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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

ISO or

IEC participate in the development of International Standards through technical committees

established by the respeciive organization 1o deal with particular fields of technical aclivity. ISO and JE[

technica
and non

technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Internati

The maip task of the joint technical committee is to prepare International Standards. |Praft International

Standarg

an Internfational Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention

rights. ISO and IEC shall not be held responsible for identifying any or all suchpatent rights.

ISO/IEC

Subcomimnittee SC 31, Automatic identification and data capture techniques.

ISO/IEC
locating

—  Part
—  Part

—  Part

committees collaborate in fields of mutual interest. Other international organizations, governmental
governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation

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

s adopted by the joint technical committee are circulated to national bodies for.voting. Publication gs

is drawn to the possibility that some of the elements of this documentimay be the subject of patent

24730-5 was prepared by Joint Technical Committee ISONEC JTC 1, Information technolog)

[}

24730 consists of the following parts, under the general title Information technology — Real-tim
systems (RTLS):

1: Application program interface (API)
2: 2,4 GHz air interface protocol

5: Chirp spread spectrum at 2,4 GHZzair interface

Vi
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CSS is a technique for spreading the bandwidth of a digital signal by using chirp pulses. Chirp pulses are
pulses with a monotonically increasing or decreasing instantaneous frequency. Chirp pulses were originally
used for radar applications. Recently, systems and standards have been developed which use chirp pulses

d
C
G

[So for communication applications. This part of ISO/TEC 24730 Includes ranging and bid
ommunication between tags and infrastructure. Bidirectional communication enables the infrastr
pntrol the behaviour of tags in a timely manner.

rectional
icture to

© ISO/IEC 2010 — All rights reserved
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Information technology — Real-time locating systems (RTLS) —

Part 5:
Chirp spread spectrum (CSS) at 2,4 GHz air interface

1 Scope

BO/IEC 24730 defines air interface protocols and an application programming intérface (API) for
cating systems (RTLS). This part of ISO/IEC 24730 defines an air interfacé protocol which utili:
read spectrum (CSS) at frequencies from 2,4 GHz to 2,483 GHz. This\protocol supports bid
mmunication and two-way ranging between the readers and tags of an RTLS. The mandatory def3
nsures interoperability between tags and infrastructure from various manufacturers, while the avai
veral options offers flexibility to the developer of the infrastructufe to adapt the behaviour of th
stem to the specific needs of his application.

Normative references

he following referenced documents are indispensable for the application of this document. F
references, only the edition cited applies. For undated references, the latest edition of the rg
ocument (including any amendments) applies,

IBO/IEC 15963, Information technology -~ .Radio frequency identification for item management —
idlentification for RF tags

BO/IEC 19762-1, Information techhelogy — Automatic identification and data capture (AIDC) techn
Harmonized vocabulary — Part'\l; General terms relating to AIDC

BO/IEC 19762-3, Information technology — Automatic identification and data capture (AIDC) techn
armonized vocabulary = Part 3: Radio frequency identification (RFID)

~

BO/IEC 19762-4, Unformation technology — Automatic identification and data capture (AIDC) techr
Harmonized vocabulary — Part 4: General terms relating to radio communications

BO/IEC 19762-5, Information technology — Automatic identification and data capture (AIDC) techr
armoriized vocabulary — Part 5: Locating systems

~

real-time
res chirp
rectional
ult mode
ability of
e overall

or dated
ferenced

- Unique

iques —

iques —

iques —

iques —

IBOAEC 24730-1, Information technology — Real-time locating systems (RTLS) — Part 1: A/Pplication

program interface (API)

Guidelines on Limiting Exposure to Non-lonizing Radiation, International Commission on Non-lonizing

Radiation Protection (ICNIRP), Munich, 1999

IEC 62369-1 ed1.0, Evaluation of human exposure to electromagnetic fields from short range devices (SRDs)
in various applications over the frequency range 0 GHz to 300 GHz — Part 1: Fields produced by devices

used for electronic article surveillance, radio frequency identification and similar systems

IEEE Std C95.1-2005, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency

Electromagnetic Fields, 3 kHz to 300 GHz

© ISO/IEC 2010 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762-1, ISO/IEC 19762-3,
ISO/IEC 19762-4, ISO/IEC 19762-5 and the following apply.

3.1
chirp spread spectrum
technique for spreading the bandwidth of a digital signal using linear frequency sweep signals

3.2
Class |
system that operates at a radiated power of up to 10 mW EIRP

3.3
Class Il
system that operates at a radiated power higher than 10 mW up to the maximum defined by local regulations

3.4

ranging
process pf determining the distance between two RTLS transceivers through the gexchange of a specific set ¢
messagds

=

3.5
ranging |peer
RTLS trgnsceiver with which to perform ranging

3.6
RF channel
combination of a centre frequency value and bandwidth value

3.7
RTLS tap
RTLS transceiver that accepts commands from ,RTLS readers and sends blinks and/or reports to the RTL
readers

U)

3.8
RTLS transmitter
part of ap RTLS transceiver which is.capable of sending messages

3.9
demultiplexer
equipment for reversing the-process of multiplexing

3.10
medium
wireless channel

3.1
trilateration

method of determining the relative positions of objects using the known locations of three reference points and
the measured distance between the object to be located and each reference point

3.12
interleaving
rearrangement or transposition of data to enhance the effectiveness of error control schemes

3.13

interleaver
unit that performs interleaving (3.12)

2 © ISO/IEC 2010 — All rights reserved
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3.14

baseband

frequency band occupied by the aggregate of the signals used to modulate a carrier before they combine with
the carrier in the modulation process

3.15
orthogonal
inner product being close to zero

3.16

fdeer X

X[th peer in a description of a situation with multiple peers

4 Symbols and abbreviated terms

ACK acknowledge

ARQ Automatic Repeat Query

BTS Backoff Time Slot

gIFS Carrier sense Inter Frame Space

qgTs Clear To Send

grRC Cyclic Redundancy Check

GSMA/CA Carrier Sense Multiple Access / Collision Avoidance
gss Chirp Spread Spectrum

dBr decibel relative

DEMUX demultiplexer

OQPSK Differential-Quadrature Phase Shift Keying
ODQPSK-CSS Differential Quadrature Phase Shift Keying over Chirp Spread Spectrum
Dst Destination address

HIRP Equivalent Isotropical Radiated Power
UFSR Linear Feedback Shift Register

LSB Least Significant Bit

MMSE Minimum Mean Square Error

MAC Medium Access Control

NAV Network Allocation Vector

PHR PHY header

PHY physical layer

PPDU PHY Protocol Data Unit

© ISO/IEC 2010 — All rights reserved 3
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PSDU

QPSK

RTS

RTLS

SFD

PHY Service Data Unit
Quadrature Phase Shift Keying
Request To Send

Real Time Locating System

Start of Frame Delimiter

SHR
SIFS
Src

TWR

SDS-TWR

5 (1)
7Y (1)
5, (1)

