INTERNATIONAL ISO/IEC
STANDARD 24730-62

First edition
2013-09-01

Information technology — Real time
locating systems (RTLS) —

Part 62:
High rate pulse repetition frequency Ultra
Wide Band (UWB) air interface

Technologie de l'information — Systemes de localisation en temps réel
(RTLS) —

Partie 62: Interface aérienne ultra large bande (UWB) a impulsigns
haute fréquence de répétition

Reference number
ISO/IEC 24730-62:2013(E)

© ISO/IEC 2013



https://standardsiso.com/api/?name=775d578f944a4c4c4e52631cb6b53d15

ISO/IEC 24730-62:2013(E)

© ISO/IEC 2013

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form or by any
means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior written permission.
Permission can be requested from either ISO at the address below or ISO’s member body in the country of the requester.

) - COPYRIGHT PROTECTED DOCUMENT

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20
Tel. +412274901 11

Fax +41 2274909 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=775d578f944a4c4c4e52631cb6b53d15

ISO/IEC 24730-62:2013(E)

Contents Page
Lo =T o v
(11000 L8 T {0 o TR, Vi
( £ oo o - S RRSRRRE S | SO 1
p Normative referenCes..... ..o ssmr e ssme s e e s s s s s snmnn e s e s ss s s bante s e e eefannsnnnnne 1
B Terms, definitions, and abbreviated terms..........cccoovririrrrsrrrrrrcreereeee e e fe e 2
3.1 Terms and defiNitions ... snnesn e e mnn e e s e frnmnne e 2
B.2 Abbreviated terms ... fae 3
1 L0 1Y =Y - P S T SN D 4
1.1 (0o 4o 1 1= 1 | = A SN D 4
1.2 Not covered by the standard...........cccooiiiiini 3 e e e 5
1.3 85253 (=1 3 o A S S 5
1.4 Document StrUCLUNe ... e s 5
b Physical (PHY) layer specification...........ccccviiiiiiicc e 0 st ssssnn e s freeeenans 5
5.1 (7= 1= - | 47N S 5
5.2 Default operating mode for a HRP UWB tag.........ccarhudenememiiiiiiiisissseeeesssssssssssssesssssssssssssssssessrsssssnnns 6
6.3 [ 2 9 1R oY ¢ 4T | s S PRSI 7
5.3.1 PPDU eNCOdiNg PrOCESS......uuiriiiiiurriisinrrrisssesisnedhte s sasssssssssssssssasssssssasssssssssssssssssssnssssnssnssssnssnnesusssnennas 7
5.3.2  SYMDOI StrUCLUNE ...ttt B e s s s nn s s nnn e e sann e s 9
5.3.3 PSDU timing parameters ........cccoceriniiesbd i s 10
5.3.4 Preamble timing parameters ............ccccitiirnrniinir s b 12
5.3.5 SHR preamble.........o el e 13
ST T o o T e LT (o 1 e SO 16
S 0 A © - 1 - T 1Y [ Y SO 18
b.4 UWB PHY modulation .......... 0 smsss s sssssss s sssssss s s sssnsssssnns fresesnas 19
.41 Modulation mathematical-framework ..o e e 19
S S 1 o] Y- T |5V PRSI PN 19
5.4.3 Forward error correction (FEC).......cccooiiiiiicciieemiiniiisscccsssssrs s s ss s sssssssss s sssssssssssssnsssssssssssssssens passssnns 21
6.5 UWB PHY RF reqUir€ments..........cccouiieimiinniimmiersinsss s s ssssssssssssssssssssssssssssssssssssssns fresssens 23
5.5.1  Operating frequenCy bands............ccocviiini e 23
5.5.2 Channel assigNmeNnts ..o e 23
5.5.3 Transmitter-SpecifiCation......... ... s 23
5.6 Timestamps and time UNItS ... s fannne s 26
3T B T 4T 1T T SR 26
5.6.2  ANteNNa delays ........ooi i e s 26
J Basic message format ..........c.oo e f s 26
5.1 Message structure and processing rules ..o s ans freseen 26
B.1-1. ' Time of arrival / Time of SEeNAiNg ......cccoviiiiiicieiiiii s re e s e s ssnme e e e fansanns 27
5.2 Frame Check Sequence (FCS) ........cooeeiaeereninnnnneennneninninnnieninennieinnnnieennniennnenneeineseeennnsneeeeannnnn, 27
7 One-way communication — blink MeSSAQe.......ccccceiiiiiiiriiriii e 28
71 Encoding of blink frames with ISO/IEC 15963 tag ID.......cccccccoiiiiiimmmmriinssccseme s e e 28
7.1.1 Sub-fields of the blink frame wWith ISO ID..........cccceecimiicciir e n e e ne s 29
7.2 Encoding of blink frames with IEEE EUI-64 tag ID.........cccccciiiiiiiinmmrnneinsssscsene s s sssme e e sessnen 31
7.21 Sub-fields of the blink frame with IEEE ID...............i e e 31
8 Two-way communication — data meSSages..........cccrriiriiriinnisi s —————— 35
8.1 L T 1 T =TT 7 T T 35
8.1.1 Data frame SUD-fIelds........cccorriroirre e e e e 35
8.2 Operation of two-way COMMUNICAtION ........ccccoiiieierirccr e e e 36
8.21 The mechanics of two-way ComMmMUNICAtION ..........ccemiiiiiiirirrr e e e 37

© ISO/IEC 2013 — All rights reserved iii


https://standardsiso.com/api/?name=775d578f944a4c4c4e52631cb6b53d15

ISO/IEC 24730-62:2013(E)

8.2.2  ACHiVIEY CONEIrOl...... . ettt sss e e e s mn e e e e s e s smn e e e e e e s aa s aneeeeesanssnnmnnnnens 38
8.2.3 Read Tag Capabilities .........ccccuriiriiiiiiriiir i 39
8.2.4 Read Tag Configuration ... 40
8.2.5 Set Tag Configuration ... ————— 42
8.2.6 Perform tWo-Way FanginNg......cccuceeerimiirrriiissreissssre s s s s s e a e e aa s ae e nr e e s 43
Annex A (informative) Using ISO/IEC 24730-61 and ISO/IEC 24730-62 for RTLS Applications............... 46
[ T] o 1o =T ] T/ 57
iv © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=775d578f944a4c4c4e52631cb6b53d15

ISO/IEC 24730-62:2013(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

SO or IEC
pstablished by the respective organization to deal with particular fields of technical activity. 1S©
echnical committees collaborate in fields of mutual interest. Other international organizations, gover
bnd non-governmental, in liaison with ISO and IEC, also take part in the work. In the field)of infg
echnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Standards adopted by the joint technical committee are circulated to national bodies for voting. Publig
an International Standard requires approval by at least 75 % of the national bedies casting a vote.

Attention is drawn to the possibility that some of the elements of this.decument may be the subject g
fights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

SO/IEC 24730-62 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tec
Subcommittee SC 31, Automatic identification and data capture‘techniques.

SO/IEC 24730 consists of the following parts, under the general title Information technology — R
ocating systems (RTLS):

1+— Part 1: Application program interface (AP|)
1+— Part 2: Direct Sequence Spread Spectrim (DSSS) 2,4 GHz air interface protocol
1+— Part 5: Chirp spread spectrum (€SS) at 2,4 GHz air interface

+— Part 21: Direct Sequence Spread Spectrum (DSSS) 2,4 GHz air interface protocol: Transmitters o
with a single spread code'and employing a DBPSK data encoding and BPSK spreading scheme

1+— Part 22: Direct Sequence Spread Spectrum (DSSS) 2,4 GHz air interface protocol: Transmitters o
with multiple spread codes and employing a QPSK data encoding and Walsh offset QPSK (W
spreading scheme

1+— Part 61:-Low rate pulse repetition frequency Ultra Wide Band (UWB) air interface

1+— PRart’62: High rate pulse repetition frequency Ultra Wide Band (UWB) air interface

nternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

articipate _in _the development of International Standards through technical committees

nd IEC
nmental
rmation

The main task of the joint technical committee is to prepare International Standards. Draft Intefnational

ation as

f patent

hnology,

eal time

perating

perating
DQPSK)
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Introduction

This series of standards defines one Air Interface Protocol for Real Time Locating Systems (RTLS) for use in

asset m
the grow

anagement and is intended to allow for compatibility and to encourage interoperability of products for
ing RTLS market.

This do
technicd
bands 4
updates

Real Tin
a defing
Position|

Concep

With a fi

Method |of location is through identification and location, generally through multilateration
Typks

This sta

cument, the high rate pulse repetition frequency (HRP) UWB Air Interface Protocol, establishes™3
| standard for Real Time Locating Systems that operate at an internationally available UWB frequency
nd that are intended to provide accurate location (e.g. within some tens of centimetres) with frequen
(for example, every second).

ne Locating Systems are wireless systems with the ability to locate the position of an item anywhere in
d space (local/campus, wide area/regional, global) at a point in time that is, or is) €lose to, real time
is derived by measurements of the physical properties of the radio link.

ually there are four classifications of RTLS:

— Locating an asset via satellite - requires line-of-sight - accuracy to 10 meters

— Locating an asset in a controlled area, e.g., warehouse, campus; airport - area of interest is
instrumented - accuracy to 3 meters

— Locating an asset in a more confined area - area of interest’is instrumented - accuracy to tens of
centimetres

- Locating an asset over a terrestrial area using a terrestrial mounted receivers over a wide area,
cell phone towers for example — accuracy 200 meters

Lirther two methods of locating an object which arereally RFID rather than RTLS:

— Locating an asset by virtue of the fact that the asset has passed point A at a certain time and has
not passed point B

— Locating an asset by virtue of providing a homing signal whereby a person with a handheld can
find an asset

- Time of Flight Ranging Systems
—  Amplitude Triangulation

—  Time Differénce of Arrival (TDOA)
—  Cellular Triangulation

—  Satellite(multilateration

—  Angleof Arrival

ndard defines the air interface protocol needed for the creation of an RTLS system using HRP UWH

which i

5o phycingl Inynr AR cignnlling mechanism (hncnrl on—standard |EEE 802 15 42 ||\I\IR) angd

employing high rate pulse repetition frequencies (PRF) 16 MHz or 64 MHz, and a combination of burst

position

\Y

modulation (BPM) and binary phase-shift keying (BPSK.
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Information technology — Real time locating systems (RTLS) —

Part 62:

nterface

I Scope

[his part of ISO/IEC 24730 defines the air-interface for real time locating systems (RTLS) using a
ayer Ultra Wide Band (UWB) signalling mechanism (based on IEEE 80215.4a UWB). This mg
scheme employs high rate pulse repetition frequencies (PRF) 16 MHz or 64 MHz, and a combination
bosition modulation (BPM) and binary phase-shift keying (BPSK) giving an extremely high
performance with a fully coherent receiver.

n addition to defining the air interface protocol (AIP) in terms™of the physical layer modulation, this
SO/IEC 24730 also defines the AIP in terms of the messagés sent over the air. This AIP supports sim
vay communication of a basic blink that may be used for a.one-way Time Difference of Arrival (TDOA
RTLS, where mobile tags periodically transmit the blink message which is received by an infrag
consisting of a number of fixed reader nodes.

[his AIP also optionally supports bidirectional ggmmunication and two-way ranging between the reag
ags of an RTLS. The support of two-way ranging depends on additionally including a UWB receiver ir
and UWB transmitters in the reader infrastructure.

he mandatory default operational mede ensures interoperability between tags and infrastructure from
manufacturers, while the availability_of several options offers flexibility to the developer of the infrastry
bdapt the behaviour of the overall system to the specific needs of his application.

P Normative references

The following referenced documents are indispensable for the application of this document. Fg
references, only/the edition cited applies. For undated references, the latest edition of the ref
focument (including any amendments) applies.

SO/IEC/IEEE 8802-15-4, Information technology — Telecommunications and information exchange
systems — Local and metropolitan area networks — Specific requirements Part 15-4: Wireless
Aecess Control (MAC) and Physical Layer (PHY) Specifications for Low-Rate Wireless Person

High rate pulse repetition frequency Ultra Wide Band (UWB) air

physical
dulation
of burst
evel of

part of
ple one-
) based
tructure

ers and
the tag

various
cture to

r dated
erenced

between
Medium
al Area

etworks (WPANSs)

ISO/IEC 15963, Information technology — Radio frequency identification for item management —
identification for RF tags

ISO/IEC 19762, Information technology AIDC techniques — Harmonized vocabulary — (all parts)

© ISO/IEC 2013 — All rights reserved
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3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC/IEEE 8802-15-4,
ISO/IEC 19762 (all parts), and the following apply.

