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Impulse radio ultra-wideband (IR-UWB)
Standardization by IEEE and driven by a strong ecosystem

) 7020 Vil

IEEE 802.15.4a IEEE 802.15.4z IEEE 802.15.4ab
High-Rate Pulse Repetition HRP UWB HRP UWB enhanced ranging Next generation UWB
bWB Fira  xomlox O c&

AAAAAAAA @

IR R Y

@ @ - S
sortium.org ectivity.org aes2.org csa-iot.org

Rohde & Schwarz



Towards the ultimate mobile user experience
empowered by the next generation of UWNB

Targets of IEEE 802.15.4ab task group:
€ Optimized ranging performance
€ New data transfer capability

€ Standardized sensing capabilities
4

Improved interference avoidance
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Enhanced Ultra Wideband (UWB) - IEEE 802.15.4ab

Enhanced
modulations

Advanced "% Standardized

ranging sensing
HRP-ARDEV HRP-SDEV

Low latency
data services

HRP-LLDDEV
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Short recap on 802.15.4z HPRF modulation

SECDED Systematic 3
encoaer convolutional Symbol [ Spreader
encoder to burst st BPSK
Systematic K3, REli2 gk pattern  EEVSTEIETEE modulator

or i
Reed-SO|0m0n K=7, R=1/2 Systematic bit mapplng 2nd
encoder burst pattern

k
91
g& Parity bit for the ki symbol ~ gX Systematic bit for the kit symbol sp  time-varying spreading code

Constraint PHR PSDU
length (CL) bitrate bitrate

CL3
CL7

Symbol duration: Ty, = 128.21 ns

A

TBPM TBPM

P

A
A\ 4
A 4

Toust (150 0UrSE) Guard interval Tt (279 burst) _ Guard interval -

(16 chips) | | (16 chips)

T L

Rohde & Schwarz

3.9 Mbps 6.8 Mbps
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Enhanced modulation for connectivity improvements

Improved link budget and/or reduced air-time, low-power low-latency streaming, higher data-rate streaming allowing at least 50 Mbps of throughput

HRP-ERDEV (BPRF) HRP-ERDEV (HPRF) HRP-EMDEV (HPRF)
e= High data rate — low latency —

| DRHM_31p2 i1 DRHM_62p4 |  DRHM_124p8
DRBMLP/HP | Symbol duration: 32 ns | Symbol duration: 16ns | Symbol duration: 8 ns
Symbol duration: 128 ns J Data rate: 27.2/31.2 Mbps J f| ... Datarate: 62.4 Mbps ) fh— Data rate: 124.8 Mbps
Data rate: 6.8 Mbps Coding: CL3/CL7, (LDPC) | Coding: CL7, (LDPC) ‘.| Coding: CL7, (LDPC)
Coding: CL3 || PRFouy 499.2MHz  PRFaenc 4992MHZ | PRFpeyc 2496 MHz
PRFpexc 499.2 MHz 11 PRFyeay: 249.6 MHz | PRFyeay: 249.6MHz | PRFyeay: 249.6 MHz

PRFyeay: 62.4 MHz
BPSK modulation — two bursts per symbol, two guard intervals

1 purst f." | st DRHM_7p8 DRHM_1p95
| Symbol duration: 128 ns |||“ | \ ||| U || ‘l |‘ Symbol duration: 513 ns
L Data rate: 6.8/7.8 Mbps ‘I\J\ I \ |l H M Data rate: 1.95 Mbps
“ " Coding: CL3/CLY, (LDPC) \ ‘|'\' | W Il M ~***  Coding: CL7, (LDPC)
I PRFocyc: 249.6 MHz ‘| ‘\' ') ” 'U II‘M PRFocy: 249.6 MHz
1 (] PRFyean: 124.8 MHz e T PRFyeay: 124.8 MHz
guard guard guard

—
==

CE—— | ow data rate — Long range —
Enhanced Ranging DEVices (ERDEV) == [nhanced Modulation DEVices EMDEV) ==
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Dynamic data mode enabled by PHR1 code and optional LDPC

Transmitter data rate and coding may be varied from packet to packet, depending on channel characteristics by selecting one data
mode out of the supported, indicated by the PHR1 code as listed below