=)

synchronization header

Short Inter Frame Space

source address

Two Way Ranging

Symmetric Double Sided Two Way Ranging
Euler constant

imaginary unit

continuous time baseband representation of 2-ary @rthogonal CSS signal

implemented version of 5" (¢)
continuous time baseband representation of DQPSK-CSS signal

implemented version of 5" (£)

configuration constant.determining the type (one our of four possibilities) of sub-chirp
sequence used

superscript indicating that 2-ary orthogonal CSS is described
superscript'indicating that DQPSK-CSS is described

index variable

index variable

n'th eymhnl to be transmitted

My

4,

Tbase

continuous time baseband representation of chirp pulse b for 2-ary orthogonal CSS

configuration constant determining the chirp rate for 2-ary orthogonal CSS

constant determining the chirp rate for DQPSK-CSS

timebase

© ISO/IEC 2010 — All rights reserved
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TseiFs time in between two sub blinks

Thaiink average blink repetition time

Trand random time

TRxon duration of time interval for during which the receiver of a tag is activated

Tcontact maximum expected duration between a tag receiving any packets from infrastructure if such
is present

Tlrimeoutapplication duration of time interval during which a tag application shall respond to certain.requests

TlwaitafterRange duration of time for which a tag shall go to Wait state after leaving Range‘state

15 configuration constant determining the duration of a chirp pulse for, 2+ary orthogonal CSS

1 duration of sub-chirp sequence

1. duration of sub-chirp

Toim time position of k'th sub-chirp of n'th sub-chirp_.§equence of type m

W.(t) raised cosine window of duration 7’

o roll of factor of the raised cosine wihdow

A amplitude variable which is minimized in minimum mean square error computation

Th time delay variable that is>minimized in minimum mean square error computation

q phase variable that is minimized in minimum mean square error computation

a’n’k information-sample of k'th sub-chirp in n'th sub-chirp sequence

C,‘;‘,‘fn (t) continuous time baseband representation of k' sub-chirp of sub-chirp sequence typ¢ m

(. timing constant that determines the time-gap between subsequent sub-chirp sequénces for
the sub-chirp sequence type m

f kom offset centre frequency of k'th sub-chirp in sub-chirp sequence type m

Sim chirp direction of k'th sub-chirp in sub-chirp sequence type m

S (t) continuous time baseband representation of sub-chirp sequence of type m

© ISO/IEC 2010 — All rights reserved 5


https://standardsiso.com/api/?name=80f08e41c86bd81178d3ae1b522ae6b4

ISO/IEC 24730-5:2010(E)

5 Overview

5.1 Components

The major components of a real-time locating system (RTLS) and the relationship of those components are
shown in Figure 1. As shown in this Figure the tags communicate with an infrastructure. The infrastructure
provides an application program interface (API) through which an application can control the RTLS and
retrieve information about location and state of tags.

Tag 9

Infrastructure AP| <:>
\

Tag | \ \

((SO/IEC 24730-1)

Tag 1

Bidirectional air interface
(This part of ISO/IEC 24730)

Developer specific

Figure 1 — RTLS components

As indicgted in Figure 1 tags communicate with infrastructure over an air interface. Generally the air interfac
includes [the definition of waveforms, formats of packets as well as commands and reports to be exchange
between|tags and infrastructure. This can be depicted in a layered ap;}yroach as shown in Figure 2. Simila
interpretations can be found in other standards(e:g. in ISO/IEC 18000- 11,

—1QCD

Tag application layer

Tag MAC layer Infrastructure
Physical layer

Figure 2 — Air interface layers

5.2 Pyrpose

o 1ISONEC 24720 deofinpe Aan Aair intarfana nratnnnal that Antimi—onc amaAall cnala DT Q \aith

This pant—ef4SOHAEC247/30—defines—an—air—interface—protocelthat—optimizes—smallseale—RTLS—with

installation that enables simple, and also handheld, RTLS readers. Although the infrastructure itself is not
defined in this part of ISO/IEC 24730, it is anticipated that the air interface protocol has a strong impact on the
realization of the infrastructure and the related installation effort.

The key condition for simple installation is the possibility of ’autonomous’ infrastructure nodes. In this part of
ISO/IEC 24730, “autonomous” means there is not a requirement for these nodes to be synchronized with
other infrastructure nodes. After being placed at a fixed location, an autonomous node simply responds to
requests from RTLS tags.

This condition is achieved by specifying bidirectional communication and two-way ranging. As a consequence,
the tag must also support bidirectional communication. Although this requirement increases the complexity of

6 © ISO/IEC 2010 — All rights reserved
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the tag in one area, it also decreases the complexity in other areas, as additional interfaces for programming
and conditioning the tag are not required. Thus bidirectional communication with the tag is seen as beneficial
for many applications. Finally in order to utilize existing state of the art communication technology this part of
ISO/IEC 24730 includes parts that correspond with IEEE 802.15.4a" which is a PHY amendment of IEEE
802.15.4"! a successful standard for low power, low data rate wireless communication.

5.3 Not covered by the standard

The design of the infrastructure is left completely to the developer, e.g. the density of RTLS reader nodes,

A R i v A i i t up, etc.
htions, at
I¢ast three RTLS readers will communicate with each tag, measuring time of flight in order todecate the tag.
Hor more details on this interaction, see Clause 9, Tag application layer specification.

3.4 System

After power on, a tag uses a default profile in which it blinks periodically. With_each blink the tag sfgnals its
physical address, its capabilities and information about when it will be ready,to_receive commands|from the
imfrastructure.

he infrastructure decides whether it needs to send commands to the tag_while the tag is listening. By sending
gommands to the tag, the infrastructure controls which RTLS readers are part of the infrastructurg¢ the tag
performs ranging with. Furthermore the infrastructure can adapt the behaviour of the tags to the actual
gonditions such as the number of tags in range, number of infrastructure nodes available, etc. For gxample,
the infrastructure is able to instruct the tag to change to anhether mode (bandwidth, centre frequenfcy, data
rate) according to the actual environment or to perform ranging with a specific set of RTLS readers.

hen the tag assumes that it has lost connectionto.the infrastructure e.g. because it doesn’t redeive any

gommands for a certain time, it reverts to the default profile. A more detailed description of complete system
hehaviour can be found in Annex D.

4.5 Document structure
he remainder of this part of ISO/IEC 24730 follows the "layered structure" mentioned above. This means that
gfter the Requirements clause the three layers that form an air interface protocol (the Physical Laygr [PHY],

edia Access Control [MAC]'and the Tag application layer) are addressed and specified sqparately.
Additional information for the user of this part of ISO/IEC 24730 is provided in the informative annexes.

6 Requirements

6.1 Frequency range

his part>of ISO/IEC 24730 addresses real-time locating systems (RTLS) operating in the P,400 to
,4835\GHz frequencies.

N —

6.2 2,4 GHz spread spectrum air interface specifications
The minimum requirements shall include:

— RTLS transceivers shall autonomously generate a chirp spread spectrum frequency beacon indicating
when the receiver will be activated.

— RTLS transceivers shall be able to perform two-way ranging when the receiver is activated.

— RTLS transmitters shall be fully compliant with local regulatory requirements.

© ISO/IEC 2010 — All rights reserved 7


https://standardsiso.com/api/?name=80f08e41c86bd81178d3ae1b522ae6b4

ISO/IEC 24730-5:2010(E)

— Class | RF transmissions shall not exceed 10 m\W EIRP

— Class Il RF transmissions shall not exceed 100 mW EIRP or the maximum EIRP according to the
local radio regulations.

6.3 Compliance requirements

To be fully compliant with this part of ISO/IEC 24730, real-time locating systems (RTLS) shall also comply with
ISO/IEC 24730-1.

