729f14b14&mc_eid=cfb6494993
https://www.entirety.biz/south-korea-next-generation-unlicensed-frequency-supply-in-6-ghz-band/
https://approve-it.net/chile-subtel-issues-resolution-1807-to-support-wi-fi-6/

Extreme
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Wi-Fi7 - IEEE 802.11be some topics of interest
16 Spatial streams
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| i6omMHz | ) @ -
STA B @ '
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320 MHz

Channelization and tone plan Preamble puncturing Multi AP Coordination
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Modified tone-plan 2 80 MHz

.. I- » 802.11be tone plan is based on
-l 20/40 MHz PPDU 11ax tone
l l_ plan

+ 802.11be modifies the HE80
MHz OFDMA tone plan to fix the
problems with regulation and
puncturing (20 MHz boundery)

* The 80MHz OFDMA design
applies to any RU < 996 for all
modes of transmission, SU, DL
MU, TB PPDU, with and without
puncturing.

996 = 996r|ht
1024 X 78.125 = 80 MHz

= Embﬁﬁi s

e e e A A — —
484 |eft 484 right 484 left | 484 right

A

996 left 996 right
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EVM Requirements for ETH MU (AP) and ETH TB (STA)

BPSK 112 _5dB 13 dB _27 dB

1 112 -10dB 13 4B 27 dB
2 UPEI 304 13 4B 13 4B 27 dB
3 112 16 dB 16 dB 27 dB
4 HEGils 304 19 dB 19 dB 27 dB
5 203 22dB 22dB 27 dB
6 64-QAM 304 25 4B 25 4B 27 dB
7 5/6 27 dB 27 dB 27 dB
8 304 30 dB 30 dB 30 dB
9 Zeie 5/6 324B 3248 3248
10 304 35dB 35dB 35.dB
1" ez 5/6 35dB 3548 3548
2 304 38 dB 33 dB 38 dB
13 SORB G 5/6 38 dB 38 dB 38 dB
BPSK-DCM 7 5 dB 1308 5708
BPSK-DCM-DUP  1/2 5dB N/A N/A

DTX power > max power of EHT-MCS 7 (dB)
Rohde & Schwarz ViSU2021 - TechDays 2 TX power < max power of EHT-MCS 7 (dB) COMPANY RESTRICTED



A very limited number of available 320 MHz channels

5.925 GHz
5.945 GHz
6.425 GHz
6.925 GHz
6.875 GHz
7.125 GHz
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< SPO «—SPO——
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Construction of PSD mask for 80 MHz EHT PPDU
with the second lowest 20 MHz subchannel punctured

80MHz Spectral mask Preamble puncture mask (20 MHz middle)

0dBr

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED



There are some more features
for efficiency, throughput & low latency

Multi-link operation (MLO) Multi-AP operation

Link aggregation on MAC layer between multi-link Close coordination between APs to allow different

devices (MLD) to provide higher throughput, lower schemes of coordinated transmission
latency and better reliability (e.g. coordinated OFDMA, beamforming, processing)

STA L
Channel x Channel z X
@ 2.4 GHz @ 6GHz
IlIlIlIlIl '||I|IIIII|I fllllllllll
AP AP Trunss AP

More about TSN, sensing, low power, etc.

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED
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Early 802.11be (Wi-Fi7) support by 1E/1G

IEEE 802.1TWLAN A

640.0 MHz rd EEE 802 11be  Cap! s/Samples 0.¢ : SGL
etup 1 Tx X 1 F Ataneou wols 1/1 >PDUS
Freq 7 Att 19 dB s >

Mlxed Mode
Green Field
Sounding

Initial support for early R&D T WinlQSIM2 beta available @BESE
. FSW: 11be@ 320 MHz, 4096QAM pis e SMW/SMM — Q2/2021 cont. |11
FSx/VSE: 11ax@160 MHz, 4096QAM - - ) = il

) | 1In | Data |MixedMode H I-Z0MH 01000 PN 9 0.00" Conf...