3.1.1
burst

group of ultra wide band (UWB) pulses occurring at consecutive chip periods

3.1.2
complex channel

combingtion of a channel [radio frequency (RF) center frequency] and a ternary code sequence

313
frame
format df aggregated bits that are transmitted together in time

314
hybrid Jnodulation

modulafion used in the ultra wide band (UWB) physical layer (PHY) thatccombines both binary phase-shif
keying (BPSK) and burst position modulation (BPM) so that both coherent and non-coherent receivers can bg
used to demodulate the signal

3.1.5
idle perjiod

duratior| of time where no transceiver activity is scheduled to take place

3.1.6
local clpck

symbol flock internal to a device

3.1.7
mean pplse repetition frequency (PRF)

total number of pulses within a symbolhdivided by the symbol duration

3.1.8
payload data

contents of a data message that is being transmitted

3.1.9
peak pulse repetition frequency (PRF)

maximum ratesat which an ultra wide band (UWB) physical layer (PHY) emits pulses

3.1.10
ranging frame (RFRAME)

ultra wide band (UWB) frame having the ranging bit set in the physical layer (PHY) header (PHR)

3.1.1
ranging marker (RMARKER)

first ultra wide band (UWB) pulse of the first bit of the physical layer (PHY) header (PHR) of a ranging frame
(RFRAME)

2 © ISO/IEC 2013 — All rights reserved
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3.1.12
symbol

period of time and a portion of the transmitted signal that is logically considered to be a unit signaling event
conveying some defined number of data bits or repeated portion of the synchronization signal

3.2 Abbreviated terms

AGC automatic gain control

Avdi appiication program mterface
BPM burst position modulation
BPSK binary phase-shift keying
CRC cyclic redundancy check
DPS dynamic preamble selection
DSN data sequence number

FCS frame check sequence

-FEC forward error correction
HRP high rate PRF

L FSR linear feedback shift register
| RP low rate PRF

| SB least significant bit

MAC medium access control

MSB most significant bit

PHR PHY header

PHY physical layer

PPDU PHY protocol data unit
PRBS pseudo-random binary sequence
PRF pulse repetition\frequency
PSD power spectral density
PSDU PHY .service data unit

RF radio-frequency

RFID Radio Frequency Identification
RFRAME ranging frame

RMARKER ranging marker

RTES Real Time Locating System
RX receive or receiver

SFD start-of-frame delimiter

SHR synchronization header
SNR signal-to-noise ratio

SYNC synchronization

TDOA time difference of arrival
TOF time of flight

© ISO/IEC 2013 — All rights reserved 3
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X transmit or transmitter

uwB ultra wide band

4 Overview

4.1 Components

The major components of a Real Time Locating System (RTLS) and the relationship of those components are

shown in Figure T. AS shown In this figure the tags communicate with an Infrastructure. The nirastructurg
provides an Application Program Interface (API) through which an application can control the RTLSrang

retrieve [information about location and state of tags.

AIR INTERFACE

As indicated in Figure 1 tags communicaté with infrastructure over an air interface. Generally the air interface
includeq the definition of waveforms, formats of packets as well as commands and reports to be exchanged
between tags and infrastructure. This-can be depicted in a layered approach as shown in Figure 2. Simila

This part ISO/IEC 24730-62
> API defined\by
ISO/NIEC 247301
) p—— ————
Infrastructure API
Teg @ — — T _—_° > (Developer Specific) (ISOAEC 24730-1) :,‘>
Ta) ¢ — — — - — — 2L >
T ¢ — — —— — — — >

Mandatory tag to infrastructure Messages
Optional infrastructure to tag messages

Figure 1 —RTLS components

interprefations can be found in other.standards e.g. in ISO/IEC 18000-1"".

Tags

>

pplicationJayer

Infrastructure

Application layer

Mesgsage format layer

Message format layer

Physical layer

AIR )

Physical layer

Figure 2 — air interface layers
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4.2 Not covered by the standard

The design of the infrastructure is left completely to the developer, e.g. the density of RTLS reader nodes,
how the RTLS reader nodes are controlled and communicate with each other, how the infrastructure is set up,
etc. may be different in various scenarios and for systems from different vendors. For typical RTLS
applications, at least three RTLS readers need to receive the blink message from a tag, measuring its time of
arrival, in order to locate the tag.

4.3 System

A\fter power on, a tag uses a default profile in which it blinks periodically. With each blink the tag_signals its
bhysical address and optional information about whether and when it can receive commands from the
nfrastructure.

he infrastructure may use the arrival times of the blink at a number of time synchroniséd readers to compute
he tag location using TDOA mechanisms.

he infrastructure may decide (for two-way capable tags) to command the tag to perform two-way ranging to a
number of similarly capable reader nodes in the vicinity. By sending commands to the tag while the tag is
istening, the infrastructure may select the reader nodes with which the“tag performs two-way fanging.
Furthermore the infrastructure can adapt the behaviour of the tags to-the actual conditions such as the
humber of tags in range, number of infrastructure nodes available, etc.

When a two-way tag loses connection to the infrastructure, i.eSdoesn’t receive any commands for g certain
ime, it reverts to its default blink activity.

1.4 Document structure
The remainder of this part of ISO/IEC 24730 firstly defines and specifies the Physical Layer (PH|Y) layer
modulation and then defines the basic message format before separately detailing the message$ of the

jefault one-way communications mode .of  operation and the messages of the optional fwo-way
communications mode of operation.

b Physical (PHY) layer specification

5.1 General
The High Rate PRF-(HRP) UWB physical layer herein called the UWB PHY, employs a mean PRI that is
hominally 16 MHz-or-eptionally nominally 64 MHz. The UWB PHY waveform is based upon an impulse radio
bignaling scheme -Using band-limited data pulses. The UWB PHY supports two independent bpnds of
bperation:
1+— TheMow band, which consists of four channels and occupies the spectrum from 3.1 GHz to 4.8 GHz

+—-_The high band, which consists of eleven channels and occupies the spectrum from 6.0 GHz to 10{6 GHz

Within each channel, there is support for at least two complex channels that have unique length 31 SHR
preamble codes. The combination of a channel and a preamble code is termed a complex channel.

A combination of burst position modulation (BPM) and binary phase-shift keying (BPSK) is used to support
both coherent and non-coherent receivers using a common signaling scheme. The combined BPM-BPSK is
used to modulate the symbols, with each symbol being composed of an active burst of UWB pulses. The
various data rates are supported through the use of variable-length bursts.

© ISO/IEC 2013 — All rights reserved 5
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Figure 3 shows the sequence of processing steps used to create and modulate a packet. The sequence of
steps indicated here for the transmitter is used as a basis for explaining the creation of the UWB waveform.
Note that the receiver portion of Figure 3 is informative and meant only as a guide to the essential steps that
any compliant UWB receiver needs to implement in order to successfully decode the transmitted signal.

PHR Bit | SECDED
Encoder | |
Payload Reed Systematic
——» Solomon th Convolutional —»| '\SA);mb;): —» Tr:zzmglr? > SilgsZr —» RF
Bit Encoder B?ita Encoder pp P
PHR Bit | SECDED
<— Decoder
Reed Systematic
Payload ) Data - Puls¢
<« | Solomon “Cota Convolutional <€— Detection €1 Synchronisation |« Shaper <4— RF
Bit Decoder Bit Decoder

Figure 3 — signal flow

5.2 Default operating mode for a HRP UWB tag
The default operating parameters for the tag shall be as follows:

o [Default band used by the tag shall be channeld! This has centre frequency of 6489.6 MHz. This band
is widely acceptable and suitable for use in.many regions around the world.

o Where national regulations_(rohibit transmission within this default band, another UWE
channel may be used as an alternative along with an associated preamble code, as pe
Table 6.

¢ [The nominal PRF employed.by the tag shall be 16 MHz.

e [The default preamble~code employed by the tag for the transmitting the blink message shall bg
preamble code 3¢

e [The default_preamble length shall be 256 symbols. Where this preamble length is not supported by
the tag a‘preamble length of 1024 symbols may be used as an alternative.

e [Therdefault data rate shall be 850 kb/s.

L4 T e defauftbiink perioo Shall be 5 seconds.

o A random dither should be applied to this value so that tags with closely aligned crystal
frequency do not stay in lock-step with long periods where their transmissions collide.

6 © ISO/IEC 2013 — All rights reserved
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5.3 PPDU format

Figure 4 shows the format for the UWB frame, which is composed of three major components: the SHR
preamble, the PHR, and the PSDU. For convenience, the PPDU packet structure is presented so that the
leftmost field as written in this standard shall be transmitted or received first. All multiple octet fields shall be
transmitted or received least significant octet first, and each octet shall be transmitted or received LSB first.
The same transmission order should apply to data fields.

The SHR preamble is flrst foIIowed by the PHR and finally the PSDU The SHR preamble is always sent at

2 M es above
350 kb/s and at a nomlnal of 110 kb/s for the nomlnal data rate of 110 kb/s The PSDU is sent at the desired
nformation data rate as defined in Table 3 — Rate-dependent and timing dependent parameters:

5.3.1 PPDU encoding process

The encoding process is composed of many steps as illustrated in Figure 4. The details of these steps are
ully described in later sub-clauses, as noted in the following list, which js lintended to faciljtate an
inderstanding of those details:

) Perform Reed-Solomon encoding on PSDU as described in 5.4.3.1.

D) Produce the PHR as described in 5.3.6.1.

)  Add SECDED check bits to PHR as described in 5.3.6.2 and¢repend to the PSDU.

1) Perform further convolutional coding as described in 5.4:3.2. Note that in some instances at the 27 Mb/s
data rate, the convolutional encoding of the data.field is effectively bypassed and two data |bits are
encoded per BPM-BPSK symbol.

)  Modulate and spread PSDU according to thesmethod described in 5.4.1 and 5.4.2. The PHR is m¢dulated
using BPM-BPSK at 850 kb/s or at 110 kb/s/(for the 110 kb/s data rate) and the data field is moddilated at
the rate specified in the PHR.

) Produce the SHR preamble fieldfrom the SYNC field (used for AGC convergence, diversity selection,

timing acquisition, and coarse” frequency acquisition) and the SFD field (used to indicate the|start of
frame). The SYNC and SFD fields are described in 5.3.5.1 and 5.3.5.2, respectively.

© ISO/IEC 2013 — All rights reserved 7
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From upper layers

Reed-Solomon encoding

Add PHY Header

PSDU
Variable length: 0-127 octets

Data field (non-spread & before convolutional
encoding)
Variable length: 0-1208 bits

PHY Header (PHR)
13 bits

Data field (non-spread & before convolutional
encoding)
Variable length: 0-1208 bits

Table 1
mapped
when th
convolu

Add SECDED bits

Convolutional encoding

PHY Header (PHR)
19 bits

Data field (non-spread & before convolutional
encoding)
Variable length: 0-1208 bits

PHY Header (PHR)
42 bits

Data field (after coding, before spreading)
Variable length: 0-2416 bits

PHY Header (PHR)

Data field

Spreading 21 symbols @850 or g :
110 kb/s 0-1208 symbols @¢variable rate
PHY Header (PHR) ]
Insert SHR SHR Preamble 21 symbols @850 or Qata field
preamble 0-1208,symbols @ variable rate
110 kb/s
Modulate SHR Preamble 2F;H3YmH§§I:er@(55l_(|)Ro)r Data field
4 110 kb/s 0-1208 symbols @ variable rate

A

! coded @ base rate

»'d
LY

' BPM-BPSK coded

@850 kb/s or 110 Kb/s

» g
» X

' BPM-BPSK coded
@ Rate indicated in PHR

Figure 4 — PPDU encoding process

and Table 2 show how the 19 header bits (Ho-H1g), N data bits (Dg-Dn.1), and two tail bits (To-T4) arg
onto the symboils. In these tables;-the polarity bit column operation is an XOR. The tables also show
e transition from the header bit rate to the data bit rate takes place. Note that the delay line of the
ional code is initialized to zero. For this reason, the position bit of Symbol 0 shall always be zero. Thig

means that Symbol 0 is always transmitted in the first half of the first header symbol.

v
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Table 1 — Mapping of header bits, data bits and tail bits onto symbols with Viterbi rate 0.5

Symbol # Input data Position bit Polarity bit
0 Hy 0 Hy
1 H, Hy H,
2 H, H, H, @ H,
3 H, H, H, ® H;
21 symbols of header at
16 Hig His Hjy ®Hyg B30 kbl
17 Hy7 Hig His ®Hyy
18 Hyg Hy7 Hig ®Hyy
19 Dy Hiy Hy7 ® Dy
20 D, Dy His @D,
21 D, D, Dy @ D,
R Dy.2 Dy Dn4 &N | N symbols of data at data
N+18 D Drs D3 ¥ Dy rate, e.g., 6.8 Mb/s
N+19 T, Dn s Py ® Ty
N+20 T, T, Dy ®T,

5.3.2 Symbol structure
n the BPM-BPSK modulation scheme|_a symbol is capable of carrying two bits of information: one bit
his same burst.
he structure and timing ef‘a.symbol is illustrated in Figure 5. Each symbol shall consist of an integer

lasym = N:T.. Furthepmore, each symbol is divided into two BPM intervals each with duration Tgpy
Which enables binary-position modulation.

A burst is formed by grouping N, consecutive chips and has duration Tyt = Ngps Te. The location of t
n either the\first half or second half of the symbol indicates one bit of information. Additionally, the
he burst\(either —1 or +1) is used to indicate a second bit of information.

n-€ach symbol interval, a single burst event shall be transmitted. The fact that burst duration is typica

is used

o determine the position of a burst of*pulses while an additional bit is used to modulate the phase (pdlarity) of

number

pf possible chip positions,-N., each with duration T. The overall symbol duration denoted by Ty, is given by

Tdsym /2,

he burst
hase of

ly much

ejection

sharter than the BPM duration ie T, << Tga, provides for some mulii-user access interference

in the form of time hopping. The total number of burst durations per symbol, Ny, is given by Npyrst = Tasym

I Tourst- IN Order to limit the amount of inter-symbol interference caused by multipath, only the first half

of each

Tgpm period shall contain a burst. Therefore, only the first Npo,= Npursif4 possible burst positions are candidate
hopping burst positions within each BPM interval. Each burst position can be varied on a symbol-to-symbol

basis according to a time hopping code as described in 5.4.
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Table 2 — Mapping of header bits, data bits and tail bits onto symbols with Viterbi rate 1

533 |

The PS
channel
complia
emitted

of a UWB frame, the peak and mgan PRFs are essentially the same since pulses are emitted uniformly during

each pr
the groJ

There a
complia
for the H
PRF of

UWB cH

Symbol # Input data Position bit Polarity bit
0 Hy 0 Hy
I H, Hy H,
2 H> H, Hy, @ H,
3 H, H, H, @ H,
21 symbols of header at
16 Hig His Hiy®Hq 830 kb/s
17 Hy; Hyq His ®H;
18 Hyg Hy7 Hig®Hy
19 Ty Hyg Hyz ®T
20 T, Ty Hiy® T,
21 Dg. Dy Dy D,
D,, D; D, Dy
{72 N symbols of data at
1/2 N+19 Ds Das D¢ Dy.s data rate, e.g., 6.8 Mb/s
172 N+20 Dy Dna Dy Dy.g
172 N+21 Dn.2- Dy Dn.o By

PSDU timing parameters

DU rate-dependent parameters and timing-related parameters are summarized in Table 3. Within each
{0:15}, the peak PRF shall be 499.2'MHz. This rate corresponds to the highest frequency at which §
nt transmitter shall emit pulses. Additionally, the mean PRF is defined as the total number of pulseg
during a symbol period divided-by the length of the symbol duration. During the SHR preamble portior]

bamble symbol. During-the’data portion of a PPDU, however, the peak and mean PRFs differ due tg
ping of pulses into censecutive chip durations.

re two possible’preamble code lengths (31 or 127) and two mean PRFs (15.6 MHz or 62.4 MHz). A
ht device shalllimplement support for the preamble code length of 31 and the 15.6 MHz mean PRF{
SDU as depicted in Table 3. The use of the length 127 code is optional; when implemented, the mear
he PSDWshall be 62.4 MHz.

annels {4, 7, 11, and 15} are all optional channels and are differentiated from other UWB channels by

the larg

r-bandwidth (> 500 MHZz) of the transmitted signals. These channels overlap the lower bandwidth

channels. The larger bandwidth enables devices operating in these channels to transmit at a higher power (for
fixed PSD constraints), and thus they may achieve longer communication range. The larger bandwidth pulses
offer enhanced multipath resistance. Additionally, larger bandwidth leads to more accurate range estimates.
The admissible data rates, preamble code lengths, PRFs, and modulation timing parameters are listed in
Table 3. Each UWB channel allows for several data rates that are obtained by modifying the number of chips
within a burst while the total number of possible burst positions remains constant. Therefore, the symbol
duration, T4sm, changes to obtain the stated symbol rate and bit rates.