Device manufacturers claiming conformance to this part of ISO/IEC 24730 shall self-certify RF emissions_d
not exceed the maximum permitted exposure limits recommended by either IEEE C95.1: 2005 or IGNIR
according to IEC 62369-1. If a device manufacturer is unsure as to which recommendation to be.'cited fq
compliarjce the manufacturer shall self-certify to ICNIRP limits.

U O

=

6.4 Manufacturer tag ID

The manufacturer’'s tag identification number identifies a particular manufacturer and\consists of 16 bits. A
manufacturer may have more than one ID number. The frame format used in this\part of ISO/IEC 24730
mandates a MAC address of at least 48 bits for each device. The first 16 bits)of the MAC address ane
designated for the manufacturer’s identification number and shall be assignedZaccording to ISO/IEC 15963
Annex Df under Allocation Class 0000 0000.

6.5 Physical layer parameters

For the purposes of this part of ISO/IEC 24730, the following parameter definitions apply in Table 1. Thes
parametérs are referenced by parameter name. These operating parameters are to be defined for the

[©]

temperat

ure range of minus 30 degrees Celsius to 50 degrees Celsius.

Table 1 — 2,4 GHz.CSS link parameters

Parameter name

Description

Dperating frequency range

As permitted by local radio regulations in the band from
2400 to 2483,5 MHz.

Dperating frequency accuracy

+ 70 ppm (2-ary orthogonal CSS)
1 40 ppm (DQPSK -CSS)

Maximum phase noise

-85 dBc/Hz @ 1 MHz

Dccupied 20 dB charinelbandwidth

80 MHz (Default value)
22 MHz (Configuration option)

Centre frequeney, bandwidth combination

According to Table 2 and Table 6

Time base; Thase

31,25 ns

limé.base accuracy

+ 40 ppm

Class 2: Maximum in accordance to local regulations.

Transmitter spectrum mask

According to Table 3 and Figure 13

Spurious emission, out of band

The device shall transmit in conformance with spurious
emissions requirements defined by the country’s
regulatory authority within which the system is
operated.

Modulation

2-ary orthogonal CSS
DQPSK-CSS (optional)

© ISO/IEC 2010 — All rights reserved
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Parameter name Description
Data bit rates 1 Mbit/s
250 kbit/s
Symbol rates 108 symbols/s,
250000 symbols/s
166667 symbols/s (with DQPSK-CSS)
71 Physical (PHY) layer specification
1.1 Modulations
The PHY layer specification shall contain two modulations (2-ary orthogonal CSS and DQPSK-CES). The
support of 2-ary orthogonal shall be mandatory while the support of DQPSK-CSS is)optional.

N

7.2 Data rates

-ary orthogonal CSS shall support data rates of 1 Mbits/s and 250 kbit/s

OQPSK-CSS, when implemented, shall support data rates of 1 Mbits/s and 250 kbit/s.

7.2.1 General PHY packet format

Synchronization header (SHR) PHY protocol data unit (PPDU)

PHY packet shall consist of a synchronization header;and a PHY protocol data unit as shown in Figure 3.

Preamble Start of framedelimiter (SFD) PHY header (PHR) PHY protocol service unit (FSDU)

7

Figure 3 — General PHY packet structure

Tlhe definitions of preamble, SFD and PHY are givenin 7.3.7, 7.3.8, 7.3.10 and 7.4.14, 7.4.15, 7.4.16

he PSDU shall contain the MAC a frame defined Clause 8.

.3 2-ary orthogonal CSS

2

-ary orthogonal CSS shall be the mandatory PHY mode. A combination of centre frequency and b

andwidth

S

hall called "RF channel". The possible RF channels are defined in Table 2.

© ISO/IEC 2010 — All rights reserved
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Table 2 — Possible combinations of centre frequency and bandwidth for 2-ary orthogonal CSS

RF channel number Centre frequency Bandwidth
0 244175 MHz 80 MHz
1 244175 MHz 22 MHz
2 2412 MHz 22 MHz
3 2417 MHz 22 MHz
4 2422 MH=z 22 MHz
5 2427 MHz 22 MHz
6 2432 MHz 22 MHz
7 2437 MHz 22 MHz
8 2442 MHz 22 MHz
9 2447 MHz 22 MHz
10 2452 MHz 22 MHz
11 2457 MHz 22.MHz
12 2462 MHz 22 MHz
13 2467 MHz 22 MHz
14 2472 MHz 22 MHz
15 2484 MHz 22 MHz

7.3.1 Reference modulator diagram

The fungtional block diagram in Figure 4 is provided as”a reference for specifying 2-ary orthogonal CSS fq
both data rates 1 Mbits/s and 250 kbit/s. The functienality of the Bit scrambler block is specified in 7.3.9. Th
functionglity of the Bit to symbol mapping block, is-Specified in 7.3.5. The functionality of the chirp generatq

block is gpecified in 7.3.6.

Bit

PSDU
scrambler

A\ 4

Preamble, SFD, PHR

A 4

Bit to symbol
mapping

Chirp
generator

7.3.2 Bandwidths and Transmit power spectral density (PSD) mask

Figure 4 — Reference modulator for 2-ary orthogonal CSS

v

=

=

The supported bandwidth values shall be 80 MHz and 22 MHz. The transmitted spectral products shall be less
than the limits specified in Table 3, Figure 5 and Figure 6. For both relative and absolute limits, average
spectral power shall be measured using a 100 kHz resolution bandwidth. For the relative limit, the reference
level shall be the highest average spectral power measured within + Bandwith/2 of the centre frequency, fc.

For testing the transmitted spectral power density a pseudo-random binary sequence shall be used as input

data.

10
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Table 3 — Transmit PSD limits for 2-ary CSS

Frequency

Relative limit

Absolute limit

[f-fc| >Bandwith/2

-20 dBr

-30 dBm

dBr
A
6
-10 —
¥
20 — seeees — _-_.(.l/...
-30 —
""" T T T > [MHZ] offget from
-41,75 0 41,75 centre frequency
Figure 5 — Transmit PSD limits for 2-ary orthogonal CSS at 80 MHz bandwidth
dB
e oF
N
0 — O
\ o
-10 —
20 H =587 e A I
-30 —
1T T T T »  [MHZ] offset from
11 0 1 centre frequency

Figure 6 — Transmit PSD limits for 2-ary orthogonal CSS at 22 MHz bandwidth

© ISO/IEC 2010 — All rights reserved
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7.3.3 Equivalent baseband representation of the continuous time 2-ary orthogonal CSS signal

The mathematical representation of the continuous time-domain baseband signal 5 Mo () for 2-ary orthogonal

CSS shall be given by Equation (1).
~My e T
S (t)—Zcb t—nly —— (1)
n=0 ! 2
Where
M,  i$ indicating that 2-ary orthogonal CSS is described,
n i$ the index of the symbol,
b, gre symbols to be transmitted, which can take the values from [1, -1] and determine which of the twp
possible pulses is actually realized.
¢, (¢) dre the continuous time-domain baseband versions of the two possible plises, which are required fgr
2-ary orthogonal modulation and which shall be chirp pulses as described by Equation (2).
T
exp j-b-&'z‘2 W, (1) Sor |t =~
2 0 2
c,(t)= 2)
0 otherwise
Where
. . . 8O0MHz 22MHz , ]
M, is g constant which either takes the yalue 27 - ——— or 27 - ———— depending on the bandwidth
0 0
selected
1, i$ the duration of the chirp pulse which can take a value of 1 us or 4 ps, depending on the data rate,
=~
and
W, (t) [is the'raised cosine window as described in Equation (3).
12 © ISO/IEC 2010 — All rights reserved
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Vhere
is the duration of the raised cosine window.

r is the roll off factor of the raised cosine window.