5 | 1lac  Data | Mixed Mode VHT-80+80MHz 1 0.1000 A-MPDU 0.00 Conf... 117.00

> l‘lax‘ Data |Mixed Mode HE-160MHz 1 0.1000 A-MPDU 0.00 Conf...

GAppend | @Insen | @Delele ‘ oeopy OPaste |

Please contact Werner Durport for details Please contact Michael Kaltenbach for details

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED



We start with Wi-Fi7 promotion now!

Wi-Fi NOW CARRIERS * ENTERPRISE * IN-HOME + CITIES * SECURITY * INNOVATION * EMERGING MARKETS

WLAN IEEE 802.11be testing

Rohde & Schwarz test solutions are Virtual
designed to help test engineers to work Irtua

Wi-Fi World Congresﬂurope

Global Live Stream from Aaghus; Denmark

2 adis
.‘\".". .

already today on the 7Th generation of
Wi-Fi, which is promising extreme high
data throughput.

R&S Webinar

Are you ready for testing of Wi-FIi6E/7? We are!
Summer 2021

presented by Hagen Heggenberger and Joerg Koepp

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED



UWB ON
EVERY PHONE

» More and more UWB
applications around phones

» Very high interest on
our solutions in
production and R&D

» Next: FiRa certification
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UWB channel allocation based on 802.15.4z

* - mandatory channels

HRP: low-band HRP: high-band

0/0* 1/1 1/3* 2/5 2/8 2/10 2/13
o N cco [P s JOOON .0 OO
1/4 217 2/11 2/15

LRP: high-band

0 1 2 3
4 5 6 7 8 9

0O  1GHz  2GHz  3GHz  4GHz  5GHz  6GHz 7GHz  8GHz  9GHz  10GHz

Rohde & Schwarz ViSU2021 - TechDays



Impulse radio ultra-wideband (UWB) standardization:

|IEEE 802.15.4 (groups a, f, z)

HRP UWB PHY

High Rate Pulse repetition frequency

ERDEV

RDEV

base

BPRF

RDEV

LRP UWB PHY
Low Rate Pulse repetition frequency

long-range

ERDEV

DF w/ EPC

Modulation
BPM-BPSK
Pulse Rate:
3.9 MHz
15.6 MHz
62.4 MHz

Modulation

BPM-BPSK

Pulse Rate:
62.4 MHz

Modulation
BPSK

Pulse Rate:
124.8 MHz
249.6 MHz

Modulation

OOK

Pulse Rate:
1 MHz

Modulation

OOK

Pulse Rate:
1 MHz

Modulation

PPM

Pulse Rate:
2 MHz

Modulation

PBFSK

Pulse Rate:
1 MHz
2 MHz
4 MHz

Modulation

PBFSK

Pulse Rate:
1 MHz
2 MHz
4 MHz

Modulation

PBFSK-PPM

Pulse Rate:
1 MHz
2 MHz

802.15.4a/z

802.15.4z

RDEV: Ranging device

ERDEV - Enhanced Ranging Device
BPM - burst position modulation

Rohde & Schwarz

802.15.4flz

BPRF - Base pulse repetition frequency

HPRF — High pulse repetition frequency

PPM - Pulse Positioning Modulation
EPC - enhanced Payload capacity

802.15.4z

PBFSK - Pulsed binary frequency shift keying BPSK - binary phase shift keying

ViSU2021 - TechDays

DF -
OOK: On-Off Keying

Dual frequency



802.15.4z: Ensure interoperability for secure fine ranging
applications with lower power consumption at higher ran

Higher pulse repetition rates improve
MMM power consumption and allow reliable
communication to ranges of up to 100 m

Single sided two-way ranging (SS-TWR) and
{1 simultaneous ranging save battery live time
Ranging for UWB-LRP (low rate repetition) Y

‘\ Secure ranging by cryptographic and
&

random number generation used for
scrambled timestamp sequence (STS)

Rohde & Schwarz ViSU2021 - TechDays



HRP Enhanced Ranging DEVice (ERDEV) based on 802.15.4z

HRP UWB PHY
High Rate Pulse repetition frequency

ERDEV
BPRF HPRF

Modulation | Modulation
BPM-BPSK BPSK
Pulse Rate: | Pulse Rate:
62.4 MHz|| 124.8 MHz
249.6 MHz