PHR1 Codi PHR2 PSDU < Dynamic rate PHR >
Code | “°™"9 | datarate | datarate 20 bits x 128 chips 512 chips 23 bits

O0xFFFFF LDPC % x1.95 1.95 PHR1 code PHR?2

Ox04ccc  CL7 1.95 1.95

Per codebit 32 pulses CL7 coded with %2 of PSDU
0x01999 LDPC %2 x 7.80 7.80 at 2-chip spacing burst data rate in case of LDPC
0x070F0 CL7 7.80 7.80 plus 64 chips gap coding of data
0x025A5 LDPC  %x31.20 31.20
0x043C3  CL7 31.20 31.20
0x01696 LDPC  %x6240 62.40
— 2314 1al 7 s o iolalaelse o 9o 2
0x0255 LDCP %x12480 12480 PHY payload length | ™ Hos (it cro)
0x04C33  CL7 12480  124.80 (up to 4095 octets) Ranging/sensing
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R&SESMW200A vector signal generator
The fine art of signal generation

Features
One or two RF paths
Frequencies up to 3, 6, 7.5, 12.75, 20, 31.8, 40, 44,
56 or 67 GHz
Internal RF modulation bandwidth up to 2 GHz
Up to 8 basebands with real time coder and ARB

Support of all important digital standards

Integrated fading section for channel emulation with
up to 800 MHz fading bandwidth

Support of all key MIMO fading scenarios
Integrated GUI

Configuration via touchscreen

Rohde & Schwarz



Signal generator solutions: software applications

The art of easy signal creation

Directly on instrument
(internal)

Using WinlQSIM2 PC software
(waveform playback)

Waveform generation

Waveform playback

Sortoaonf R&S®SMW200A  R&S®SMM100A

r i I s

Vector Sig Gen

» R&SCSMBV100B  R&SCSMCV100B
R&S®SMM100A ﬁ a5 | —
| R&SPSFIMO0A  R&S®SGT100A
= : R&SPCMP200  R&SSPVT360A
R&S®SMBV100B
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UWB signal generation with R&S®SMW200A

Hardware configuration
=  Wideband baseband main module
=  Wideband baseband generator path A
= Baseband extension to 1 GHz
= RF path A (20 GHz)

Additionally, for 2 path version:
= Wideband baseband generator path B
» RF path B (20 GHz)

Rohde & Schwarz

Signal creation software options
= HRP UWB option
= BPRF HPRF
= HRP UWB MMS option
= Enhanced modulations
= Low latency data
= Multi-millisecond ranging
= HRP UWB sensing option
= |EEE 802.15.4 O-QPSK option



R&S®SMW200 Introduction Demo

Rohde & Schwarz



T
=0
A
T>
20
O
m
<<

ADVANCED RANGING
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HRP-ARDEV
Improving the ranging performance by optimization
of the allowed transmit power per millisecond slot

Example: Gain due to distribution of a SP3 packet over two millisecond slots Transmit power is limited by the

+ maximum Peak Power of 0 dBm
0dBm b ; ; Peak power: 0 dBm ; .  Power Spectrum Density (PSD) of
T 29dBm -Z-G{JBm -41.3 dBm/MHz averaged over 1 ms,
vv % +28dB N +324B this corresponds for a 500 MHz
-5 dBm - -58d8m ; Z X : channel to -14.3 dBm/ms or 37 nJ

-10 dBm -

Split of a UWB ranging packet in short
fragments spanning N millisecond slots
increases the energy budget to Nx 37 nJ

-15dBm

Average power
-14.3 dBm/500 MHz

per millisecond ] ]
Moreover, it allows longer ranging pulse

sequences to improve receiver sensitivity.

“—— 1000 s ——>i¢— 1000 pis —"
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HRP-ARDEV
Ranging Sequence Fragment (RSF) consists
of a repetition (32, 40, 48, 64, 128, or 256 ) of MMRS symbols

+ Each RSF consists of a repetition Select one out of 16 possible length-128 code sequences
(MSR: 32, 40, 48, 64, 128, or 256) (length-91 ternary codes, or the length-127 ternary codes may optionally be employed)

of a selected Multi-Millisecond
Ranging Sequence (MMRS) symbol.