.3.4 Signal tolerance

Ty

[Fo0-a-7"@-7,)- e

In addition to the limits specified in Table 3, the Minimum Mean Square’ Error, MMSE, shall be
riterion for the compliance of the signal. Let 5 Mo (t) be the signal that is defined by (1). Then M

mplemented version of 5 (¢) , shall satisfy (4) for by=+1 and b§=-1.

dt

VIMSE = min

A’Td’(p TO ~M, 2
ﬂs °(t)‘ dt

0

.3.5 Bit to symbol mapping
bit value of 0 shall be mapped to b=-1.

bit value of 1 shall bemapped to b=1.

.3.6 Chirp génerator

here the variables A, 14, and ¢ are used-to minimize the mean squared error.

used as
(t), the

<0.005 ()

Tlhe chirp generator shall generate subsequent pulses as defined in Equation (2).
7.3.7\_Preamble
The preamble for 2-ary orthogonal CSS shall consist of 30 alternating bits starting with bit 0 as shown in
Table 4.
Table 4 — Preamble bit sequence for 2-ary orthogonal CSS

Bitd| 1|2 |3|(4|5|6|7|8|9|10|11|12({13|14|15|15(17|18|19|20|21|22|23|24|25|26|27|28| 29

1 /0{1/0{1|0O1|0|1|0|1|0Of1|Of1]0|1|0O|1T|0O|1|Of1]|0|1|0|1|0]1] O
© ISO/IEC 2010 — All rights reserved 13
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7.3.8 Start of frame delimiter
The start of frame delimiter (SFD) for 2-ary orthogonal CSS shall consist of 64 bits that correspond to 8 octets

as specified in Table 5. The SFD shall start with the least significant bit of octet 0 and end with the most
significant bit of octet 7.

Table 5 — Start of frame delimiter for 2-ary orthogonal CSS

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

64h 52h 52h 9Ah 5Ah 4Bh DBh 54h

7.3.9 Bit scrambler

[¢]

Before trgnsmission, the bit sequence shall be scrambled with a pseudo-random noise (PRN)'sequence. Th
PRN-sedquence shall be generated with the polynomial g(D)= D7+D4+D0 (221 in octal representation) and
subsequently EXORed with the bit stream. The 127-bit-length PRN-sequence shall be generated with th
linear fegdback shift register, as illustrated in Figure 7.

D »

Scrambler init value

wel| || T

I bl
—d= L L O

4 Data out

v
\ 4
v
v

N/
V
\Y%
V
V
V
V

Figure 7 — Bit scrambler

7.3.10 PAHY Header

The PHY Header for 2-aryCotthogonal CSS shall consist of 8 bits. The first bit shall be reserved. The
subsequent 7 bits shall contain the Scrambler init value as depicted in Figure 7 starting with the MSB.

7.3.11 Qverview (informative)

[©]

For illustrative purposes Figure 8 shows an up chirp pulse and a down chirp pulse in passband domain, whil
Figure 9|shews the same pulses in time frequency domain. A bit sequence modulated with 2-ary orthogon
CSS is depicted in Figure 10 and Figure 11. T

14 © ISO/IEC 2010 — All rights reserved
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~
2 St

b=1 (Upchirp pulse) | | b=-1 (Dawnchirp pulse |

Figure 8 — Chirp pulses in passband domain

w
A

— T

To | | To

b=1 (Upchirp pulse) b=-1 (Downchirp pulse)

Figure 9 — Chirp pulses in time frequency domain

YA RO A OMARAN A 100G AN ADAANR

~

VTV U VIV T
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TO

Figure 10 — 2-ary orthogonal CSS modulated bit sequence in passband domain
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]
P
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Figure 11 — 2-ary orthogonal CSS modulated bit sequence in time frequency domain

7.4 DQPSK-CSS

=

Differentjal Quadrature Phase Shift Keying, in combination with chirp spread spectrum, is an optional PH
mode. The possible combinations of centre frequencies and bandwidths are defined)in Table 6.

Table 6 — Possible combinations of centre frequency and bandwidth for DQPSK-CSS

Centre frequency Bandwidth
2412 MHz 22 MHz
2417 MHz 22 MHz
2422 MHz 22 MHz
2427 MHz 22 MHz
2432 MHz 22 MHz
2437 MHz 22 MHz
2442 MHz 22 MHz
2447 MHz 22 MHz
2452 MHz 22 MHz
2457 MHz 22 MHz
2462 MHz 22 MHz
2467 MHz 22 MHz
2472 MHz 22 MHz
2484 MHz 22 MHz

7.4.1 Reference modulator diagram

The functional block diagram in Figure 12 is provided as a reference for specifying the DQPSK CSS mode for
both data rates 1 Mbit/s and 250 kbit/s. The functionality of the 1:2 DEMUX block is specified in 7.4.6. The
functionality of the S/P block is specified in 7.4.7. The functionality of the Symbol Mapper block is specified in
7.4.8. The functionality of the Interleaver block is specified in 7.4.13. The functionality of the P/S block is
specified in 7.4.9. The functionality of the QPSK mapper is specified in 7.4.9. The functionality of the chirp
generator block mapper is specified in 7.4.12.

16 © ISO/IEC 2010 — All rights reserved
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|
Symbol Mapper Inter-
12 | PSPPI Z3isorr=632 [ teaver [P|P'S[ >
Binary Data y
o] DEMUX
from PHR MQaPSIZr
and PSDU ‘| Svmbol M — Q i
ymbol Mapper nter- o
SPI™ =3/ or r=6/32 leaver ["|7S >
Preamble ___| b
and SFD N
. ) 4
Sub-chirp Chirp k®_
sequence —P P
Generator
I, 1, 11, or IV

DQPSK-
CSS

Figure 12 —- DQPSK CSS reference modulator

7.4.2 Bandwidth and transmit Power Spectral Density (PSD) mask

than the
esolution

-random

Tlhe supported bandwidth value shall be 22 MHz. The transmitted speetral products shall be less
limits specified in Figure 13. The average spectral power shall bey'measured using a 100 kHz 1
bandwidth. For the relative limit, the reference level shall be thés/highest average spectral power measured
within £11 MHz of the centre frequency. For testing the transmiitted spectral power density, a pseudg
hinary sequence shall be used as input data.
[dBr]
A
0 —
-10 —
20 —
-30
_40,-=
50 —| el S L .
N » [MHZ] offset from

Figure 13 — Transmit PSD limits for DQPSK-CSS

© ISO/IEC 2010 — All rights reserved
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7.4.3 Equivalent baseband representation of the continuous time DQPSK-CSS signal

The equivalent baseband representation of the continuous time DQPSK-CSS signal, Eniw‘ (), shall be defined
by Equation (5)

o 4
Erfl\/ll (t) = z Zdn,kclift/: (t - Tn,k,m) (5)

n=0 k=1

Where

M, i indicating that DQPSK-CSS is described.

m i$ a configuration constant from [1,2,3,4] (corresponding to [I, Il, lll, IV] in Figure 14) that defines which
of the foyir possible sub-chirp sequences has been selected.

n i$ the index of the sub-chirp sequence.
k i$ the index of the sub-chirp (see 7.4.3.1)
dn,k is the stream of DQPSK samples which can take values from [1+j ,1-, *1#j, -1-j] with j = /-1

Cp» (¢) [is a sub-chirp as defined in 7.4.3.1

T,,.. i%the time position of the sub-chirp as defined by Equation\(6).