LI |

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED




HRP-EREDV BPRF-Mode: SP0-PPDU encoding (802.15.42)

PHY protocol data unit (PPDU)

RMARKER (first symbol of PHR)

PHR PSDU
(PHY header) (PHY service data unit)

SHR (synchronization header)

SYNC (Preamble) PHR
(ternary code sequence) (PHY header) footer
|
64 (16, 32, 24, 48, 96, 256), Length of 8 or 64 symbols Length of 19 symbols Length of 0 to 1209 symbols
preamble repetitions modulated @ base rate BPM-BPSK modulated BPM-BPSK modulated
(1.01 Msym/s or 0.25 Msym/s) @ 850 kbps or 6.8 Mbps @ 6.8 Mbps
DNRENODEDN OEEENED

Data rate PHY Payload length Ranging Preamble length SECDED

Rohde & Schwarz ViSU2021 - TechDays



HRP-ERDEV BPRF-Mode: BPM-BPSK modulation of PSDU

Symbol Duration: T, {128.21 ns)

<< >
< Tep e Top {
Possible burst positions (g=0 Guard interval Possible burst positions (gR=1 Guard i |

p (9% >)4 uard i Rl p (90 >) P uard interva

# hop bursts: Ny, = 2

Nnop = 2

ol

gh

time hopping with polarity scrambling

M

My

0

Reed- Convolutional

Solomon Encoder
R=0.87 K=3, R=0.5

PSDU

il

1l

# chips N, {8}

Rohde & Schwarz

499.2 MHz 0.435

ViSU2021 - TechDays

Burst position (BPM
v (BPM)

BPM-BPSK
Modulator

N Pulse polarity (BPSK)

Peak Chips per Pulses Bitrate Mean PRF
PRF symbol per burst

6.8 Mbps 62.4 MHz



HRP-ERDEV HPRF-Mode: SP0-PPDU encoding (802.15.42)

PHY protocol data unit (PPDU)

RMARKER (first symbol of PHR)

PHR PSDU
(PHY header) (PHY service data unit)

SHR (synchronization header)

SYNC (Preamble) PHR

(ternary code sequence) (PHY header) footer
|
32,64 (16, 24, 48, 96, 256), Length of 8 or 64 symbols Length of 19 symbols Length of up to 1023, 2047 or 4095 octets
preamble repetitions modulated @ base rate BPM-BPSK modulated BPM-BPSK modulated
(1.01 Msym/s or 0.25 Msym/s) @ 6.8/7.8 or 15.6/31.3 Mbps @ 6.8/7.8 or 27.2/31.2 Mbps
S0 12 (o1 (s Lo 7o o n e olul sl nle]
A1/A0 PHY payload length Ranging SECDED

STS gap

Rohde & Schwarz ViSU2021 - TechDays



HRP-EREDV HPRF-Mode: BPSK modulation (802.15.4z)

Symbol Duration: T, = 32.05 ns

>

<
Thurst 4Guard mterval>< Thurst N Euard interval>

n n
9o - |eT, 91

4 pulses per bi
ppEQeEQJrQﬂ _Vp,[‘ y T{)/T“ \/I'

Peak Chips per Pulses Bitrate Mean PRF
v 18t Pulse burst (BPSK) PRF symbol per burst

Reed- Convolutional 93 BPM-BPSK 499.2 MHz 0.435 27.2Mbps  249.6 MHz
Solomon Encoder Modulator
R ~0.87 K=3 (or 7), R=0.5 glei

499.2 MHz 16 4 0500  31.2Mbps  249.6 MHz
..l---l---lli \ nd
option in case of K=7 2" Pulse burst (BPSK)

PSDU

-
n
L]
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HRP-EREDV HPRF-Mode: BPSK modulation (802.15.4z)

<« Symbol Duration: Ty, = 128.21 ns

Tourst Guard interval > < Tourst Guard interval

g1

9o
8 pulses (16 chips) per bit
oo ATl RGLAOR

—

_

Peak Chips per Pulses Bitrate Mean PRF
, ' 249.6 MH 0.435 6.8 Mb 124.8 MH
Reed Convolutional go BPM-BPSK z ps z
Solomon Encoder n Modulator
: R~087 Y K=3(or7),R=05 g’}