AU VS USRS S R 0 R 0 S0 A O VTR IS 9 1 S

. MMRS Symbo| is formed using Code B -ttt S = = R s + R R s St +++
sequence (128) split in two halves, _
with an optional gap, inserted after Gap (0..64) B (64)
both code halves, spread by the

spreading factor L=4. Spread by the spreading factor L=4

+ EacnRSPofapadketusehesine Y VTR —
MMRS symbol with the same MSR. AR ST E

Note that a larger gap size leads a smoother spectrum which enables higher energy efficiency.

Therefore, it is recommended to use a GAP size between 30 and 64, but a rather low MSR of 32 or 40 =»
Recommended RSF duration of around 60 us to reduce also the chance of collision to other packets.
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HRP-ARDEV

Ranging Integrity Fragment (RIF) based on a sequence of
scrambled timestamp sequence (STS)

96 bit value 32 bit counter STS Key *  Adeterministic random bit generator (DRGB) is used to
AES-128 ﬁsthinitlially by Incrﬁgsegtted once E_ethinit:a"y by generate a non-repeating sequence across all the RIF
deterministic |2 e 2 S fragments of the packet, and the pulses are spread by the

random bit 128 bit data 128 bit key spreading factor L=4.
generator » Each RIF in the packet shall have the same length from

(DREC) AES-128 encryption one of the following permitted lengths:
127 v 0 32, 64, 128, or 256 in units of 512 chips.

AES-128

RIF Duration

16384 32.8 s

< 512 chips > 32768 65.6 us
65536 131.3 us

131072 262.6 us
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HRP-ARDEV

Multi-millisecond (MMS) supported configurations:
NB or UWB driven: RSF only, RIF only or RSF/RIF mixed

UWB driven MMS ranging

RSF only:

: RIF only:
uwB R #RIF=€ {1,2,4,8}
acket RSF/RIF mixed:

#RSF=¢€ {1,2,4,8} AND
UWB MMS ranging packet configuration ZERO #RIF=€ {1,2,4,8 }

RIF

NB driven MMS ranging

= 150r2ms > < #RFS x1 ms > | ms —>e #RFS X1 ms ========> RSF only:
[ NB o . #RSF=¢€ {1,2,4,8,16}
_— ~-s 0. 16 ranging sequence fragments ( RSF 0...8 ranging integrity fragments (RIF) RIF only:
packet \ A
i ‘ N #RIF=€ {1,2,4,8}
N i W W RSF/RIF mixed:
60 Us 7 id ®°° = #RSF=€ {1,2,4,8} AND

- =" #RIF=€ {1,2,4,8}
—l— UWB MMS ranging packet configuration ONE =~ =——————————>

RMARKER is defined as the peak of the first pulse in the first RSF in the packet; RIF RMARKERSs are defined for each RIF fragment, as the peak of the first/last pulse in the RIF
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HRP-ARDEV

Narrow-band channel: Spreading and O-QPSK modulation

PHR or i
Spreadin 0-QPSK
Payloadfﬁ p4:329 Modulator @ 1101100111000011010100100010111°0

6 tailbits (0) |-, IR NANWAWA [\ AUVAVAVA
VARV ARVAYARVAVAVARY

Spria:ing N Q /V\VN\W/\&/\ ] VVV v

Spreadmg > . Toup=05ps
# SYNCH SFD Sreadln FEC Smbols Sreadm FEC Spreading Rate min Poll otlonal
32

Spreading

416 Bl

1 8 2 2 250 kbps 544 us

2 4 2 Yes 7 Yes 8 500 kbps 312 us O
3 4 2 32 Yes 7 8 No 8 1000 kbps 212 ps 0
4 8 2 32 Yes 7 16 Yes 16 250 kbps 592 us 0
5 4 2 32 Yes 7 4 Yes 4 1000 kbps 204 us 0
6 8 2 32 No 2 32* No 32* 250 kbps 544 ps 0
7 8 2 32 Yes 7 16 Yes 16 250 kbps 592 us 0
8 4/8 2 32 See SFD pattern to select configuration 1..5 varies varies 0
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HRP-ARDEV

Up to 250 possible NB channels in UNII-3 and UNII-5

5170 5330 5.490 5.725 5850 5925 6425 8.525 6.875 7125
% % UNII-2¢ UNII-3 UNII-5 UNII-6 UNII-7 UNII-8
NB-UNII-3 NB-UNII-5
0 49 50 249
fn = 5726.25 MHz + k X 2.5 MHz, (0 < k < 49), in the UNII-3 band, and

£, = 5926.25 MHz + (k — 50) X 2.5 MHz, (50 < k < 249), in the UNII-5 band.