10 © ISO/IEC 2013 — All rights reserved
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Tepm Tepm
Possible Burst Position (Npop) Guard Interval Possible Burst Position (Nhqp) Guard Interval
Tourst
_» <_
JD) Tdsym
| |
[ Nepb |
Figure 5 — symbol structure
Table 3 — Rate-dependent and timing dependent parameters
Modulation & Coding Data Symbol Structure Data
Preamble #Burst # Gunst Symbol
Code | . i | Rs | Overall | Positions | #Hop | Chips | #Chips Du;’t?on Dg:‘;tign Symbol | Bit| | Mean
Length Rate | Rate | FEC per Bursts | Per Per Tburst | Tdsym Rate Ratd | PRF
Rate Symbol Nhop | Burst | Symbol (ns (ng) (MHz) Mb/g | (MHz)
Nburst Ncpb
31 0.5 0.87 | 044 32 8 128 4096 256.41 8205.13 0.12 0.1 | 15.60
31 0.5 0.87 | 044 32 8 16 512 32.05 1025.64 0.98 0.85 | 15.60
31 0.5 0.87 | 044 32 8 2 64 4.01 128.21 7.80 6.81 | 15.60
31 1.0 0.87 | 0.87 32 8 1 32 2.00 64.10 15.60 | 27.24 | 15.60
127 0.5 0.87 | 044 8 2 512 4096 1025.64 | 8205.13 0.12 0.1 | 62.40
127 0.5 0.87 | 044 8 2 64 512 128.21 1025.64 0.98 0.85 | 62.40
127 0.5 0.87 | 0.44 8 2 64 16.03 128.21 7.80 6.81 | 62.40
127 0.5 0.87 | 044 8 2 16 4.01 32.05 3120 | 27.24 | 62.40
The peak PRF is 499.2 MHz. This’is the highest frequency in megahertz at which a compliant transmi'rer shall
emit pulses. The peak PRFis also used to derive the chip duration T, by the formula T, = 1/peakpRF. The value
Df T, is approximately 2 ns.)The channel center frequencies and bandwidths are given in Table 11. Note that
he bandwidth is not necessarily the inverse of the chip duration T.. Pulse shape and bandwidth ar¢ further
Jefined in 5.5.3.1.
The UWB PHY contains several optional data rates, preamble code lengths, and PRF. Table 3 desciibes the
femaining timing parameters of Figure 5 for each permitted combination of preamble code length and PRF.
The préamble code length parameter denotes the length of the preamble code to be used during the SHR
portion of a data frame. The code together with the channel number defines a complex channel. Individual
codes to be used on each channel are given in Table 6 (length 31) and Table 7 (length 127).

The Viterbi rate parameter determines the rate of the convolutional code applied to the PSDU data bits. A
value of 1 indicates that no convolutional coding is applied while a value of 0.5 indicates that a rate 1/2 code
as described in 5.4.3.2 is applied to the PSDU data bits.

The RS rate parameters indicates the (63, 55) Reed-Solomon code rate, which is approximately 0.87. The
Reed-Solomon code is applied to all the PSDU data bits that are transmitted by the UWB PHY. Reed-
Solomon encoding is further described in 5.4.3.1.

The overall FEC rate is determine by the product of the Viterbi rate and the Reed-Solomon rate and has either
a value of 0.44 or 0.87.

© ISO/IEC 2013 — All rights reserved 11
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The burst-positions-per-symbol parameter is the total number of possible burst positions within the data

symbol
of burst

duration. N, has been chosen so that for each mean PRF a data symbol consists of a fixed number
durations.

The hop bursts parameter is the number of burst positions that may contain an active burst, that is, a burst

containi

ng UWB pulses. The value is computed as Npo, = Npyrsi/4.

The chips per burst parameter is the number of chip T, durations within each burst period T,,s. Each burst
consists of a multiple number of consecutive chips, as illustrated in Figure 5. Depending on the data rate to be

used in

consistd of more chip periods than for high data rates. Particular, values of N, have been selected so tha

the follo

The bur

The symbol duration is the duration of a modulated and coded PSDU symbol on the air and‘is computed ag

follows:

The synpbol rate is the inverse of the PSDU symbol duration 1/Tgsym.

The bit

Bit Rate = 2 x (Overall FEC Rate)/Tysym

The me

Mean

5.3.4 Preamble timing parameters

Due to

timing parameters of a preamble symbol. These-values are summarized in Table 4. In this subclause, &

preamb
code (e
and PR

inserting a number of chip durations between code symbols. The number of chip durations to insert is denoteq
by &, values for each code length and.PRF are given in Table 4, and the chip insertion is detailed in 5.3.5.1.

Table 4
the timi

higher mean PRF than the.data as defined in Table 3. This is due to the fact that length 31 or 127 ternary

codes 4

example, for the 16 MHz'PRF in channels {0:3, 5:6, 8:10, 12:14), the peak PRF during the preamble is 31.2
MHz, and the corresponding mean PRF during the preamble is 16.10 MHz. The mean PRF during the data

(PSDU)
optional

12

he transmission of the PSDI | the number of nhilr_\c ina burst varies e Gy for low . data rates the burs

wing is a valid data rate: (2 x Overall FEC rate)/(Ngpp X Npyrst X T).

5t duration is computed as Tpyrst = Ngpp X T

Tdsym = Nburst x Tburst-

ate is the user information rate considering FEC and is computed as follows:

bn PRF is the average PRF during the PSDU portion of a PHY\frame and is computed as follows:

PRF = Ncpb/Tdsym

he variability in the preamble code length and“the PRF, there are several admissible values for thg
e symbol is defined as the waveform_consisting of one whole repetition of the modulated preamblg

ther length 31 or 127). Details on the construction of the preamble symbol for various code lengths
-s are given in 5.3.5. For each target PRF, the preamble is constructed from a preamble code, C;, by

presents the timing parameters during the SHR portion of a UWB PHY frame while Table 3 presents
ng parameters for the\PSDU portion of the frame. First, note that the preamble is sent at a slightly

re being used within the SHR, and the number of chips within the SHR is no longer a power of 2. Fo

is 15.60:MHz. The remaining peak and mean PRF values for other optional UWB channels and thg
length.127 code are listed in Table 4.

-
Fable 4—Preambleparameters
: Peak Mean Delta #Chips Symbol
f’e ?1°fﬁ PRF | PRF | Length Per Duration Iﬁ:ﬁggfg
9 (MHz) | (MHz) 5L Symbol | Tosym(ns) y
31 31.20 16.10 16 496 993.59 1.01
127 124.80 62.89 4 508 1017.63 0.98
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The base symbol rate is defined as the rate at which the preamble symbols are sent. The base rate
corresponding to the (default) mean PRF of 16.10 MHz is 1 Msymbol/s. This symbol rate corresponds to
preamble symbol duration, T/, of 993.59 ns.

Table 5 — Frame-dependent parameters

Parameter Description Value
Channel UWB PHY channel number {1:15}
PRFmean Mean PRF (MHz) 16.70 62.99
Nc Number of chips per preamble symbol 496 50
Tpsym Preamble symbol duration (ns) 993.6 1017.6
Nsync Number of symbols in the packet sync sequence. 6446 4096
Tsync Duration of the packet sync sequence (us) 63.6 to 4069.7 65.1 to0 4168.2
Nsfd Number of symbols in the SFD 8 (or 64)
Tsfd Duration of the SFD (us) 7.9 (or 63.6) 8.1 (or £5.1)
Npre Number of symbols in the SHR preamble 72 10 4104 (or 128 to 4160)
71.5t04077.7 73.3104176.3
Tpre Duration of the SHR preamble (us) (or127.2 to (or319.5to
4133.3) 4422,6)
NccA_PHR Number of multiplexed preamble symbols in PHR 4 0r 32
NCCA_data Number of multiplexed preamble symbols in the data field Tprel(4 x Tdsym/M)

Note: the values in brackets apply to the 110 Kb/s data rate.

Finally, for each UWB frame consisting of the ’SHR, SFD, PHR, and a data field, there are four possible
jurations of the SHR. This is due to the four‘possible lengths of SYNC field in the SHR, as described n 5.3.5.
The SYNC field consists of repetitions ofithe preamble symbol. The number of preamble symbol repetitions
may be 64, 1024, or 4096, with additional optional values of 128, 256, 512, 1536 and 2048. These different
SYNC field lengths yield differenttimé durations of the UWB frame. The relationship between SYNC field
ength and frame duration is shown-in Table 5. After the insertion of the SFD (the SFD may be eithell 8 or 64
preamble symbols long), the total’length (in preamble symbols) of the SHR is N, as shown in Tablg 5, and
his in turn leads to the possible SHR durations denoted as T,.. After creation of the SHR, the frame is
bppended with the PHR Wwhose length, N, is 16 symbols and duration is denoted as Tyq. The valugs of the
rame duration parametérs are shown in Table 5.

6.3.5 SHR preamble

A\ SHR preamble shall be added prior to the PHR to aid receiver algorithms related to AGC setting, pntenna
Hiversity<selection, timing acquisition, coarse and fine frequency recovery, packet and frame synchropization,
channel estimation, and leading edge signal tracking for ranging.

nihis subclause, four different mandatory preambles are defined: a default preamble, a short pregmble, a
medium preamble, and a long preamble. The preamble to be used in the transmission of a frame is decided
by the application layer.

Figure 6 shows the structure of the SHR preamble. The preamble can be subdivided into two distinct portions:
SYNC (packet synchronization, channel estimation, and ranging sequence) and SFD (frame delimiter
sequence). The duration of these portions are provided in Table 5. Subclauses 5.3.5.1 and 5.3.5.2 detail the
different portions of the preambile.
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5.3.5.1

Each network operating on one of the UWB PHY channels {1-15} is @lso identified by a preamble code. The

preamb

in Figure 6.

The UWB PHY supports two lengths of preamble code: a\length 31 code and an optional length 127 code
Each preamble code is a sequence of code symbols drawn from a ternary alphabet {-1,0,1} and selected fo

use in

sequenges are shown in Table 6 while the length 127 code sequences are shown in Table 7 where they arg

indexed
9-24) a
assignm
channel
Cross-cq
with the
the third

| Tore ]

A
Y.

SHR
Variable (24 - 4160 symbols)

SYNC SFD
64 - 4096 symbols 8 or 64 symbols

- ___—_=-=- SFDTor all data rates = U.8Mb/ S T

Si S Si 0 S 0 -5 S 0 0 -5

SFD for optional low data rate of 110 kb/s

0S| 0]-Sj|Sj|0|0[Sif0]S;|0]-S;|S;| 0|0 [-S;[-S 0 [0 |Si| 0 |SH{[S;

Y.
A
Y.

Tsync Tsfd

Figure 6 — SHR preamble structure

SHR SYNC field

e code is used to construct symbols that constitute the SYNC portion of the SHR preamble as showr

the UWB PHY because of their perfect periodic autocorrelation properties. The length 31 codg

from 1-24 (Cii = 1,2,...24). The first 8 codes (index 1-8) are length 31 while the remaining 16 (index
re length 127. Which codes may be used. in each of the channels is restricted, and the particular codg
ents are made in Table 6 and Table 7’ Specifically, the last column in each table indicates the set of
numbers that permit use of the codé. This restriction of codes is to ensure that codes with the lowes
rrelation are used in the same. channel. Additionally, 8 of the length 127 codes are reserved for use
private ranging protocol only.and are not used during normal operation. This restriction is indicated in
column of Table 7 as welr.