249.6 MHz 64 8 0.500  7.8Mbps  124.8MHz
""""""" N 2" Pulse burst (BPSK)

option in case of K 7

PSDU
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UWB Conformance & Certification

UWB Physical Layers (PHYs) and Associated ETSI EN 303 883
Ranging Techniques — 802.14.4z Short Range Devices (SRD) and

15.4 RF requirements Ultra Wide Band (UWB);
15.4.1 Operating f band
perating frequency bands ETSI EN 302 065

15.4.2 Channel assignments ) "
Electromagnetic compatibility and

15.4.3 Regulatory compliance : _
15.4.4 Baseband impulse response Radio spectrum Matters (ERM);

15.4.5 Transmit PSD mask Short Range Devices (SRD) using
15.4.6 Chip rate clock and chip carrier alignment Ultra Wide Band technology (UWB)
14.4.7 TX-to-RX turnaround time

14.4.8 RX-to-TX turnaround time

14.4.9 Transmit center frequency tolerance

14.4.10 Receiver maximum input level of desired signal

FCC CFR 47 Part 15.250
Operation of wideband systems
within the band 5925-7250 MHz

14.4.11 Receiver energy detection (ED) FCC CFR 47 Part 15.5xx
14.4.12 Link quality indicator (LQI) Technical requirements and
14.4.13 Clear channel assessment (CCA) measurement techniques ....

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED



FiRa™ Certification test process and documents

UWB PHY Technical UWB MAC Technical Join FiRa
Requirements Requirements
Prepare
(e.g. use validated test tools)
PHY Compliance MAC Compliance Certification testing

Test specification Test specification

UCI Test specification
Test mode and test Interface

= FiRa validates test tools to ensure that they conform to the requirements defined in the FiRa test specifications

(by authorized test labs)

Appl
pply

Promote

FIRA CONSORTIUM PHY COMPLIANCE TEST
SPECIFICATION

= FiRa authorizes test labs to ensure that they have the competence to conduct certification testing

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED



FIRA PHY REQUIREMENTS

FiRa Channels — 499 MHz wide channels only

» Mandatory BPRF mode, optional HPRF mode 2/5 2/8 2/10 2/13
 PPDU formats SPO, SP1 and SP3

oo P

Some of the requirements — not complete Receiver Sensitivity SPO/SP1

* The transmit carrier frequency tolerance and pulse timing shall be
essthon - 15 pom i ’

» Time Domain Pulse Mask as defined in IEEE 802.15.4z-2020 BPRF 6.8 Mbps -85 dBm
» The NRMSE of all SHR and STS packets shall be less than 25%. HPRE 6.8/7.8 Mbps -85 dBm
» The NRMSE of all PHR and PSDU packets shall be less than 30%.

» Ranging accuracy shall be £10cm with =295% success rate HPRE 27.2/31.2 Mbps -80.dBm
at 0 to 10 meter separation in LOS environment. Receiver Sensitivity SP3
« If the device supports AOA, AoA accuracy shall be +5° with 295%
success rate at 0.1 to 2 meter separation and AoA coverage of (- ~ ey
60°) to (+60°) in LOS environment.
32 -85 dBm

FIRA CONSORTIUM UWB PHY TECHNICAL REQUIREMENTS V1.1 Jan. 2021

Rohde & Schwarz ViSU2021 - TechDays COMPANY RESTRICTED



FIRA PHY CONFORMANCE TEST CASES

Transmitter Tests

PCT1.1.1: BPRF - Packet Format

PCT1.1.2: HPRF - Packet Format

PCT1.2.1: BPRF - Power Spectral Density Mask

PCT1.2.2: HPRF - Power Spectral Density Mask

PCT1.3.1: BPRF - Carrier Frequency Tolerance and Pulse Timing
PCT1.3.2: HPRF - Carrier Frequency Tolerance and Pulse Timing
PCT1.4.1: BPRF - Baseband Impulse Response