If LBT is required before a transmission, either for regulatory reasons or as a coexistence mechanism, then the device shall
perform CCA before each O-QPSK PHY transmission.

The NB channel selection/switching is performed independently by initiator and responder based on an exchanged NB
channel list and a pseudo-random number generating (PRNG) using the actual ranging block index and seed value.

Rohde & Schwarz



HRP-ARDEV
Interleaved narrowband assisted multi-millisecond ranging to
improve link budget (long-range, high attenuation)

A new ranging scheme designed to overcome the sensitivity bottleneck imposed by the very low transmit level permitted by
regulation in the case of long-range line-of-sight and short-range highly attenuated first path.

D Ranging measurement round >
<= Ranging control =»> Ranging measurement phase >t Report phase =—
o 1S e {ms —die—— 2MS ——ple— | ms —>ie— 1 ms —ie= 1 ms —>ie= 1 ms —» : : :

: 1200 RsTU : : 2400 RsTU : :
NB :
BB -
R Sy

o
I I N A T
Pool

: ' T 2m : E : :
RTSU=416 ChipS (83322 nS) :4— 2400 RS?U — i 1 ms > 1 ms —»>ie— 1 ms —»:

RIF
RIF

| RIF |
Sl RIF

RSF
| _RIF |
| RIF |
|_RIF |
|_RIF |
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R&S®SMW200 / CMP200 Demo about MMS
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Ready for the future UWB testing A
with the best-in-class test solution based on R&S®CMP200 ==

& v
{:IH € Fully validated for FiRa Physical

=N Layer Certification
AUTOMATED VALIDATED y Im _l | |
€ Supports physical security testing,

new NRMSE and CCC 3.0
€ Automated multi-DUT testing in

0

FAST

)
Tty C manufacturing with smart channel
/ and UWB head
PRECISE € Comprehensive AoA test and

validation solution with the
R&SPATSB00R shielding chamber
and a specifically designed positioner

€ Ready to test NBA-MMS as defined in
IEEE 802.15.4ab already today

® Rohde & Schwarz



FiRa 3.0 PHY layer certification highlights FIfQ

CERTIFIED

Couple of clarifications

Covering now the results ~
from the NRMSE tiger Y. and adjustments e.g.
teamwork good packet count

Now including the
(5} validation of security
certification test cases

" CCC related UWB
o physical layer test for
CCC digital key 3.0

® Rohde & Schwarz
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Sensing use cases and nomenclature

Mode 0: Mono-static

Tx — target
- PR

Mode 1: Bi-static

\ Q. target

Mode 2: Multi-static

Mode 3: Sensing by Proxy

Prox

=3 <

Rohde & Schwarz

Sensing initiator:
an SDEV that initiates an RF sensing
session with one or more other SDEVSs.

Sensing responder:

an SDEV that responds to a sensing
initiator.

Sensing transmitter:

an SDEV that sends a PPDU to enable
channel estimation for sensing purposes.

Sensing receiver:

an SDEV that receives a PPDU from the
transmitter and performs channel
estimation for sensing purposes.

Sensing requesting device:

an SDEV that requests the sensing CIR
measurement report in a proxy
application.



Sensing packet and SENS field formats

HRP-SEDV PDDU Formats RMARKER position
A
Conf ZERO SYNC SENS (sensing sequence)

A

Conf ONE SYNC SFD SENS PHR PHY payload
A
confTwo  [IENE PHY payload SENS

The SENS field constructed by same preamble code as used for the SYNC and SFD in the packet.
HPRF mode symbols using length 91 ternary codes (spreading L=4) shall be supported. Optional for conf ZERO length 127 code

< . Two ... four active segments optional ==
G SiNQl€ SEgMENt >
GAP SENS active (23....373 ps) GAP SENS active / / GAP
4); gap (Iength\—OLengths of 32, 64, and 128 preamblek‘ Silent gap of one symbol length, or in case of intra-packet
of 1 symbol; 0.7 ys)  symbols, (16, 256, and 512 optional) frequency stitching length of 40 symbols (29 us)

Rohde & Schwarz



New pulse shape for sensing applications with new
requirements for baseband impulse response incl. mask

Ranging-pulse time domain mask - Sensing pulse time domain mask

425T, +10T, The new sensing pulse with both 88T, +88T,

1.0 : : min. precursor/postcursor energy. T — : "
A time-bounded Kaiser pulse
(B = 10) that should be use for entire
sensing packet.