Table 6 — Length 31 ternary codes

14

Code-index Code sequence Channel number®

1 -0000+0-0+++0+-000+-+++00-+0-00 1,8,12

2 0+0+-0+0+000-++0-+---00+00++000 1,8,12

3 -+0++000-+-++00++0+00-0000-0+0- 2,5,9,13

4 0000+-00-00-++++0+-+000+0-0++0- 2,5,9,13

5 -0+-00+++-+000-+0+++0-0+0000-00 3,6,10, 14

6 ++00+00---+-0++-000+0+0-+0+0000 3,6, 10, 14

7 +0000+-0+0+00+000+0++---0-+00-+ 4,7,11,15

8 0+00-0-0++0000--+00-+0++-++0+00 4,7,11,15

* Note code indices 1 through 6 may also be used for channels 4, 7, 11, and 15 (i.e., channels with
bandwidth wider than 500 MHz) if interchannel communication is desired.
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Table 7 — Length 127 ternary codes

Code Code sequence Channel
index q number®
9 +00+000-0--00--+0+0+00-+-++0+0000++-000+00-00--0-+0+0--0- 1-3, 5, 6,
+++0++000+-0+00-0++-0+++00-+00+0+0-0++-+--+000000+00000-+0000-0- | 8-10, 12—
000--+ 14
10 ++00+0-+00+00+000000-000-00--000-0+-+0-0+-0-+00000+-00++0-0+00-- 1-3, 5, 6,
FUUFT+-7UT-UTUUUU-U-U-U-++-FUTUUTUTUUU-FUF+FUUU----F+FUUUUTTTU-- o—1U, 12—
14
11 -+-0000+00--00000-0+0+0+-0+00+00+0-00-+++00+000-+0+0-0000+++++- 1-3(5,6,
+0+--0+-0++--0-000+0-+00+0+----000-000000-+00+-0++000++-00++-0-0 8410, 12—
14
12 -+0++000000-0+0-+0---+-++00-+0++0+0+0+000-00-00-+00+-++000-+-0- 1-3, 5, 6,
++0-0++++0-00-0++00+0+00++-00+000+-000-0--+0000-0000--0+00000 +=- 8-10, 12—
14
13 +000--0000--++0-++++0-0++0+0-00-+0++00++-0++0+-+0-00+00<0+-000-+- 1-15; DPS
00+0000-0++-00000+-0-000000-00-+-++-+000-0+0+0+++-00=-00+0+000 only
14 +000++0-0+0-00+-0-+0-00+0+0000+0+-0000++00+0+++%+<+0-0+-0--+0++-- | 1-15; DPS
000---0+000+0+0-+-000000+-+-0--00++000-00+00++-00--++-00-00000 only
15 0+-00+0-000-++0000---++000+0+-0-+00-+000--0-00--0--+++-+0-++00+- 1-15; DPS
++0+00000+0-0+++-00+00+000-0000+00--+0%+040+0-00-0-+-0+0++00000 | only
16 ++0000+000+00+--0+-++0-000--00+-0+00++000+++00+0+0-0-+-0- 1-15; DPS
0+00+00+0++----+00++--+0+-0--+000000-0-0000-+0--00+00000+-++000-0- only
+0+0
17 +--000-0-0000+-00000+00000Q+==+-++0-0+0+00+-00+++0-++0-00+0- 4,7,11,15
+000++0+++-0--0+0+-0--00-00+000-++0000+0++-+-00+0+0+--00--0-
000+00+
18 --0+++0000+++----000+F+0+-000+0+00+0+-++-0-0-0-0000+0-+0+-++00+-- 4,7,11,15
00+0-0++00-+00000+-0-+0-0+-+0-000--00-000-000000+00+00+-0+00++
19 -0-++00-++0Q0++0-+00+-000000-000----+0+00+-0+000-0--++0-+0--+0+- 4,7,11,15
+++++0000-0+0+-000+00+++-00-0+00+00+0-+0+0+0-00000--00+0000-+-0
20 --+00000+0--0000-0000+--0-000-+000+00-++00+0+00++0-00-0++++0-0++- | 4,7, 11,15
0-+£000++-+00+-00-00-000+0+0+0++0+-00++-+---0+-0+0-000000++0+-
21 +0+00--00-+++0+0+0-000+-++-+-00-000000-0-+00000-++0-0000+00-+-000- | 1-15; DPS
-0-00+00-0+-+0++0-++00++0+-00-0+0++0-0++++-0++--0000--000+000 only
22 0-00-++--00-++00+00-000++00--0-+-+000000-+-0+0+000+0---000--++0+--0- | 1-15; DPS
+0-0+-+++++0+00++0000-+0+0000+0+00-0+-0-+00-0+0-0++000+0000 only
23 000++0+0-+-0-00-0+0+0++0+--00+0000-000+00+00-+++0-0+00000+0++- 1-15; DPS
+00++-0+-+++--0--00-0--000+-00+-0-+0+000++---0000++-000-0+00-+000 only
24 +0+-0-000++-+00000+00--0+-0000-0-000000+--0-+0+--++00+---- 1-15; DPS
++0+00+00+0-0-+-0-0+0+00+++000++00+0-+00--000-0++-+0-- only
+00+000+0000++0

* Note code indices 9 through 13 may also be used for UWB channels 4, 7, 11, and 15 (i.e.,

bandwidth wider than 500 MHz) if interchannel communication is desired.
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Note that the assignment of preamble codes to channels has been done to enable interchannel
communication. In other words, it is possible that a device operating on a wideband channel {4, 7, 11 or 15}
may communicate with a device on a channel with which it overlaps.

When using the ternary code indexed by i, the SYNC field shall consist of N, repetitions of the symbol S;,
where S; is the code C; spread by the delta function 8, of length L as shown in Table 4. The spreading
operation, where code C; is extended to the preamble symbol duration indicated in Table 4, is described
mathematically by

S —C.Dd (1)
=g & TR

1 n=20
6, (n)=
() { . .
where the operator ® indicates a Kronecker product. After the Kronecker operation, a preamble symbol is
formed as depicted in Figure 7, where L — 1 zeros have been inserted between each ternary’element of C;.

The spreading factor L, number of chips per symbol, preamble symbol duration T, and base symbol rate
for diffefent channels are given in Table 4.

Gi(0) G(1) | » | G(LT)

Go| o| of .| olcgml of of .| o weo ol of of .| o

A
Y

i Symbol S;of duration: Tosym

Figure 7 — Construction of symbol S; from code C;

5.3.5.2 | SHR SFD

An SFD shall be added to establish frame timing. The UWB PHY uses a short SFD for default and mediun
data rates and a long SFD forthe-optional low data rate of 110 kb/s as shown in Figure 6. The short SFD shal
be [0 +1 0 -1 +1 0 0 -1] spread by the preamble symbol S; where the leftmost bit shall be transmitted first in
time. The optional long SEB ‘shall be obtained by spreading the sequence [0 +10-1+100-10+10-1+10(
-1-100+10-10+1,0041000-10-10-100+10-1-10-1+10000+1+100-1-1-1+1-1+1+1 00 (
0 +1 +1]] by the preamble sequence S; Note that the long SFD is eight times longer than the short SFD and
consistq of 64 preamble symbols, only 32 of which are active, and the other 32 are zeros. The structure of thg
SHR prIambIe and the two possible SFDs are shown in Figure 6.

5.3.6 PHY header (PHR)

A PHR, as shown in Figure 8, shall be added after the SHR preamble. The PHR consists of 19 bits and
conveys information necessary for a successful decoding of the packet to the receiver. The PHR contains
information about the data rate used to transmit the PSDU, the duration of the current frame’s preamble, and
the length of the frame payload. Additionally, six parity check bits are used to further protect the PHR against
channel errors.
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Figure 8 — PHR bit assignment

hominal low data rates of 110 kb/s.

b.3.6.1 PHR rate, length, ranging, extension, preamble duration fields

[he Data Rate field shall consist of two bits (R1, RO) that indicate the data rate'ofithe received PSDU.
R1-R0 shall be set according to Table 9. The default value of the bits R1-R0.shall be set to 01 as th
bnly mandatory data rate that is supported by a UWB-compliant PHY implementation. Support for ot
rates listed in Table 9 is optional.

The Frame Length field, L6—L0, shall be an unsigned 7-bit integer number that indicates the number
n the PSDU that the MAC sublayer is currently requesting thePHKY to transmit.

The Ranging Packet bit, RNG, indicates that the current frame is an RFRAME if it is set to 1; otherw
set to 0.

The Header Extension bit, EXT, is reserved for future extension of the PHR. This bit shall be set to 0.
The Preamble Duration field, P1-PO0, represents the length (in preamble symbols) of the SYNC portig

SHR. P1-PO shall be set according tol_Table 8. The default Preamble Duration setting is 01
corresponds to a SYNC field of length 64-preamble symbols.

Table 8 — Preamble Duration field values

S enath
01 64
10 1024
11 4096

The PHR shall be transmitted using the BPM-BPSK modulation outlined in 5.4. The PHR shalhbe trapnsmitted
ht the nominal rate of 850 kb/s for all data rates above 850 kb/s and at the nominal rate ofi 110 kb/$ for the

The bits
is is the
her data

bf octets

ise, it is

n of the
, which

[he) Preamble Duration field is intended for use during ranging operations and is used by a receivgr of the

PHY frame to help determine at which preamble symbol the UWB PHY acquired and began trac

kKing the

preamble. A receiver may use the Preamble Duration field to set the value of its own preamble duration based

upon the received value when communicating a ranging ACK packet. The optional values of 128, 2

56, 512,

1536 and 2048 cannot be encoded within the PHY header (PHR), but may be ascertained in the receiver by
counting the number of preamble symbols received. Where one of these optional values is used the PHR

encoding shall be the nearest smaller length value.

© ISO/IEC 2013 — All rights reserved

17


https://standardsiso.com/api/?name=775d578f944a4c4c4e52631cb6b53d15

ISO/IEC 24730-62:2013(E)

5.3.6.2

The SECDED (single error correct, double error detect) field, C5-CO0, is a set of six parity check bits that are
used to| protect the PHR from errors caused by noise and channel impairments. TheSECDED bits are §

simple

receiverl. The SECDED bit values depend on PHR bits 0—12 and are computed as follows:

5.3.7

The Data field is the last component of the PPDU and is encoded as shown in Figure 9.

The data field\shall be formed as follows:

18

C0 = XOR (RO, R1, LO, L2, L4, L5, EXT, P1)

G
G
CB8 = XOR (LO, L1, L2, L3, L4, RNG, EXT)
G
G

Table 9 — Nominal data rates

R1-R0O Dal\tnab;'sate
00 0.11
01 0.85
10 6.81
11 27.24

PHR SECDED check bits

Hamming block code that enables the correction of a single error and the detection"of two errors at the
(

1=XOR (R1, L2, L3, L5, L6, RNG, EXT, P0O)

? = XOR (RO, LO, L1, L5, L6, RNG, EXT)

4 = XOR (PO, P1)
5 = XOR (R1, RO, L6, L5, L4, L3, L2, L1, LO, RNG,:EXT, P1, PO, C4, C3, C2, C1, CO)

Data field

n

, Systematic 90 > Ternary
PSDU Syséesma“c Convolutional BPM-BPSK | Ouput
(K+8:K) Encoder Modulator >
’ R=7% .
91

Figure 9 — Data field encoding process

Encode the PSDU using systematic Reed-Solomon block code, which adds 48 parity bits as described
in5.4.3.1.

Encode the output of the Reed-Solomon block code using a systematic convolutional encoder as
described in 5.4.3.2, except in the cases where the Viterbi rate for the modulation is 1.0 in Table 3. In
these cases the convolutional encoder is bypassed.

Spread and modulate the encoded block using BPM-BPSK modulation as described in 5.4.
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5.4 UWB PHY modulation

5.4.1 Modulation mathematical framework

The transmit waveform during the K" symbol interval may be expressed as

Ncpb
By = (k) (k) (k)
() = [1-2g ]Z (V=25 1w, )P =80 Tppyr = Thypg—nTe)

n=1
his equation describes the time hopping with polarity scrambling, which improves interference

(k)

”*chpbe{O’l}’n =0,1,...N.,,—-1 is the scrambling code used during \the K" symbol

h(P {0, 1 ~Npop— 1} is the K" burst hopping position, and p(t) is the transmitted pulse shape at the

sequence s, .y provides additional interference suppression among.coherent receivers as well as
cp

llustrating the BPM-BPSK modulation is shown in Figure 10.

- Polarity/ X
Input Data Systematic Parity bit > Burst Output Data
> Rate 1/, >

FEC Encoder Position/;)t/stematic t||—|CtrI Logic Generator

AA A

Scrambler
Spreader L

Figure 10 — Reference symbol modulator
Note here that the FEC Encoeder is not included if the modulation Viterbi rate is 1.0, as described in

Ddd bits to the polarity.input.
6.4.2 Spreading

The time=varying spreader sequence St kN, and the time-varying burst hopping sequence n®

jenerated from a common PRBS scrambiler.

ejection

capabilities of the UWB PHY. The k" symbol interval carries two information bits gf)k) and g(lk) e {0, 1} . Bit

cy~ is encoded into the burst position whereas bit g(lk) is encoded into the burst polarity. The s¢quence

interval,

antenna

nput. The burst hopping sequence ;¥ provides for multiuser interference rejection. The chip scfambling

spectral

smoothing of the transmitted waveform. Note that equation defings:the transmitted signal during the valid
purst interval; at all other possible burst positions, no signal Shall be transmitted. A reference mpdulator

6.3.7. In

his case, the FEC enceder is replaced by a multiplexer which shall apply even bits to the position input and

shall be

14 15
I'ne polynomial tor the scrambler generator shall be g(D) = 1 +D +D

where D is a single chip delay, T;, element. This polynomial forms not only a maximal length seque

nce, but

also is a primitive polynomial. By the given generator polynomial, the corresponding scrambler output is

generated as

S, = 8, _ 14958, 15 n=20,12,...

where ® denotes modulo-2 addition.