Tn.k,m = k - I)Y—L'ub + nT‘l - (1 - (_1)” )Tm (6)
Where

T, is|the duration of the sub-chirp as definedlin Table 9.

1 is|the duration of the sub-chirp sequence as defined in Table 9.

T is|a constant as defined in Table'9 that determines which time-gap is applied between the previous and
the actugl sub-chirp sequence (see-Figure 15).

7431 Sub-chirp

A sub-chiirp shall be defined by (7)

: TYL{ TS’H TYL{
cofalin o tie (BB f)

Where

fem s aconstant that defines the offset centre frequency of the sub-chirp as defined in Table 7.

g“k,m is a constant that defines direction of the sub-chirp as defined in Table 8.

T

sub

is the duration of the sub-chirp as defined in Table 9.

18 © ISO/IEC 2010 — All rights reserved
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M, is a constant that takes the value 27 -

ISO/IEC 24730-5:2010(E)

8.6875125MHz

sub

W, s the raised cosine window with a duration of 7, , as defined in Equation (3).

7

.4.3.2  Sub-chirp sequence

A sub-chirp sequence shall be defined by (8)

(¢

b ad

A

4
S ()= Conlt—(k-DT,,)
k=1

Vhere
 is a configuration constant that defines which of the four possible sub-chirp sequences has been

[, (t) is a sub-chirp as defined in 7.4.3.1

, is the duration of the sub-chirp as defined in Table 9.

SU

.4.3.3 Parameters
able 7 defines the offset centre frequencies of the sub-chirps:
able 8 defines the chirp directions of the sub-chirps.

able 9 defines the timing parameters of the sub-chirps.

Table 7 — Offset centre frequencies of sub-chirps

(8)

Selected.

fiom [MHZ]
m\k 1 2 3 4
1 -3,15 +3,15 +3,15 -3,15
2 +3,15 -3,15 -3,15 +3,15
3 -3,15 +3,15 +3,15 -3,15
4 +3,15 -3,15 -3,15 +3,15
Table 8 — Sub-chirp directions
gk,m
m\k 1 2 3 4
1 +1 +1 -1 -1
2 +1 -1 +1 -1
3 -1 -1 +1 +1
4 -1 +1 -1 +1

© ISO/IEC 2010 — All rights reserved
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Table 9 — Timing parameters

Name Value
T4 192 Thase
Tsub 38 Thase
7, 15 Thase
7, 10 Thase
7, S Thase
7 4 0

7.4.4 Slignal tolerance

In additign to the limits specified in Figure 13, the minimum mean square error shall,be used as criterion fq
the compliance of the signal. Let 5" (¢) be the signal that is defined by Equation(5). Then 7' (¢), th

m

L =

implemepted version of Fnjy‘ (2), shall satisfy Equation (9).

. ]
[Fr@o-aria-r,) e
MMSE E min| > <0.005 form=1,2,3,4 9)

Ty
[[52n | ar

0

where the constants A, 174, and ¢ are used to minimize 'the mean squared error.

The dnx n?riw' (¢) in Equation (5) are constantly~equal (1+j) for the measurement for all n and k.

7.4.5 Qverview (informative)

DQPSK-CSS uses chirp spread/spectrum (CSS) techniques in combination with Differential Quadratun
Phase Shift Keying (DQPSK) and-8-ary or 64-ary Bi-Orthogonal Coding for 1 Mbit/s data rate or 250 kbit/
data ratd|, respectively.

»n O

7.4.5.1 | Waveform and’sub-chirp sequences

Four individual chirp pulses, here called sub-chirps, shall be concatenated to form a sub-chirp sequence tha
occupieq two adjacent frequency sub-bands. Each sub-chirp is weighted with a raised cosine window in the
time domain

Byusing nating tme-gap onJur On W ab- D Sequences, DQPSRK- provide aD- D
sequence division as well as frequency division. Four different sub-chirp sequences are defined. Figure 14
shows the four different sub-chirp sequences in time frequency domain. It can be seen that four sub-chirps
that have either a linear down-chirp characteristic or a linear up-chirp characteristic and a centre frequency
which has either a positive or a negative frequency offset against the centre frequency of the signal are
concatenated. The frequency discontinuities between subsequent chirps will not impact the spectrum because

the signal amplitude will be zero at these points due to the raised cosine window applied to each sub-chirp.

20 © ISO/IEC 2010 — All rights reserved
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Figure 14 — The four defined sub-chirp sequences

7.4.5.2 Active usage of time gaps

conjunction ‘with the sub-chirp sequences, pairs of time-gaps are defined. The time-gaps are chosen to
pply a.sharper orthogonality to the four sub-chirp sequences. The time-gaps are applied altgrnatively
etweén-subsequent chirp symbols as shown in Figure 15.

© ISO/IEC 2010 — All rights reserved 21
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746 D

For each
path). Th
and the s

7.4.7 Serial to Parallel mapping-(S/P)

By using
form dat
data sym
assigned
(bo, by, B
assigned

748 D

_’
2t,=0

Figure 15 — The four time-gap pairs for thefour defined sub-chirp sequences

emultiplexer (DEMUX)

=

packet the initial position of the DEMUX shown in Figure 12 shall be set to serve the | path (uppsd
us, the first bit of the incoming stream of information bits of a packet shall be switched to the | path
econd bit shall be switched to the Q path.

O

two serial to parallel‘converters, the sub-streams are independently partitioned into sets of bits {
A symbols. For the data rate of 1 Mbit/s a data symbol shall consist of three bits. Within the binar
bol (b, by, by)«thefirst input data bit for each of | and Q is assigned by and the third input data bit
b,. For the data’rate of 250 kbit/s a data symbol shall consist of 6 bits, within the binary data symb¢
0, b3, by, bs),the first input data bit for each of | and Q is assigned by and the 6th input data bit
bs.

n =<

ata,Symbol - to - Bi-Orthogonal code word mapping

Each 3-bit data symbol shall be mapped onto a 4-chip Bi-Orthogonal code word (c0, c1, c2, ¢3) for the data
rate of 1 Mbit/s as specified in Table 10. Each 6-bit data symbol shall be mapped onto a 32-chip Bi-
Orthogonal code word (c0, c1, c2, ..., ¢31) for the data rate 250 kbit/s, as specified in Table 11.