Iy [[; 1_(2?t) 03 ........... R N SR | -
r=1{" nm <t / \|
L A
0 lth>3 004
The transmitted pulse shape p(t) 37T +137Tp
B I— should be constrained by a
4T, 2T, 0 +2T, +4T, | symmetric time domain mask. 4T, 2T, 0 2T, +T,

Rohde & Schwarz



Sensing reports channel impulse response (CIR)
per RX antenna and sensing segment

Example: Earliest Ref tap and two sub-windows with bitmal gap

<+— 18t sub-window (M/2 taps) »< Gap (G) »<+— 2" sub-window —> Optional target reports reporting RSS!
Strongest ’

Reference TAP (S...) delay, velocity, or AoA of defined targets

(earliest) TAP 5,
4f41f1f_4f ...... ; .....;...‘ it

=1ns

Trap = BW+OSR

<+— Sensing window (BM,,q= M taps) —>

Reference M = {32,64,128,256}
<+ Offset (BMygge) —> (strongest) TAP Smax = Amplitude of strongest TAP

T = Amplitude threshold in dB

St = Spax 10 2T0 St = Amplitude threshold
1 SRR |- - oooooooooot bond [ooooonod |oonooooonoooooocoooonood] [T v R OSR = Over sampling rate
* * f f f f f f oo * f f BW = Aggregated signal BW
S P
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R&SESMW200 Demo: UWB Sensing Packet generation
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Mandatory, optional and extended channels

1 GHz 2 GHz 3 GHz 4 GHz 5 GHz 6 GHz 7 GHz 8 GHz 9 GHz 10 GHz 11 GHz 12 GHz
<+— China—>

< usS >

< B> <+— Japan —>
< < < Europe >

«—> < Korea —»

1/1 L3* L] Ll L] | | . R | 2013 f

- ra.
= 499.2 = 499.2 4_-1‘))[_’
1/2'— omLox 2/ 12 2/14

‘ 3993.6 ‘ 8985.6 ‘ 9984.0
& 4992 = € 499.2 = & 4992
Il 3993;.6 MHz | ‘ | 9484.8 MHz
D 081.6 MHz | ——— 1354.97 MHZ e
1/4 2

w 2/15

Extended channels
[ 16 [ 20 | 24 | 28 | 32 | 36 [ 40 [ 44 | 48 | 52 | 56 [ 60 [ 64 | 8 | 72 | 76 | 80 [ 8 [ 8 | 92 | 96 | 100 [ 104 [ 108 | 112 |
[ 17 | 210 [ 25 | 20 | 33 | 37 | 41 [ 45 | 49 [ 53 | 57 | e1 | 65 | 69 [ 73 | 77 [ s | 8 | 89 [ o3 | o7 [ 101 | 105 | 100 | 113 |

I N I N N A T I I I A 7 T I I T o e
I N N S T T N S S I I I 7 I I R I T I e T

fo=499.2 MHz + (N — 16) x 124.8 MHz |

In addition to channels 0..15 defined for the three band groups, the HRP-EMDEYV includes an optional capability to support a set of overlapping 499.2 MHz channels
with 124.8 MHz spacing. While these are intended primarily to support the optional frequency stitching capability of the HRP-SDEV, they may offer some possibility
to mitigate against interference between co-existent UWB networks where the participating devices all support the same additional channel bands.
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UWB test and measurement solutions
for all phases of the product lifecycle from the experts

Integration

" CERTIFIED LRAE

as & 5

- oo

."..5,5,‘.'..‘,“:.--;5.‘:“_‘ - o e ‘
EEN ;1) - s Fa i

R&S®ATS800R R&S®CMQ200 HS R&S®CMP200 UWB PHY Test Suite ~ R&S®RTP+VSE R&S®SMM100A R&S®FSW26 R&S®TS7124
Rohde & Schwarz
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https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-connectivity/ultra-wideband/ultra-wideband-overview_253919.html
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