© ISO/IEC 2013 — All rights reserved
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A linear feedback shift register (LFSR) realization of the scrambler is shown in Figure 11. The LFSR shall be
initialized upon the transmission of bit 0 of the PHR. Note that N,,, may change depending on the data rate
and PRF in use during the PSDU. The LFSR shall not be reset after transmission of the PHR.

v

Time-varying spreading code: s,

A—> MSB
: : Hopping position address: h®
—— > LSB
Sj-14
D D F—>» oo D F—>» eee¢e — > D . D
Sj Sj-1 Sim+1 Sim Sj.13

Figure 11 — LFSR implementation of the scrambler

The initial state of the LFSR shall be determined from the preamble code-by first removing all the Os in thg
ternary fode and then replacing all the —1s with a zero. The first 15 bits of the resulting binary state shall bg
loaded into the LFSR. Table 10 shows an example of the above procedure for preamble code, Cg (length 31
preamble code index 6, see Table 6). Table 10 shows the initial state as well as the first 16 output bits fron
the scrambler.

Table 10 — Example LFSR initial’state for preamble code 6

Initial state LFSR output: First 16 bits
(s-15, S-14, ..., S-1) So, S1, ..., S15 (So first in time)
111000101101101 0010011101101110

Note that even though each device-within a network use the same initial LFSR setting, the communication is
asynchrpnous so that the hopping and scrambling provides interference rejection.

The LFBR shall be clocked”atthe peak PRF of 499.2 MHz as specified in Table 3. During the K" symbo
interval,| the LFSR shall de clocked Ny, times, and the scrambler output shall be the K" scrambling code
Sut kN p = 0,1,..., N, — 1. Furthermore, the k" burst hopping position, shall be computed as follows:

(k m—1

0 1
R = 2 S 2 S gy, T2 S,

where

m = Ing(Nhop)

As shown in Table 3, the number of hopping burst Ny, is always a power of two, and consequently m is
always an integer. Note that for N,,, < m, the LFSR is clocked Ny, times, not m times.

For the mandatory mode with mean data PRF of 15.60 MHz, the numbers of hopping bursts is 8, as indicated
in Table 3, and consequently m takes on the values 3 and the corresponding hopping sequence is as follows:
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Rk =g +
kN 2Sl + kN
b cpb

cp

+ 4s
4 2+kN
cpb

5.4.3 Forward error correction (FEC)

The FEC used by the UWB PHY is a concatenated code consisting of an outer Reed-Solomon systematic
block code and an inner bhalf-rate systematic convolutional code. The inner convolutional code is not
necessarily enabled at all data rates; the rows of Table 3 that have a Viterbi rate of 1 indicate that-the inner
convolutional code is disabled for the PSDU part of the PHY frame.

The FEC encoding of a block of M PSDU bits, by, by, ..., by, is shown in Figure 12. The, Reed-$olomon
encoder shall append 48 parity bits, po, ps, ..., p47, to the original block. This results. in“a Reed-$olomon
encoded block of length M + 48. Where the Viterbi rate is 0.5, a half-rate systematic>convolutional gncoder
shall encode the Reed-Solomon encoded block into a systematic coded block ofilength 2M + 96 hits. The
convolutional systematic bits shall be used to encode the position of the burst whéreas the convolutional parity
pits shall be used to encode the polarity of the pulses within a burst. Where jthe Viterbi rate is 1{0, even
butputs of the Reed-Solomon encoder (b, b,,..., bz, Po, P2 --., Ps) Shall beused to encode the positign of the

burst, and odd outputs (b;, bs,..., bus, Ps, Ps..., Psz) shall be used to encode the polarity of the puls¢s. Note
nere that M is always an even number.

A\ noncoherent receiver cannot see the convolutional parity bits (parity bits), and consequently a nongoherent
receiver may use only a Reed-Solomon decoder to improvedts performance. A coherent receiver may use
pither or both Reed-Solomon and convolutional decoding algorithms. Note here that since both the Reed-
Solomon and the convolutional codes are both systematic;\a receiver (either coherent or noncoherent) may be
mplemented without an FEC decoder. In this case, the information bits are simply recovered by demqgdulating

he position of the burst. There will be additional parity_check bits as a result of the Reed-Solomon encoding,
but these may be simply ignored.

M+48 systematic bits ( position ):

g(()”) forn=0,1,. .., M+47
) Systemati ) Systematic >
M bits ysReS atic M+ 48 bits Convolutional bo, .. bp-1, Pgs -5 Pyz
—> >
bo, ..., bm-1 (K+8,K) Bo.N" byt PO, -, P47 E£°_°‘1’/e’ R
=% >

M+ 48 parity bits (polarity):
g_(ln) forn=0,1,.., M+47

Figure 12 — FEC encoding process

5.4.3.1 Reed-Solomon encoding

lhe systematic Reed-Solomon code is over Galois field, GF(26), which is built as an extension of GF(2). The
bystematic Reed-Solomon code shall use the generator polynomial

g) = [T+ = 2®+ 550"+ 612+ 372 + 482 + 472 + 20" + 62 + 22
k=1

where a = 010000 is a root of the binary primitive polynomial 1+ x +x%in GF(2%).

In Reed-Solomon encoding RSg(K + 8, K), a block of / bits (with K = [7/6]) is encoded into a codeword of / +
48 bits. The Reed-Solomon encoding procedure is performed in the following five steps:
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a)

c)

e)

5.4.3.2 | Systematic convolutional encoding

The inner convolutional encdder shall use the rate R = % code with generator polynomials go = [010], ang
g1 =
zero stdte. Additionally,\the encoder shall be returned to the all zero state by appending two zero bits to thg
PPDU. Note that sinee the generator polynomials are systematic, they are also noncatastrophic.

22

Addition of dummy bits. The block of I information bits is expanded to 330 bits by adding 330 — / dummy
(zero) bits to the beginning of the block. The expanded block is denoted as {do, d, ..., ds2} Where dj is
the first in time.

Bit-to-symbol conversion. The 330 bits {dy, di, ..., dsz9} are converted into 55 Reed-Solomon symbols {D,,
D;, ..., Ds4} having the following polynomial representation:

5 4 3 2
Dy = 0dgy st de gt dey 3T deg T adgy+dg k=054

Resulting 6-bit symbols are presented as D, = {dg; 5 dap s dgpo3dgr o0 dgr s 1,dgyt , Where dgs is
the|MSB and dg is the LSB.

Engoding. The information symbols {Dy, D4, ..., Dss} are encoded by systematic RSg(63,55) code with
output symbols {Uy, Uy, ..., Usy} ordered as follows:

D, (k=0,1,...,54)

U, =
P, (k=55,56, ..., 62)

where Py are parity check symbols added by RSg(63,55) encoder.

The information polynomial associated with the information symbols\{Do, D, ..., Dss} is denoted as
D) = x*Dy+x" D, + ... +xDy; + 54 . The parity check polynoriial associated with the parity chech

symbols is denoted as P(x) = x7P55 +x6P56 + ... +xPg + Py, ."The parity check symbols are calculateg

as:
P(x) = remainder [x* D(x)/g(x)]
U(x) = x*D(x) + P(x)
Symbol-to-bit conversion. The output symbels {U,, Ui, ..., Us} are converted into binary form with LSH

coming out first, resulting in a block of 378\bits {uo, uy, ..., Us77}.

Removal of dummy bits. The 330 — / dummy bits added in the first step are removed. Only the last | + 48
bits| are transmitted, i.e., {U330., U3sty, :.., Usz7} With U330, being first in time.

[10/1]2 as shown in_Eigure 13. Upon transmission of each PPDU, the encoder shall be initialized to the al

g -
o _  systematic bit
(position bit)

\‘/ of” . Pparity bit

(sign bit)

Figure 13 — Systematic convolutional encoder
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5.5 UWB PHY RF requirements

5.5.1 Operating frequency bands

The set of operating frequency bands are as defined in Table 11. Default channel is channel 5.

5.5.2 Channel assignments

For each of the 15 operating frequency bands defined in Table 11, at the nominal 16 MHz PRF, two preamble

codes are assigned, as per Table 6, giving a total of 30 complex channels. At the optional nominal (64 MHz
PRF, an additional 60 complex channels are available by employing the four preamble codes.assigned for
bach channel as per Table 7.
Table 11 — Band allocation
Channel Center frequency, Band width
number f, (MHz) (MHz)
(decimal)
1 3494.4 499)2
2 3993.6 499.2
3 4492.8 499.2
4 3993.6 1331.2
5 6489.6 499.2
6 6988.8 499.2
7 6489.6 1081.6
8 7488.0 499.2
9 7987.2 499.2
10 8486.4 499.2
11 7987.2 1331.2
12 8985.6 499.2
13 9484.8 499.2
14 9984.0 499.2
15 9484.8 1354.97
653" Transmitter specification

5.5.3.1 Baseband impulse response
The transmitted pulse shape p(t) of the UWB PHY shall be constrained by the shape of its cross-correlation

function with a standard reference pulse, r(t). The normalized cross-correlation between two waveforms is
defined as

1

o(x) = Rejw r(p (t+1)d
E 0

p -
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In the above, E, and E, are the energies of r(f) and p(t), respectively. The reference r(t) pulse used in the
calculation of (") is a root raised cosine pulse with roll-off factor of § = 0.5. Mathematically this is

r(t) =

sin[(1 - B)m/T[}]

cos[(1+ B)nt/Tp] +

In the a
for each

In order
magnitu

at least
for com

and let

function

requirer

(o)l i

mathem

Figure 1

pulse H
p(f)is a

exampld

and no
complia

4B(t/ T[))
2
n /T, I — (4B1/T))
bove equation, T, is the reciprocal of the chip frequency. Table 12 shows the required pulse duratior
channel.

Table 12 — Required reference pulse durations in each channel

Channel number Pulse d(l:'sa)tion, To Main Iolc(or(:sv;lidth, Tw
{1:3, 5:6, 8:10, 12:14} 2.00 0.5
7 0.92 02
{4, 11} 0.75 0.2
15 0.74 0.2

for a UWB PHY transmitter to be compliant with this standard, the transmitted pulse p(t) shall have 3
de of the cross-correlation function [#(t)l whose mair-lobe is greater or equal to 0.8 for a duration of
T, (see Table 12), and any sidelobe shall be no greater than 0.3. For the purposes of testing a pulse
bliance, the following are defined: Let [¢(7)l be’the magnitude of the cross-correlation of p(t) and r(t)

T, 1 =1,2,... be a set of critical points, i.e, points at which %I¢(r)l|t:1. = 0. The maximum of thg

occurs at one of these critical points, 1,,, where [¢(t,,.)|=[¢() for all values of t. The
nent above thus states that for some continuous set of values that contain the point t,,,, the function

5 greater than 0.8. In addition, the second constraint on the value of sidelobes may be stateg
atically as [¢(t,)| < 0.3 for al-F;:

4 shows an example UWB-compliant pulse, p(f) (left plot), along with the root raised cosine referencs
) (middle plot) with.F;= 2.0 ns and the magnitude of the cross-correlation |¢(t)| (right plot). The pulse
n 8 order butterwofth pulse with a 3 dB bandwidth of 500 MHz. The figure is intended to show that this
 pulse meets/the’requirements for compliance. Specifically, the main lobe is above 0.8 for nearly 1 ns
sidelobe is;greater than 0.3 (in this case, the largest sidelobe peak is 0.2). The pulse p(f) is &
ht pulse for channels {1:3, 5:6, 8:10, 12:14}.

24
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UWB pulse, p(t) UWB Reference Pulse, r(t) Cross Correlation Magnitude [¢ (7)|
1F T T T T =| 1F T T = 1 T T T
0.9 : b
0.8 -— 0.8 . : _
0.8+ : ; &
06} : , 0.6F b 07hL i
i 06 oo
U&[ 8 0% B .
0.5 : i N
: 0.4F : ; T
or ; [\ /\/\ o & s 3
v
| VoV o2}

0.2 F g 5 o] 0.2+ . =
0.1
-0.4 1 i i i -04 i i i 0 _L i
-10 -5 0 5 10 15 -10 -5 0 5 10 -10 -5 0
time (ns) time (ns) T (ns)

Figure 14 — Compliant pulse'example

Note that it is not the intention of this standard to imply that pulse shaping shall occur at baseband, ¢nly that
he measurements described here occur on the pulseénvelope if shaping is done at passband.
.5.3.2  Transmit PSD mask
The transmitted spectrum shall be less-than —10 dBr (dB relative to the maximum spectral density of the
signal) for 0.65/7,<|f-f,|<0.8/7;\and —18 dBr for |f-f,|>0.8/T,. For example, the transmit spectrum
mask for channel 4 is shown in Figure 15. The measurements shall be made using 1 MHz rgsolution
pandwidth and a 1 kHz video‘bandwidth.
Power Spectral Density (dB)
4+ oder
-10 dBr
-18 dBr
| | | >
293 3.13 3.99 486 506 [fon

Figure 15 — Transmit spectrum mask for band 4
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5.5.3.3  Chip rate clock and chip carrier alignment

A UWB transmitter shall be capable of chipping at the peak PRF given in Table 3 with an accuracy of
* 20 parts per million. In addition, for each UWB PHY channel, the center of transmitted energy shall be at the
values listed in Table 11 also with an accuracy of * 20 parts per million. The measurements shall be made
using 1 MHz resolution bandwidth and a 1 kHz video bandwidth.

5.6 Timestamps and time units

transmitted). Once that counter and the ability for it to precisely timestamp are in place, then conceptually; thg
computation of the time of flight is simple. The ranging counter values timestamp RMARKER eventsiat thg
device gntenna.

5.6.1 Time units

The timge units used for ranging counter timestamps is defined by the least significant bit (LSB) of the timg
values which represents 106 Of @ chip time at the mandatory chipping rate of 499.2 MHz.

Note: The LSB of the ranging counter represents a time interval so small that ab-actual physical counter woulg
have to[run at a nominal 64 GHz to produce values with this resolution. An. actual physical realization is no
expectef. Instead it is assumed that computational techniques will be used'to generate sufficient of the lesg
significgnt bits to yield the desired operational precision.