22
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Table 10 — 8-ary Bi-Orthogonal Mapping Table (r = 3/4)

8-ary Bi-Orthogonal r=3/4, 1Mbit/s
Data Symbol
Data Code Word
Symbol (Binary)
(Decimal) (cocic2€a)
(bo b1 b2)
U U0V T 1T 1T 1
1 001 11141
2 010 171-141
3 011 1-1-11
4 100 -1 -1 -1 -1
5 101 1111
6 110 1114
7 111 -1 1 NA1
Table 11 — 64-ary Bi-Orthogonal mapping'table (r = 6/32) (Optional)
64-ary Bi-Orthogonal ¥'=6/32, 250kbit/s
Data Symbol
Data Code Word
Symbol (Binary)
(Decimal) (coctc2 ..c31)
(b0 b1 b2 b3 b4 b5)
0 000000 11111111 11111111111111111111 1111
1 000001 11114114114 11411111111141114141414141H
2 000010 111141114414 11411141114411441144114H
3 000011 1141114411414 11141111414114111141114-41[1
4 000100 11114411111 14441111114444111114141H
5 000101 1141441411414 4141111111111414-11-11
6 000110 1114441111441 44111144114141111441411[1
7 000111 1144141114144 14111111111141411111H
8 001000 1111111144414 44411111111114441141H
Q 001001 1414141441414 11411141414144114141401
10 001010 1111411414441 144111141114411111111
11 001011 111411144141 1144141111111141111141114
12 001100 1111444414411 11111114141441411141111
13 001101 1111441414141 11111114111111111414
14 001110 1111444114411 1141114441111141111144
15 001111 1141411144111 111111141111411141414411
16 010000 1111111111111 111444114441114441-11414

© ISO/IEC 2010 — All rights reserved

23


https://standardsiso.com/api/?name=80f08e41c86bd81178d3ae1b522ae6b4

ISO/IEC 24730-5:2010(E)

64-ary Bi-Orthogonal r=6/32, 250kbit/s
Data Symbol
Data Code Word
Symbol (Binary)
(Decimal) (coc1c2 ...c31)
(b0 b1 b2 b3 b4 b5)

17 010001 1141414141411411411111411411111111111-11
8 UTOUTO =T =T T T=T=T T T=T=T T T=T=T=T=T T T=T=T T T=T=T T T=T-T 11
19 010011 1144114411441 111411411111141114-1114
20 010100 11114411111 14494111444911111414411.11
21 010101 114144141114 11441141141141111411110114
22 010110 111444414111 14449411414111111114001 1141
23 010111 1111414114 114414141411441114144141a4 11114141
24 011000 1111111114441 41414144414911111111
25 011001 1114141441414 141414141a4+41 11141114141
26 011010 1114411444414 1144111414491111111111-141
27 011011 11111141414 114411444 144111114414 11441
28 011100 1111444114441 11 1114441111111 111144
29 011101 1414414141414 1111111414141411-11
30 011110 1114494114494 t114111111114411441111
31 011111 144141114011 11414114111111114111114
32 100000 4141114441114 44111444111414411144-11414141
33 100001 A1114 1111111111414 14141414141141
34 100010 41411111411 14141144114411449114411
35 100011 4111111144141 1414414114414114141411414414114414114
36 100100 1111111144411 1114444141111444491111
37 100101 141414114 111414141111441414111144141111114
38 100140 4111114141411 1114144414141111444414111144
39 100111 14111144141 114114114114114114114141-11
40 101000 A144411444111111114414449411111111111
41 101001 411111111414 1414414141411414111114
42 101010 4111114111144 11444111441111111114
43 101011 1111411111141 1414114111111111414114-11
44 101100 41444111111 111144441141111111144-141
45 101101 4111111414141 1411414114141141111411
46 101110 41111141411 14114111441411114411444411
47 101111 141111441144 1414114414114114111111414114
48 110000 4111444444444 141111111111111111111
49 110001 4141411141414 114111141411141411141114
50 110010 4111141114141 14141111144114411441144
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64-ary Bi-Orthogonal r=6/32, 250kbit/s
Data Symbol

Data Code Word

Symbol (Binary)

(Decimal) (coct1c2 ...c31)

(b0 b1 b2 b3 b4 b5)

51 110011 411411114141 141114144114491141449111411
52 TTOTO0 Bt g I O B R I O I O Y 1 I ¢ I g O B
53 110101 4111141141111 1414141449141 11144111
54 110110 A141111444111111449114494941911 1141441 1|1
55 110111 4111141111114 1441114414 11400311111
56 111000 4111141441111 11111111 1111 A4 4949K
57 111001 414141114114 11411141414411111-1141-1[1
58 111010 4111111111411 1144141148331 1444410114411
59 111011 4111141114144 11141912+=1 111114114411
60 111100 41111111111 1414414891111449449441444111 11
61 111101 4141411411414 144411141141441414114111141 1K
62 111110 4111114411411 11114494111441111 11K
63 111111 4111111140111 114144141144911-1 1111

=~

T O 0O O M

.4.9 Parallel - to - Serial converter (P/S) and/QPSK symbol mapping

ach Bi-Orthogonal code word shall be converted to a serial chip sequence. Within each 4-chip code|word (c0,
1, c2, c3) for the data rate of 1 Mbit/s, the least significant chip c0 is processed first and the most significant
hip c3 is processed last for | and Q,\tespectively. Within each 32-chip code word (c0, c1, c2, ..., c3|l) for the
ata rate of 250 kbit/s, the least, significant chip c0O is processed first and the most significant chjp ¢31 is
rocessed last for | and Q, respectively. Each pair of | and Q chips shall be mapped onto a QPSK symbol as
pecified in Table 12.

Table 12 - QPSK Mapping Table

QPSK Symbol Mapping
Input chips (Inx Qnk) Magnitude Output Phase ¢, , [rad]
1, 1 1 0
-1 1 1 12
1, -1 1 -T1/2
-1, -1 1 m

7.4.10 Differential-QPSK (DQPSK) coding

The stream of QPSK symbols shall be differentially encoded by using a differential encoder with a QPSK
symbol feedback memory of length 4. (This means that the phase differences between QPSK symbol 1 and 5,
2 and 6, 3 and 7, 4 and 8 and so on are computed.)
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jen & / en—l Sk /¢n k

DQPSK Output: € =e Xe

where ¢’%* is the QPSK input,

Tk

e is stored in feedback memory.

For every packet, the initial values of all 4 feedback memory stages of the differential encoder shall be set

e’ or equivalently g — z/4 [red1

7.4.11 OQPSK to DQPSK-CSS modulation

The strepm of DQPSK symbols shall be modulated onto the stream of sub-chirps generated by the chinp
generatgr. One DQPSK symbol shall be multiplied with one sub-chirp.

7.4.12 Qhirp generator

The chirp generator shall periodically generate the one of the four defined sub-chirp,sequences as specified in
7.4.3.2, Which has been configured.

7.4.13 Bit interleaver

The bit ipterleaver shall be applied only for the data rate of 250 kbit/s/ The 32 chip Bi-Orthogonal code words

shall be [interleaved prior to the parallel to serial converter. The input-output relationship of this interleavg
shall be given by:

-

Input:
even-gymbol (c0, c1, ¢2, ¢3, c4, c5, c6, c7, ¢8, ¢9, c10, c11, c12, c13, c14, c15,

c16, ¢17, ¢18, ¢19, ¢c20, c21, c22,/c23, c24, c25, c26, c27, c28, c29, c30, c31)

odd-symbol (d0, d1, d2, d3, d4, d5, d6, d7,/d8, d9, d10, d11, d12, d13, d14, d15,

d16, d17, d18, d19, d205d21, d22, d23, d24, d25, d26, d27, d28, d29, d30, d31)

Output:
even-gymbol (c0, c1, c2(e3, d20, d21, d22, d23, c8, c9, c10, c11, d28, d29, d30, d31,

c16, c1%,¢18, c19, d4, d5, d6, d7, c24, c25, c26, c27, d12, d13, d14, d15)

odd-symbol (d0;d1, d2, d3, c20, c21, c22, c23, d8, d9, d10, d11, ¢28, c29, c30, c31,

d16, d17, d18, d19, c4, c5, ¢6, c7, d24, d25, d26, d27, c12, c13, c14, c15)

As shown in Figure 12, coding (symbol mapping) is applied to every bit following the SFD. The first codeword
generated shall be counted as zero, and thus is even.