PCT1.4.2: HPRF - Baseband Impulse Response

PCT1.5.1: BPRF - Transmit Signal Quality (NRMSE)

PCT1.5.2: HPRF - Transmit Signal Quality (NRMSE)

Receiver Tests

PCT2.1.1: BPRF - SP0 & SP1 Packet Reception Sensitivity
PCT2.1.2: HPRF - SP0 & SP1 Packet Reception Sensitivity
PCT2.2.1: BPRF - SP3 Packet Reception Sensitivity
PCT2.2.2: HPRF - SP3 Packet Reception Sensitivity
PCT2.3.1: BPRF - SP0 & SP1 Dirty Packet Test

PCT2.3.2: HPRF - SP0 & SP1 Dirty Packet Test

PCT2.4.1: BPRF - SP3 Dirty Packet Test

PCT2.4.2: HPRF - SP3 Dirty Packet Test

PCT2.5.1: BPRF - SP3 Packet First-Path Dynamic Range
PCT2.5.2: HPRF - SP3 Packet First-Path Dynamic Range
PCT2.6.1: BPRF - Packet Format

PCT2.6.2: HPRF - Packet Format

FIRA CONSORTIUM PHY CONFORMANCE TEST SPECIFICATION V0.8 Feb. 2021

Rohde & Schwarz ViSU2021 - TechDays
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Typical PHY measurements for HRP UWB devices

Defined in IEEE 802.15.4 incl. 802.15.4z Additional measurements

« Regulatory requirements: Maximum « Chip/symbol clock jitter analysis

allowable output power spectral density . Chi | phase ii Vs
e.g. FCC/IETSIV 41.3dBm/MHz Chip/symbol phase jitter analysis
« Main lobe width / peak

« Baseband impulse response: _ _
» Side lobe width / peak

* Normalized cross-correlation o _ _ _
(main/side lobe limits) « Transmit signal quality using a normalized

root mean square error (NRMSE) metric
* Chip/Symbol EVM
* Preamble/data Power

* Pulse amplitude mask
« Transmit power spectral density mask
» Chip rate clock and chip carrier alignment

accuracy of + 20 x 106 « Power vs Time
- Transmit center frequency * Receiver sensitivity
tolerance of + 20 x 10° < ...
\ J y

ETSI related documents ETSI EN 302 065 and ETSI EN 303 883
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Ranging estimation based on two-way ToF estimation

SS-TWR: single-sided two-way ranging DS-TWR: double-sided two-way ranging

@ @
I

RFRAME\TX ................................. ;I_prop __________________________ ‘

RVARKER~ t 1

_ (l+eA) X TAround B (1+eB) X TBrepIy

prop — 2
error = 0.5 (g X Tgreply — €A X T Around) Distance = Cpg X T A _ TaroundX T Bround 'TArepIyX TBrepIy
prop Tprop =
€g; 4~ Clock offset error Car = 29.97 cm/ns TAround+TBround+TArepIy+TBrepIy
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The on-board antenna delay determines the accuracy of the
ToF and AoA measurements — need to calibrate and verify!

Processing Antenna Antenna Processing
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Trepy = tre + 2X 1y,

Dependent on the
implementation the
onboard antenna delay

can easily vary by 1 ns
which could result in a
ranging error of more
than 30 cm




Selected solutions for test and verification of mobile devices

Performance Conformance Production
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R&S®CMP200

R&SCMW270/500
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CMX500

R&S®ATS800R R&SEZNA R&SENGM200
RF design and compliance Embedded design and power
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Continous promotion of our UWB solutions

White Paper Application Note

HIGH RATE PULSE ULTRA UWB TESTING WITH CMP200
WIDEBAND PHYSICAL LAYER
TEST AND CERTIFICATION

ROHDE&SCHWARZ ROHDE&SCHWARZ
1 2 Make ideas real
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R&S Webinar
‘Testing UWB in
Automotive

May 19t 2021

presented by
Martina Neuherz
Nikola Serdar
Werner Durport
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ROHDE&SCHWARZ
Make ideas real

thank
YOU
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