5.6.2 Antenna delays
The time of arrival and time of sending events relate to the RMARKER being at the antenna.

The recgive timestamp will naturally occur in the digital-domain of the receiver some time after the RMARKER
arrives at the antenna. To calculate when the RMARKER was at the antenna, and generate an accurate timg
of arrival, all the system delays between the antenna and the internal digital receive timestamp need to bg
accounted for. This receive antenna delay then needs to be subtracted from the internal digital receivg
timestamp to give the time of arrival value.

Similarly in the transmitter all the system delays between the internal digital transmit timestamp and thg
antennd need to be accounted. This\transmit antenna delay then needs to be added to the internal digita
transmif timestamp to give the time of sending value, when the transmit RMARKER is at the antenna.

The meghanisms for determining these antenna delays are beyond the scope of this standard.

6 Basic message format

This clause describes the basic format used for over the air messages between tag and infrastructure. The
same bpsicimessage formatting rules apply to the messages used for both the one-way communicatiorn
defined in-Clause 7 and for the two-way communication defined in Clause 8.

6.1 Message structure and processing rules

Every message begins with one or two Frame Control octets and every message ends with a two-octet frame
check sequence, FCS. The message length defined in the PHY header (see 5.3.6) is used to find and check
the FCS as described in 6.2.

Each message carries a sequence number (DSN) incremented for by 1 (modulo 256) for every new frame
transmitted. The initial value of the DSN may be randomly determined.
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For each frame received the FCS is validated. Where the FCS is not correct the frame is considered to be

errored and it is discarded. Only frames with the correct FCS are processed further.

Where a received frame has a destination address it shall be discarded if the destination address does not

match the receiving node’s address.

6.1.1 Time of arrival / Time of sending

The times of arrival and times of sending of frames may be used to do localization. The one-way

he TDOA method. Two-way ranging based localization is possible where tags are capable of the
wo-way communications (as defined in Clause 8) and also additionally capable of accuratel trang
receive time stamping.

5.2 Frame Check Sequence (FCS)

The FCS comes at the end of all frames. The FCS is 2 octets in length and containsa 16-bit ITU-T C
-CS is calculated over the complete frame beginning with the Frame Control (FC) octet(s). The FCS
Calculated using the following standard generator polynomial of degree 16:

Gie(x) = X +x"24x5+1

The FCS shall be calculated for transmission using the following algorithm:

1 Let M(x) = boX" + b;xX* 2 +...+ by_ox + by_ 1 be the polyromial representing the sequence of bits f
the checksum is to be computed.

1~ Multiply M(x) by x'®, giving the polynomial x"® x M{x).

{— Divide x'® x M(x) modulo 2 by the generatorpolynomial, Ge(x), to obtain the remainder polynomn
= r0X15+ r1X14 .ot rgX + rys.

1+— The FCS field is given by the coefficients of the remainder polynomial, R(x).
Here, binary polynomials are represented as bit strings, in highest polynomial degree first order.
A\s an example, consider an-acknowledgment frame with no payload and the following 3 byte header:

0100 0000 00060 0000 0101 0110  [leftmost bit (bo) transmitted first in time]

The FCS for this case would be the following:

0010 0111 1001 1110 [leftmost bit (ro) transmitted first in time]

A\dypical implementation is depicted in Figure 16.

fon using

optional
mit and

RC. The
shall be

br which

ial, R(x)
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CRC-16 Generator Polynomial: G(x) = x'® + x'? + x® + 1

Y ) 4
Input Data _y /N <D< D
(LsBfirsty ~ N\ N SN
o 1 Iz I3 Iy I's Ie I7 Ts T9 T10 rig I12 Iz g I'ys
1. Initialize the remainder register (r0 through r15) to zero.
i i jvi i ission (I SB first)

3. After the last bit of the data field is shifted into the divider, the remainder register contains the FCS.
4. The FCS is appended to the data field so that r0 is transmitted first.

Figure 16 — Typical FCS implementation

7 One-way communication — blink message

The bagic mode of operation is simple one-way communication of a blink message conyeying the tag’s ID tq
the infrgstructure.

The blink frame length is minimized to save power and air-time, thus maximizingbattery life and tag density
The blink at this level is sufficient to identify the sending tag and, if received<at'a number of time-synchronizeq
infrastrycture nodes, is also sufficient to locate the sending tag.

Two eng¢oding options are allowed, one employing an ISO/IEC 15963 type of ID, and the other employing ar
IEEE EYI-64 ID. The tag may use either option. The infrastructure should be capable of decoding both
options.|The encodings are defined in the sub-clauses below.

The blink is a periodically transmitted message. Typically "after sending a blink message the tag will enter 3
lower ppwer sleeping state counting off the period untilithe next blink is due for sending. A random dithe
should be applied to the blink period so that tags with«closely aligned crystal frequency do not stay in lock-stef
where their transmissions collide for long periods.

7.1 Epcoding of blink frames with ISOAEC 15963 tag ID

This engoding carries an ISO/IEC 15963°ID and employs an encoding header octet defining the remaining

fields of

the frame. Figure 17 showsthe fields within the frame.

ISO/IEC 15963 ID, 6 octets

Optional Extended ID, 0/3-34 octets

1 octet

1 octet

Y octet

1 octet

1 octet

4 octets

0/1 octet

1 octet

1 octet

1-32 octets

Variable # octets

2 octets

Frame
Control (FC)

Sequénee
NUmber

Encoding
Header

Allocation
Class

Temp
Sensor

Ex-ID
Source

Ex-ID
Length

ExID

EXT Data

FCS

0x05 . ~

“ce
-
-
-
-
-
-
-
-
-
-
.
-
-

~<h

Frame Control (FC)

Encoding Header

Bit0

Bit 1

Bit2

Bit3

Bit4

Bit5

Bit6

Bit 0

Bit 1

Bit5

Bit 2 \ Bit 3 \ Bit 4

Bit6 \ Bit7

1

0

1

0

0

0

0

Battery Health

Bi-Level telemetry

TSD

Encoding

Multipurpose

SFC

No DST addr

No I[EEE ID
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Figure 17 — Blink frame encoding with an ISO/IEC 15963 ID
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7.1.1 Sub-fields of the blink frame with ISO ID

The individual sub-fields, shown in Figure 17, are described in the sub-clauses below.

7111 Frame control (FC)

The FC (octet) of the blink frame that carries an ISO/IEC 15963 ID has fixed value of 0x05, indicating the
multipurpose data frame with: a short 1-octet frame control, no destination address and a no IEEE source
address, indicating that the tag ID is an ISO/IEC 15963 ID carried later in the frame. A destination address is

preCesSary as the btk message s a broadeast frame:

y.1.1.2 Sequence Number

The sequence number octet contains the current value of the Data Sequence Number (DSN). The| DSN is
nserted into the outgoing blink frame, after which the DSN is incremented by 1 (module 256).

y.1.1.3 Encoding Header

The encoding header octet has a number of sub-fields defining the remaining contents of the framg. These
bre defined in Table 13.

Table 13 — Encoding header sub-fields in the blinkdframe that carries an ISO ID

. Bit .
Field number(s) Meaning
Encoding Mode | 7,6 This two-bit field defines-the encoding mode of the frame with the fpllowing
meanings:
0, 0 — Reserved.

0, 1 — The blink-frame has no optional extended 1D
1, 0 — The blink frame carries an additional optional extended ID
1, 1 — Resérved.

FSD 5 This bit!defines whether the frame contains Temperature Sensor Data, with
the follewing meanings:

0 ~means no Temperature Sensor data

1 = means Temperature Sensor data is present in the frame

Bi-Level 4,3,2 These bits are available for signaling the value of three separate bits of bi-
elemetry level sensor telemetry data. The meaning and use is tag manufagturer 1D
dependant. Example uses are for conveying button state, motion| sensor
trigger, or anti-tamper alarms.

Battery Level 1,0 These bits are used to signal the battery health, with the following megnings:
0, 0 — Battery Good

1, 0 — Battery 10% to 30%

0, 1 — Battery 0% to 10%

1, 1 — Tag does not provide battery status

Note:" This encoding header may be elided to send the minimal length blink shown in Figure 18.

the frame. A tag may send a mixture of minimal blinks and longer blinks.
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ISO/IEC 15963 ID, 6 octets
1 octet 1 octet 1 octet 1 octet 4 octets 2 octets
Frame Sequence | Allocation |\ e lD cos 10 octets for Minimum ISO ID blink
Control (FC) | Number Class 9 9
0x05

Figure 18 — Minimal blink frame encoding with an ISO ID

The min
longer f

7114
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four octd
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Tag ID:

7115
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7.1.1.6
This is &
the exte

ExID fie

Ex-ID S

Ex-ID L

imal blink may be used when there is no additional information to convey other than the tag’s ID.Nhg
brms of blink encoding may be used when the tag has additional information to convey.

ISO/IEC 15963 ID

/IEC 15963 ID is a 6-octet field, consisting of an Allocation Class octet, a Manufacturer ID octet, and 2

bt Tag ID defined as follows:

n Class: The current class is 0, so this is eight bits of “0”.

Cturer ID: This is a Unique Identification of the manufacturer of the tag. A single manufacturer may
have multiple IDs assigned to them. The manufacture ID defines the interpretation of
the EXT Data.

Unique Identification of the Tag (4-Bytes).
Temperature Sensor Data
n optional octet present if the TSD bit of the Encdding Header is set to 1.

Pt gives the temperature as a signed 8-bit integer with the range -128 °C to +127 °C.

Optional extended ID

n optional field present if the encoding mode bits (7, 6) of the Encoding Header are set to 1, 0. Wher
nded ID is present it consists~of an Ex-ID Source octet, an Ex-ID Length octet, and a variable length

30

d, which are defined as follows:
burce: This octet-defines the source of the ID (originating organization and/or ID encoding type)
Values 0-255, allocated according to Table 15.
bngth: This octet defines the length of the ExID in octets as shown in Table 14. Bits 0-4 represent
the number of octets and bits 5-7 are reserved and shall be set to zero upon transmission
and may be ignored upon receipt.
Table 14 — Ex-ID length
Ex-ID length Reserved
b0 (LSbit) — b4 (MSbit) b5 - b7
00000 1 octet 000
10000 2 octets
01111 31 octets
11111 32 octets
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ExID: The Identification Number. The ExID occupies the next n bytes of the extended ID field,
where n is Ex-ID Length divided by 8, or the next highest integer if the result is fractional.
An Ex-ID Length value of 0 means 256 bits or 32 octets. The least significant bits of the
ExID are sent first, and the final bits of the Ex/D in any partially filled final octet are justified
into the least significant bits of this octet with the unused bits set to zero.
Table 15 — Ex-ID Source codes and their meaning
Ex-ID L.
Source Description
0x00 Reserved. ISO/IEC may define these Ex-ID Source codes in future versions of this standard.
to
OxBF
0xCO0 | Manufacturer Specific. Manufacturers may define their own meaning for these Ex-ID Sourcé¢ codes.
to Interpretation of these codes then is dependent on the manufacturer' ID that is defined in clause
OxFF 7.1.1.4 or within IEEE ID defined in clause 7.2.1.3.
y.1.1.7 EXT Data
This field is an extension to allow the blink message to.carry manufacturer specific informatipn. The
nterpretation of data within this field depends on the ManufacCturer ID, see 7.1.1.4.
7.2 Encoding of blink frames with IEEE EUI-64 tag ID
[his encoding carries an IEEE EUI-64 ID giving, IEEE addressing compliance. Figure 19 shows the fields
ithin the frame.
Optional Extended ID, 0/3-34 octets | Optional EXT Variable # octetg
1 octet 1 octet 8 octets, 1octet | 0/1 octet 1 octet 1 octet 1-32 octets 1 octet Variable # octets | | 2 octets
1+ Contral (FC) b Namver | (Soltes Adcress) | Header | Semser | Source | Length | EXD | header |  EXTDa@ || Fes
'," 0xC5 \‘,.
I 4 4
Frafrie €ontrol (FC)
Bit0 | Bit1 | Bit2 /. Bit3 | Bit4 | Bit5 | Bit6 | Bit7
1 0 a4 0 0 0 1 1
Multipurpose SFC | No DST addr | 64-bit SRC
Figure 19 — Blink frame encoding with an IEEE EUI-64 ID
7.2.1 Sub-fields of the blink frame with IEEE ID
The individual sub-fields, shown in Figure 19, are described in the sub-clauses below.
7.21.1  Frame control (FC)
The FC (octet) of the blink frame that carries an IEEE ID has fixed value of 0xC5, indicating the multipurpose

data frame with: a short 1-octet frame control, no destination address and a 64-bit source address (the Tag

ID). A destination address is unnecessary as the blink message is a broadcast frame.
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7.21.2 Sequence Number

The sequence number octet contains the current value of the Data Sequence Number (DSN). The DSN is
inserted into the outgoing blink frame, after which the DSN is incremented by 1 (modulo 256).

7.21.3 TAGID (EUI-64)

The TAG ID within this blink frame is the 64-bit source address (EUI-64). Every tag employing this blink format
shall have a unique EUI-64 identifier. Typically this is assigned and permanently stored in the device during its
manufagture:

7.21.4 | Encoding Header

The engoding header octet has a number of sub-fields defining the remaining contents of the frame. Thess
are defiped in Table 16.

Table 16 — Encoding header sub-fields in the blink frame that carries an IEEE ID

Bit

Field number(s) Meaning
Encoding Mode | 7, 6 This two-bit field defines the encoding mode of the frame with the following
meanings:
0, 0 — Reserved.

0, 1 — The blink frame has no optional extended ID
1, 0 — The blink frame carries an additional optional extended ID
1, 1 — Reserved.

TSD 5 This bit defines whether the.frame contains Temperature Sensor Data, with
the following meanings:

0 — means no Temperature Sensor Data is provided

1 — means Temperature’Sensor data is present in the frame

Bi-Leve 4,3,2 These bits are available for signaling the value of three separate bits of bi
telemetqy level sensor telemetry data. The meaning and use is tag manufacturer IQ
dependant. .Example uses are for conveying button state, motion sensof
trigger, or @nti-tamper alarms.