7.4.14 Preamble

The preamble for 1Mbit/s shall consist of 32 bits as specified in Table 13. The preamble for 250 kbit/s shall
consist of 80 bits as specified in Table 13. The preamble sequence from Table 13 shall be applied directly and
in parallel to the | input and the Q input of QPSK Mapper, as indicated in Figure 12.
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Table 13 — Preamble Sequence
Data rate Preamble Sequence
1 Mbit/s ones(0:31)
250 kbit/s ones(0:79)
where ones(0:N) for integer number N shall define a 1-by-N matrix of ones.
7.4.15 Start of frame delimiter
A different start of frame delimiter (SFD) shall be used for each of the two data rates. Accerding to|the data
rate, the SFD sequences as specified in Table 14 shall be applied starting with bit O directly and in parallel to
the I input and the Q input in of QPSK Mapper, as indicated in Figure 12.
Table 14 — SFDs for DQPSK-CSS
Data rate Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit | Bit ([ Bit | Bit | Bit | Bit | Bit | Bit
0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
1 Mbit/s -1 1 1 11111 -1]-1] 101 1 1 11111
250 kbit/s -1 1 1 1 1|1 1 143t | -1 ] 1 ]-1]-1]-1 1 1
7.4.16 PHY Header
Tlhe PHY Header for QPSK CSS shall be empty (consist of 0 bits).
8 MAC sub-layer specification
4.1 Overview
As generally described in litérature, e.g. Tanenbaum'®, the MAC sub-layer is the layer above the PHY layer.
The MAC sub-layer controls access to the Medium (wireless channel) using methods such as ALOHA or
GSMA/CA. The MAC( sub-layer performs operations like address filtering, checksum generation and
gvaluation. Furthermore, the MAC sub-layer processes handshake packets for 2-way handshake apd 3-way
handshake e.g. IEEE 802.1 151 In this part of ISO/IEC 24730 the process of ranging (determining the|distance
between twoRTLS transceivers) is realized using handshake packets. Thus ranging-relajed time
measurements are specified inside the MAC sub-layer specification.
8.2 , General packet format
Tihe-PHY protacol service unit shown in Figure 3 shall also be called “MAC frame”
8.3 Packet types
The RTLS transceiver shall support the packet types shown in Table 15.
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Table 15 — Packet types

Type Name Description Format

Data Data |[The MAC frame of a Data packet can Figure 16
contain up to 8192 octets of data
payload.
Acknowledgement | ACK Acknowledges the successful Figure 17
reception of a Data packet.
Broadcast Broadcast|Transmits information to all stations in Figure 18
range

Request to Send RTS Requests a frame transmission Figure 19
Clear to Send CTS Confirms a requested frame Figure 20

transmission and indicates that a
Data packet can be transmitted.

8.4 MAC frame formats

8.41 MAC frame format for Data packet

The Datg packet shall use the MAC frame format defined in Figure 16

Reserved | Type Dst Src Length Ctrl [ CRC1 MAC payload CRC2

4 4 48 48 13 3 16 8...8"8192 16

Figure 16 — MAC frame format for Data packet

8.4.2 MAC frame format for ACK packet

The ACK packet shall use the MAC frame format defined in Figure 17.

Reserved | Type Dst CRC1
4 4 48 16

Figure 17 — MAC frame format for ACK packet

8.4.3 MACf{rame format for Broadcast packet

The Broadcast packet shall use the MAC frame format defined in Figure 18.

Reserved | Type Blink info Src Length Ctrl CRC1 MAC payload CRC2

4 4 48 48 13 3 16 8...8"8192 16

Figure 18 — MAC frame format for Broadcast packet
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8.4.4 MAC frame format for RTS packet

The RTS packet shall use the MAC frame format defined in Figure 19.

Reserved | Type Dst Src Length Ctrl CRC1
4 4 48 48 13 3 16
Figure 19 — RTS packet
8.4.5 MAC frame format for CTS packet
Tilhe CTS packet shall use the MAC frame format defined in Figure 20.
Reserved | Type Dst Length Ctrl | CRC1
4 4 48 13 3 16

Figure 20 — CTS packet

.4.6 MAC frame fields

.4.6.1 Reserved field

he reserved bit field shall be reserved for futureCenhancements. The bits of the reserved field shall H
s specified in Table 16.

Q

Table 16 — Reserved field definitions

Bit 0 Bit 1 Bit 2 Bit 3

0 0 0 0

.4.6.2 Type field

—

he Type field-shall contain a code that identifies the actual packet type as specified in Table 17.

Table 17 — Type field definitions

e written

Packet-type Bit 0 Bit1 Bit 2 Bit3
Data 0 0 0 0
ACK 1 0 0 0

Broadcast 1 1 0 0
RTS 0 0 1 0
CTS 1 0 1 0
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8.4.6.3

Blink info

The Blink info field shall be used by the upper layer according to the specification in Figure 40.

8.4.6.4

Dst field

The Dst field shall contain the 48-bit destination address starting with bit 0.

8.4.6.5

Src field

The Src
TagIDd

8.4.6.6
In a Dat]
minimun
payload

In a RT
transceiyv

8.4.6.7

The Ctrl

field shall contain the 48-bit source MAC address starting with bit 0. The MAC address shall be\the
escribed in 6.4.

Length field

b or Broadcast packet, the Length field shall contain the number of octets of MAC payload. Th
size of the MAC payload is one octet. A value 0 of the Length field shall indicate that the MA
contains 8192 octets.

)0

[92)

S or CTS packet, the Length field shall contain the number of octets that the initiating RTL
er intends to transmit in the MAC payload of the subsequent Data packet.

Ctrl field

field shall be used by the upper layer according to the specification in Clause 9.

8.4.6.8 | CRC calculation
CRC1, ds well as CRC2, shall be calculated using the-polynomial X'®+X'?+X°+1. For reference purposes, ja
structure| for CRC calculation using a Linear Feedback Shift Register (LFSR) is depicted in Figure 21 and
Table 18
Input Data
(LSB firsp)/ T\ X v
(e
fo Iy P f3 M4 Ms fe 7 Mg fo l10 I11 f2 T3 M4 M5
Figure 21 — CRC calculation with LFSR
Table 18 — Steps for CRC calculation with LFSR
Step Operation
1 Initialize all registers (rq through rys5) to one
2 Shift data portion for which CRC is to be
calculated into the LFSR
3 After the data portion has been shifted in, invert
bits ry through rys.
4 Bits ry through ry5 contain the CRC value
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4.6.9 CRC1 field
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The CRC1 field shall contain the CRC1 checksum starting with bit rys. CRC1 shall be calculated starting with
the first bit of the MAC frame until the bit just before the CRC1 field.