Battery [evel 1,0 These bits are used to signal the battery health, with the following meanings:
0, 0=Battery Good

1+0-= Battery 10% to 30%

0,1 — Battery 0% to 10%

1, 1 — Tag does not provide battery status

Note it is allowed te"omit this Encoding Header in order to send the minimal length blink shown in Figure 20. In this
case it may be assumedithat the bi-level telemetry values and the battery level are either unknown (or unchanged from
any prev|ous report). Itrthis case there can be no additional data present in the frame.

1 dctetkEC 1 octet 8 octets 2 octets
DXCH Seq. Num 64-bit Tag ID FCS

12 octets for Minimum IEEE ID blink

Figure 20 — Minimal blink frame encoding with an IEEE ID

The minimal blink may be used when there is no additional information to convey other than the tag’s ID. The
longer forms of blink encoding may be used when the tag has additional information to convey. A tag may
send a mixture of minimal blinks and longer blinks.
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7.21.5 Temperature Sensor Data

This is an optional octet present if the TSD bit of the Encoding Header is set to 1.

This octet gives the temperature as a signed 8-bit integer with the range -128 °C to +127 °C.
7.21.6  Optional extended ID

This is an optional field present if the encoding mode bits (7, 6) of the Encoding Header are set to 1, 0.

The encoding of this optional extended ID field is the same as that defined in clause 7.1.1.6.

y.2.1.7 EXT Header

The EXT Header is a single octet bitmap which defines and indicates additional standard.elements of fhe EXT
Data field. The meaning of the bits within the EXT Header bitmap is given in Table 17. Each of [the bits
ndicates the inclusion of an optional element. The optional elements are individually*described in sudceeding
Clauses.

Table 17 — Definition of EXT Header bits

Bit # Designation Description

0 BRL Blink Rate and Listening. This allows farthe inclusion of fields indicating how|often
the tag is blinking and if it is capable ofreceiving commands when it will next|be
listening for them. When the BRL:hit'is 1 the blink rate and listening fields defined in
7.2.1.8.1 are included in the blink)frame. When the BRL is 0 these fields are got
included in the blink frame.

1 TLN Tag Listening Now. TLN = 1 indicates that the tag will listen directly after this [blink.
Where the blink rate.and'listening fields are included (i.e. when BRL = 1), the] TLN bit
shall agree with the-blinks to next listen sub-field, so that TLN shall be 1 when the
number of blinks.fo next listen is zero, and TLN shall be 0 for non-zero number of
blinks to nextlisten. Where TLN = 1 and BRL = 0 the preamble code used fo
listening shall-be the same as that used for sending the blink.

2to7 R Reserved. Sent as zero. These bits are reserved to allow for future definitions
extending the use of the blink message.

Note Where there(is no EXT Data it is allowed to omit the EXT Header. In this case it can be assumed thaf the Tag
Will not be listening for‘aresponse to the Blink.

y.2.1.8 EXT.Data

[his fieldis’ an extension to allow the blink message to extra information. Some of the EXT Data content is
Hefined by the EXT Header, see 7.2.1.7, any remaining octets included in the EXT Data are manufacturer
specific, and should only be interpreted if the manufacturer can be identified from the EUI-64 ID.

One standard element is defined in 7.2.1.8.1, which can be interpreted irrespective of the EUI-64 ID value.

7.2.1.8.1 Blink Rate and Listening Indication

The Blink Rate and Listening field is 4 octets in length and includes three separate sub-fields, described
below, which indicate how often the tag is blinking and whether it is capable of receiving a response and if so
when it will next be listening for a response. The order of transmission of these sub-fields is “Blink Rate"
followed by "Number of blinks to next listen" followed by "Listen mode". The 2-octet "Blink Rate" sub-field is
sent least significant octet first. If the tag cannot listen and/or the application does not need to know the blink
rate information then these four Blink Rate and Listening Indication octets may be omitted and the BRL bit in
the EXT Header should be set to 0.
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7.21.8.1.1 Blink Rate

The blink rate sub-field is 2 octets in length and encodes the blink rate as defined by Table 18.

Table 18 — blink rate encoding

Bit15 | Bit14 | Bits13to 0 Blink Rate range defined by bits 13 to 0
0 0 1to 16383 | Blink rate value is in milliseconds. Range = 1 ms to 16.38 s.
0 1 1to 16383 | Blink rate value is in units of 25ms. Range = 25 ms to 6.8 minutes.
1 0 1to 16383 | Blink rate value is in seconds. Range = 1 second to 4.5 hours.
1 1 - reserved

Note: This encoding is also used for configuring a blink rate, a value of 0x0000 is used for the whole 16-bi
field where this field is present in a configuration message but no change in blink rate is being made.

7.21.8.1.2 Number of blinks to next listen

The number of blinks to next listen sub-field is 1 octet encodes a countdown in blinks to the next listening
time. The meaning of this is defined in Table 19.

7.21.8.1.3 Listen mode

The list¢n mode sub-field is 1-octet field encoding the mode of listening as defined in Table 20. The five low
order bits of the listen mode indicate the code which the tag.will use to listen. The individual codes allowed td
be used on each channel are given in Table 6 and Table,7. The three high-order bits of the listen mode arg
reserved for future use.

Table 19 — Number of blinks to next listen

blinks to next listen value Meaning
255 Tag will not be listening
254 Tag will listen but wiII_ not be listening until
another 254 or more blinks have been sent.
253 Tag will listen after 253 more blinks.
2 Tag will listen after the two more blinks.
1 Tag will listen after the next blink.
0 Tag will listen directly after this blink.

Table 20 — Listen mode encoding

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R R R Value range = 1 to0 24

Reserved (TX as zero) This defines the preamble code the tag will use to listen for a response.
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8 Two-way communication — data messages

This is an optional mode of operation allows bidirectional data communication between infrastructure and
tags. Two-way communication is initiated by the infrastructure responding to a blink that includes an indication
that the tag will be listening for a response, see 7.2.1.8.1.

The two-way communication employs the data message encoding format defined in clause 8.1. The
operational details of the two-way communicatrions mode are defined in clause 8.2.

.1 Data Messages

The data frame encoding is used for the two-way communication that is an optional part of thisystandard. The
bne-way transmission of a blink from tag to infrastructure is sufficient to implement a Real.Time Location
System (RTLS) using the Time Difference of Arrival (TDOA) algorithm. Two-way communications allows for
bdditional features such as control of the tag, and, Time of Flight (TOF) range measurements, giying the
possibility of locating a tag from a hand-held device or implementing the RTLS based on’TOF measurgments.

The encoding defined here supports the transmission of various application level data frames|in both
lirections between tags and the infrastructure. For this communication both seurce and destination addresses
IDs) need to be included. The encoding used here is aligned with IEEE 802.15.4 data frame encoding.

2 octet 1 octet 2 octets 2 or 8 octets | @2\or 8 octets | Variable # octets | 2 octets
Frame Sequence S Destination Source s
Control (FC) Number Application 1D Address. Address Application data FCS
o Se- Ceoa
4 o -
4 Ceoa -
4 Ceoaa
4 A X
4 il X
o LE Y
4 L Y
4 T
L4 Ceoa cae
LY N

Frame Control (FC)

Bit0O | Bit1 | Bit2 | Bit3 | Bit4 | Bit5 | Bit6 | Bit7 | Bit8 | Bit9 10 11 12 13 14 ‘ 15
1 0 0 0 0 0 1 0 0 0 DestAddrMode 0 0 SrcAddrMods
Data SEC | PEND | ‘ACK 0 1 16bit 0 1 16bit
1 1 ) 1 1 )
64-bit 64-bit

Figure 21 — Data frame encoding

B.1.1 Data frame sub-fields

The data‘frame has six sub-fields, (not including the terminating FCS), which are: the FC (2-octets), the
sequence number octet, the application ID, source and destination addresses, and, the application leyel data.
hese 'sub-fields are described below:

8.1.1.1  Frame Control (FC)

The FC octets in a data frame have different values depending on the settings of the various sub-field bits
within the FC. These are discussed below in separate sub-clauses. The SEC, PEND and ACK bits are not
used in this standard but they might be employed by co-operating applications following IEEE 802.15.4 rules
as part of implementing additional functionality.
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8.1.1.1.1 Destination Addressing Mode

The DestAddrMode selects whether a 16-bit or a 64-bit address is used for the destination address. Typically
a tag will have a 64-bit address while the infrastructure devices may have 16-bit addresses. A 16-bit address
may be temporarily assigned to a tag by the infrastructure.

8.1.1.1.2 Source Addressing Mode

The SrcAddrMode selects whether a 16-bit or 64-bit address is used for the source address.

8.1.1.2

The sed
value off

8.1.1.3
This is 4
A value

infrastrd
values.

8.1.1.4
This ma
field. Th

data fra
with a d

8.1.1.5

This m4
field. W

8.1.1.6

This fiel

8.2 Opperation of two-way communication

Two wa

The ma
engage
out addi

Sequence Number

uence number octet contains the current value of the Data Sequence Number (DSN). The -Curren
DSN is inserted into the outgoing data frame, after which the DSN is incremented by 1 (madulo 256).

Application ID
16-bit value. Its frame location corresponds to the network ID within the IEEE(802.15.4 frame format

of Ox609A is used in all data frames defined in this standard. The low order:byte is sent first. Tags ang
cture devices complying with this standard may ignore received frames ‘with other Application |10

Destination Address
y be 16 or 64 bits long depending on the Destination Addressing Mode indicated in the Frame Contro
e sending tag or infrastructure node will insert the appropriate destination address when it is sending 3

me. Tags and infrastructure devices complying with this standard shall ignore received data frameg
bstination address that does not match their own assigned address.

Source Address

y be 16 or 64 bits long depending on the“Source Addressing Mode indicated in the Frame Contro
hen sending a frame the source address-should be set to be the sending node’s assigned address.

Application Data

i carries data defined in clause 8.2.

y communications is an optional part of this standard allowing for a richer set of functionality.

n (and default) message sent by the RTLS tag is the blink message. Where a tag is able to listen ang
in twoway exchanges with the infrastructure, these data message exchanges may be used to carry
tional ‘control of the tag, and, optionally to do two-way ranging, where the tag is sufficiently capable.

It is exp

ecled that DUA KTLS based on the reception of one-way bIInK messages will be the predaominan

activity of the infrastructure. For this only one-way communication is necessary, therefore a tag that listens
(after blinking) should not expect a response every time it is listening, and to save power its receiver should
remain on only for sufficient time to receive the longest expected response.

While two-way communications allows general configuration and control of the tag by the infrastructure,

another

36

usage is for two-way ranging which may be useful for finding a tagged item using a hand-held reader.
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8.2.1 The mechanics of two-way Communication

If a blink message indicates that the sending tag will be listening directly after the blink, the infrastruct

ure may

choose to respond, (usually from the nearest infrastructure node capable of two-way communications). The
infrastructure’s response and any subsequent resulting interactions shall employ the two-way messages

defined here. These two-way messages use the data frame encoding defined in clause 8.1.

Figure 22 — Application data frame
migure 22 shows the application level data within the data frame message. For the remainder of thi
he application payload messages are shown without the data frame-formatting that wraps around it.
[he destination addresses for any communication to the tag (and the source address for any commu

bssigned to that tag by the infrastructure.

2 octets 1 octet 2 octets 2 or 8 octets 2 or 8 octets Variable # octets 2 octets data frame
Frame Control | Seq. Num Application ID Dest. Address Source Address Application data FCS message format
P DN
0" ‘\
L4 <
Pie ~\‘
L4 . .
» application level data &
1 octet Variable # octets
Function Parameters dependant on Function.€Code
Code

5 clause

nication

rom the tag) will be the tag’s unique 64-bit address as used‘in the blink, unless a 16-bit address is temporarily

For communication to a tag, the infrastructure messages may use 16-bit or 64-bit. Where a message from the
nfrastructure elicits a response from a tag, the source address from the infrastructure message shall pe used
bs the destination address in the tag’s response:
The meaning of the application data messages and the functionality deriving from them dependq on the
unction code octet that is the first octet of every application data message. Table 21 lists the application
unction codes and their function. Succeeding clauses cover the various supported functions.
Fach function code selects a particular function and defines the length of the parameter data that fgllows it.
Manufacturer specific dataymay follow these standard defined parameters. Any such data should [only be
nterpreted if the manufacturer has been identified, e.g. via the EUI-64 ID in the blink message.
Table 21 — Application function codes

Function Code Selected Meaning/Function

0x10 Activity control from infrastructure

0x12 Read tag capabilities — infrastructure command

0x13 Response to read tag capabilities

G)\14 Rcad tdy CUI Iﬁyuldtiull - ;I |f|aat|ut,twc cutririal Id

0x15 Response to read tag configuration

0x16 Set tag configuration — infrastructure command

0x17 Response to set tag configuration

0x19 Error Response to set tag configuration

0x20 Ranging initiation — infrastructure command

0x21 Ranging Tag initial Poll response

0x23 Ranging Tag final response message with embedded TX time

0x25 Ranging Tag final response message with no embedded TX time
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Function Code Selected Meaning/Function
0x27 Ranging Tag TX time report of final response message (0x25)
0x60..0x77 User Codes - Specific applications may add functionality controlled and commanded by
and these codes. The manufacturer unique component of the ID should be used to check for

0xEOQ..OxF7 compatibility before issuing any Manufacturer Application specific user commands.

All other
Function Codes

Reserved

8.21.1

Upon tr.
expect &

In the ¢
other re

After an|

to the
infrastry

8.2.2 |

The act

bnsmission of a blink message which indicates that the tag is subsequently listening, the_tag-shoulg
ny of the following responses:

ase of no response, the tag should continue its periodic blinking, as per Clause 7. For each of thq
sponses listed above, the indicated clause describes the intéraction and subsequent activity.

y of the interactions described below, where the tag completes an interaction by sending a messagsq
infrastructure, the tag should listen (as it does after a blink) for additional commands from the

cture, and should resume its periodic blinking,, as per Clause 7, if no additional commands arg
received.

Activity Control

vity control message is used to command continued activity during the various message interactiong

Expected responses to a blink (and other messages)

No response

— Activity control, see 8.2.2

— Read tag capabilities command, see 8.2.3

— Read tag configuration command, see 8.2.4
Set tag configuration command, see 8.2.5
Perform two-way ranging command, see 8.2.6

describgd in succeeding clauses, and it is also used to signal the end of these activities.
The format of the 4-octet activity control message is shown in Figure 23. The activity message contains a one
octet aqgtivity code parameter and a related 2-octet activity parameter P. The meaning of the activity code ig
defined fin Table 22.
Table 22 — Activity control codes and their meaning
Activity oy
Code Description
0x00 Activity Finished — Tag should return to blinking. The 2-octer parameter ‘P' specifies a new blink
fate-as-defined-inTFable18—This-isused-at the-end-of aranging-exchanrgesee-8-2-6-but-may-alsd
be used in response to a blink.
0x01 Ranging Confirm — This is used during two-way ranging to confirm the success of a ranging
exchange and to initiate a new ranging exchange to the infrastructure node using the 16-bit
address given by P. See clause 8.2.6 for a description of the ranging exchange and the use of this
activity control command
0x02 Ranging Continue — This is used during two-way ranging to confirm the receipt of the tag’s poll
message and to solicit the final response message from the tag. P is ignored in this case. Clause
8.2.6 describes the ranging exchange where this message is used.
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1 octet Variable # octets
Function Parameters dependant on Function Code
Code
1 octet 2 octets
0x10
Activity code Parameter (P)

message

Figure 23 — Activity control message format

application level
data format

activity control

ransmitted first.

B.2.3 Read Tag Capabilities

he read tag capabilities command from the infrastructure to the tag has no additional parameters.

Infrastructure Tag
Read Tag Capabilities
- 1 octet
0x12 A
Tag Capabilities Response
5 octets P
/ 0x13 ‘ 32-bit capabilities mask

Figure 24 — Reading tag capabilities

Table 23 — Tag capabilities bitmap

he interaction is shown in Figure 24. The(response to the read tag capabilities command is a tag cay
response which contains the capabilities bitmap. Table 23 defines the fields within the capabilities
[his bitmap is transmitted in the order laid down in the table and for each field the least significg

A\fter sending the capabilities,response the tag should listen for additional commands, which may b
hose, listed in 8.2.1.1, narmally expected after a blink. In the case of no additional commands, the ta
rfesume its periodic blinking, as per Clause 7.

abilities
bitmap.
nt bit is

b any of
j should

Bit o
Parameter width Description
Supported channels 15 This is a bitmask, with one bit for each supported ¢hannel.
The low order bit being for channel 1 and the high order bit

being for channel 15, and the intervening bits being for
channels 2 to 14 in order. When a bit is set it means that
communication on that channel is supported, and also
implies support for all the preamble codes that are specified
for that channel by Table 6 and Table 7.

Supports PRF 64

This bit when set indicates that the tag can optionally send
and receive using the nominal 64 MHz PRF. Support for the
default nominal 16 MHz PRF is assumed.
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Bit s
Parameter width Description

Supported data rates 3 This is a bitmask, with one bit for each data rate supported,
with the bits from low-order to high-order meaning 110 kb/s,
6.8 Mb/s and 27 Mb/s. It is assumed that the device is
capable of the mandatory default 850 kb/s data rate.

Supported preamble lengths 8 This is a bitmask, with one bit for each preamble length
supported, running from the low-order bit to the high-orde
bit the bits of this bitmap indicate support for the folloWwing
preamble lengths: 64, 128, 256, 512, 1024, 1536, 2048 ang
4096 symbols.

Supports two-way ranging 1 This bit when set indicates that the tag can. do two-way
ranging.

Paddind 4 Unused bits, which should always b€ zero, used to pad ou
the tag capabilities bitmap to full ocliets.

Total 32 Total size of the tag capabilities)bitmap, in bits.

8.2.4 Read Tag Configuration

The reaf tag configuration command from the infrastructure to the'tag has no additional parameters.

The regqd tag configuration interaction is shown in Figure.25. The response to the read tag configuratior
command is a tag configuration response which gives the current tag configuration. Table 24 defines the fieldg
within this configuration structure. This structure is transmitted in the order laid down in the table and for each
field theg least significant bit is transmitted first. This structure is also employed by the set tag configuratior

command (see 8.2.5).

Infrastructure

-

| 1 octet

Tag Configuration Response

Tag
Read Tag Configuration

ox14 [

13 octets —

0x15 ‘ Current configuration

Figure 25 — Reading tag configuration

After transmitting the tag configuration response, the tag should listen for additional commands, which may be
any of those listed in 8.2.1.1. Where no additional commands are received the tag should resume its periodic

blinking, as per Clause 7.
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Table 24 — Tag configuration structure

Parameter Bit width Description
Configuration ID (PHY) 8 Value = 0x03. The high order 3 bits of this field give a code (000)
& Lenath which indicates this is configuration block 0 (for the PHY). The low
9 order 5 bits of this field give the length of the block (3 octets in this
case for block 0 — PHY configuration).

PHY-ChanreHNumber 4 {Oetet-H—edrrentchannetnumberitto45

PHY Preamble length 3 (Octet 1): current preamble length: 0 means 64 symbols, 1 means
128 symbols, and so on up to 7 meaning 4096 symbols:

PHY nominal PRF 1 (Octet 1): 0 means 16 MHz and 1 means 64 MHz

PHY Blink TX Code 5 (Octet 2): The preamble codes being used for blink transmission.
Note the code used should be one of thosé specified for that|channel
according to Table 6 or Table 7 depénding on the PRF.

Padding1 3 (Octet 2): unused 3 bits of padding set to zero

PHY 2W Code 5 (Octet 3): The preamble (codes being used for reception |of blink
response and 2-way_.meéssage interactions. This should bg one of
the codes specified-for/the selected channel according to Tgble 6 or
Table 7 depending on the PHY nominal PRF setting.

Padding2 3 (Octet 3): unused 3 bits of padding set to zero

Configuration ID (APP) 8 Value =10x27. The high order 3 bits of this field give a coge (001)

 Lenath whichiindicates this is configuration block 1 (for the applicatipn). The

9 low order 5 bits of this field give the length of the block (7 ¢ctets in
this case for block 1 — application configuration).

A\PP — Blink Rate 16 (Octets 1&2): Application blink rate as defined in Table 18

APP — RX On Time 16 (Octets 3&4): This is the RxOnTime in microseconds for which the
receiver stays on awaiting a response after a blink, (or a fpllow on
command after any interaction). When this time expires (i.e| with no
message received) then the receiver is turned off and |the tag
resumes (or continues) its periodic blink.

APP — Response Time 16 (Octets 5&6): Time in microseconds that the tag uses in fwo-way
ranging between receiving a ranging message and genefating a
response message

APP - Max Poll Retries 8 (Octet 7): Defines the number of times the tag will attempt to initiate
a two-way mnging m{r‘hnngn, hy anding its pnll message, if it does
not receive a response from the infrastructure to its poll. The default
value of this parameter is 3 retries.

Total number of octets 12 Total size of the tag configuration structure in octets.

Notes: The structure defined by Table 24

allows for extension. Only two of the eight possible ID values of the

“Configuration ID & Length” octets have been used and the 5-bit length parameter allows extension of current
configurations. An implementation then, might extend the length of PHY or application configurations, or add additional
Configuration IDs. The infrastructure should only change such values when it recognizes the tag via its ID as a known type
with known extensions. In all other cases the infrastructure should first get the configuration and any values beyond those
defined here should be left unchanged when setting the tag configuration.
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8.2.5 Set Tag Configuration

The set tag configuration command from the infrastructure to the tag allows for the setting of the configurable
items within the tag.

) . Ta
Infrastructure Set Tag Configuration g
13 octets
G)\‘IG { Il‘lICVV bUIlﬁguldlliUII
-
Tag set configuration response
13 octets .
/ 0x17 ‘ Resultant configuration

Figure 26 — Setting tag configuration

The sef| tag configuration interaction is shown in Figure 26. The both the new configuration, in the set tag
configuration command, and the resultant configuration, in the tag setconfiguration response message arg
formattgd configuration structures as defined by Table 24. These structures are transmitted in the order laig
down in[the table and each field is transmitted least significant bit is.first.

. : Ta
Infrastructure Set Tag Configtiration g
13.octets
0x16 | Current configuration settings
—

Tag set configuration error response

3 octets _ -
4/__/— 0x19 ‘ Error Code

Figure 27 — Error setting tag configuration

In the case of anserror where the tag detects an attempt to configure some item to an unsupported value the
tag shall ignore~the whole re-configuration attempt and respond with a tag set configuration error response asg
shown ipEigure 27. This includes a 16-bit error code which may be used as an aid to determining the sourcs

Of the etror_Thae maoanina of thic arrar ceada ic tan tmnlamantatinn Aanandant
CHor—Hec oo —thS o Eoac 1S agHprfeme o Geperaant

Assuming there is no error, the configuration change shall take effect immediately after the tag sends its tag
set configuration response. After sending the response to the set configuration command, the tag should listen
for additional commands, which may be any of those listed in 8.2.1.1. Where no additional commands are
received the tag should resume its periodic blinking, as per Clause 7.

42 © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=775d578f944a4c4c4e52631cb6b53d15

ISO/IEC 24730-62:2013(E)

8.2.6 Perform two-way ranging

The perform two-way ranging command initiates a series of message exchanges to perform two-way ranging.
Figure 28 shows the typical ranging interactions. The ranging initiation command assigns a temporary short
address to the tag. This is used for subsequent interactions until the tag is told, in an activity control ranging
confirm message that the interaction period is over (or the tag otherwise times out after not receiving any
infrastructure messages) and the tag returns to its periodic blinking activity.

The tag begins the two-way ranging exchange with a poll message.

The addressed infrastructure node that received the poll (at Tpgr), responds with an activity controlrgsponse
to poll) message (at Trr). This includes an option octet, allowing control of the next activity of the‘tag, and a
urther 2-octet parameter whose utility depends on the option octet. For the ranging exchange/to continue at
his point this option octet shall indicate Ranging Continue as per Table 22.

Infrastructure Tag

2-Way Ranging initiation
——————— 1octet 2 octets

0x20 Tag ShortAddress~ = ————Jm-

Tag Poll

_ ' Ter
1 octet

0x21
Tor /‘

Activity Control - Response (to poll)

Tprr—rouo | 1 octet 1 octet 2 octets
0x10 Option OptParam (P)
> TRR
Tag-Final Message — with embedded TX time
13 octets L — Ter
1 4 4 4
Ter 0x23 | PollTxTime | RespRxTime | embedFinalTxTime

Activity Control — Ranging Confirm

—_— 1 octet 1 octet 2 octets
0x10 Option OptParam

Figure 28 — Two-way ranging

Continuing with the ranging exchange the tag then sends the tag final message, reporting the 32-bit time of
transmission of the poll message (Tpt), followed by the 32-bit time of reception of the activity control response
(to poll) message (Tgrgr), followed by the accurately predicted transmit time of this final message (Tgr), also
32 bits. Clause 5.6 describes the timestamps and their units. The infrastructure notes the arrival time of the
final message (Ter).

Note: The embedded transmit time needs to include the transmit antenna delay and all system effects to

accurately predict the transmit timestamp to be identical to what it would have been if it had been was
determined after transmission normally.
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Where the tag is not capable of embedding the transmit time of the final message in the final message, a two-
step final message exchange is used as shown in Figure 29, here the final message with no embedding just
includes the 32-bit time of transmission of the poll message (Ter), followed by the 32-bit time of reception of
the activity control response (to poll) message (Trg). This tag final response message with no embedded TX
time message is immediately followed by a tag transmit time report message which reports the omitted send
time (Tg7) of the preceding final message.

The poll, response and final messages comprise a complete two way ranging exchange. The success of this
is confirmed by the act|V|ty control rangmg conflrm message, |nd|cat|ng in its option octet that the ranglng was

way ranging is over and the tag should return to |ts idle blink state.

If the talg does not receive the activity control ranging confirm message it shall re-initiate a two-way, ranging
exchange by sending the poll again. The infrastructure’s activity control response may act to redothe-tanging
exchange or may confirm the previous exchange telling the tag to move on to perform ranging to-another nodg
or may {ell the tag to return to its idle blink state.

If the thg does not receive a response to the initial poll it shall retry by transmitting it again, up tq
MaxNumberOfPollRetries after which the Tag should revert to blinking at its configured\blink period.

Infrastructure Tag
Perform 2-way ranging command
— —————— 1octet 2 octets
0x20 Tag ShortAddfess” [ ————p»
Tag Poll
2 . Tm
1 octet
0x21
Ton — |
Activity,Control - Response (to poll)
Tpr—o | 1 octet 1 octet 2 octets
0x10 Option OptParam (P)
— Trr
Tag Final Message — no embedding
13 octets L— Ter
@2 — 1 4 4
Ter 0x25 | PollTxTime | RespRxTime
Tag Final Send time Message
5 octets ———
/ I 4
0x27 FinalTxTime
Activity Control — Ranging Confirm
—_— 1 octet 1 octet 2 octets
0x10 Option OptParam
—_—

Figure 29 — Two-way ranging no embedding
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The meaning of option octet in the activity control messages and the usage of the associated two-octet
parameter is defined in clause 8.2.2.

If ¢ is the speed of light in air then the range is given by the expression:

Var ¢ ((Trr = Ter) = (Trr = Tpr)) + ((Trr — TrT) = (TFr — TrRT)))

Which may be Slmpllfled to: Va-c- (2'TRR_ 2:°Trr = Tpr + Tpr + Ter— TFT)-
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