8.4.6.10 MAC payload field
The MAC payload field shall be used by the upper layer according to the specification in Clause 9.
§4:6-t—CRC2 field
Tlhe CRC2 field shall contain the CRC2 checksum starting with bit ris. CRC2 shall be calculatéd) stafting with
the first bit following the CRC1 field until the last bit of the MAC payload.
4.5 MAC Timing
Tlable 19 specifies timing values which shall be used by the MAC sub-layer as specified in the subsedquent sub
dauses.
Table 19 — Basic MAC timing parameters
Parameter name Value Tolerance
AirInterface PropagationTimeMax 8 us Relative timebase
tolerance as specified
in Clause 6
SIFS (Short Inter Frame Space) 8. s Relative timebase
tolerance as specified
in Clause 6.
CIFS (Carrier sense Inter Frame SIFS +2 Airlnterface | Relative timebase
Space) PropagationTimeMax | tolerance as specified
in Clause 6.
BTS (Backoff Time Slot) 24 us Relative timebase
tolerance as specified
in Clause 6
8.5.1 2-way handshake
2Z-way handshake shall consist of acknowledging a received Data packet by transmitting an ACK pagket back
tp the RTLS, ransmitter that sent the Data packet. Upon reception of a Data packet, the MAC sub-layer of the

-

A

bsponding 'RTLS transceiver shall start its ACK packet after SIFS time, as depicted in Figure 22.

n-RTLS transceiver shall be capable of performing a 2-way handshake as initiating RTLS transceive)

.

An RTLS transceiver shall be capable of performing a 2-way handshake as responding RTLS transceiver.
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Initiating RTLS transceiver Responding RTLS transceiver
Data
R
| SIFS %
TRound f TRepIy
Ack - Ye
ol /
v v
t t

Figure 22 — Data ACKtiming

8.5.2 3rway handshake

An RTL§ transceiver shall be capable of performing 3-way handshake. 3-way handshake shall consist of the
steps specified in Table 20 and depicted in Figure 23.

Table. 20 — 3-way handshake procedure

Step

1 The initiating RTLS transceiver sends the RTS packet to the responding RTLS transceiver

2 If the responding-RTLS transceiver has received the RTS, the responding RTLS transceiver sends
the CTS packetio the initiating RTLS transceiver

3 If the initiating RTLS transceiver has received the CTS packet, the initiating RTLS transceiver
sends the'Data packet to the responding transceiver.

4 If the' responding RTLS transceiver has received the Data packet, the responding RTLS
transceiver sends an ACK packet to the initiating RTLS transceiver

3-way handshake shall be performed according to the timing specified in Figure 23.
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Initiating RTLS transceiver Responding RTLS transceiver

%

[~"" SIFS

Clr2S

SIFS

£

Data

TRound / f TReply
Ack el

Figure 23 — RTS-CTS timing

8.5.3 Ranging-related time measurements

>

n RTLS transceiver shall be capable of measuring Trepy @and Troung @S depicted in Figure 22 and figure 23
ithin the.time base accuracy specified in Clause 6.

<

8.5:4 * Media access

An RTLS transceiver shall support ALOHA as specified below.

An RTLS transceiver shall support CSMA/CA (Carrier Sense Multiple Access/Collision avoidance) as
specified below.

8.54.1 ALOHA

When using the ALOHA protocol, an RTLS transceiver shall immediately access the Medium without prior
listening for any activity.
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8.54.2

CSMA/CA

When using CSMA/CA, an RTLS transceiver shall be able to sense whether the Medium is busy by using one
or more of the following methods:

Energy detect

Physical carrier sense

Virtual carrier sense

When th

8.5.4.2.1
CSMA/C
In case g
In case g

CSMA/C

8.5.4.2.2
When us

average
by the up

8.54.23

When us
When ch

8.5.4.2.4] Virtual carrier sense

When us
evaluatin
related t

e Medium is busy, the RTLS transceiver shall back-off, as specified in 8.5.4.2.5.

Usage of CSMA/CA
A shall be applicable only for 2 way handshake and 3-way handshake.
f 2-way handshake CSMA/CA shall be used only for the data packets.
f 3-way handshake CSMA/CA shall be used only for the RTS packets.

A shall be used on request of the upper layer.

Energy detect

ing energy detect, the RTLS transceiver shall sense the average power during a CIFS period. If th
power is above a threshold of EDy,es the Medium shallcbe assumed busy. EDy,es shall be selectabl
per layer from [ -30 dBm, -50 dBm, -70 dBm,- 90 dBmj.

D P

Physical carrier sense

ing physical carrier sense, an RTLS transeeiver shall sense for CIFS duration before transmission.
irp symbols are detected, the Medium shall be assumed busy.

ing virtual carrier sense, an~RTLS transceiver shall maintain a network allocation vector (NAV) b
g the type field and the length field of any incoming traffic. Thus, the NAV contains the informatio
b how long the Medium~will be kept busy by the ongoing packet exchange as specified in Figure 24,

b <

A
\ 4

Defer access

Figure 2% and Figure 26.
Length field
Type field SIFS CIFS
g D
Data i
1 I : t
Ack
NAV (Data) :

34

A
\

Figure 24 — NAV for Data packet
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Length field
Type field CIFS
N >
Broadcast
! ! > 1
NAV (Broadcast) ! !
Defer access
Figure 25 — NAV for Broadcast packet
Length field
| ype field SIFS CIFS
g "
Data i i
; [l [l > t
i Ack
; i NAV (Data)
3 NAV (CIr28) .

NAV (Reg2S)

A

\4

Defer access

Y
A

Figure 26 — NAV for 3 way handshake

8.5.4.2.5 Back-off

(wel

ack-off-shall be applied in combination with CSMA/CA in order to reduce the probability of collisions|between
ansceivers that try to access the Medium when it becomes idle.

—

5.4.251 Back-off procedure

If the Medium is idle, the RTLS transmitter shall wait a specific period of time of CIFS before it attempts or
reattempts a transmission. This time period is the contention window and is determined by a back-off counter
that counts defined time slots, each of which is a back-off time slot (BTS). This procedure is illustrated in
Figure 27 and specified as follows.

While the Medium is idle, the RTLS transmitter shall decrement the back-off counter using physical carrier
sensing and/or energy detect as configured by the upper layer until either the Medium again becomes busy or
the back-off counter reaches 0. While the Medium is busy, the back-off counter shall be frozen until the
Medium is detected idle again.
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An RTLS transmitter shall access the Medium and transmit a packet only when the back-off counter has
reached “0” and the Medium is idle.

When a station makes the first transmission attempt, the back-off counter shall be initialized with a pseudo-
random integer in the range of 0 to 7. For every new reattempt, this range shall be doubled. For the second
transmission attempt, the back-off counter shall be initialized with a pseudorandom integer in the range of 0 to
15; for the third attempt, it shall be initialized in the range of 0 to 31. If the third attempt (second
retransmission) also no ACK is received, the transaction shall considered to have failed.

Carrigr sense

v
—

Backdff counter

Initialize backoff
counter with random

B R — number N

Medium access

Contention window .

» »'d
L] P«

Defer access

_'___-—_-_-_____________

Figure 27 — CSMAJ/CA Back-off procedure

9 Tag application layer specification

9.1 Ovyerview

[92)

The tag |application layer is the) layer above the MAC sub-layer. The tag application layers of an RTL
transceifer in a system communicate through application packets. Four types of application packets arn
defined:

D

1) Command packets are used by the infrastructure to transmit instructions to tags.

2) Repprt packets are used by tags to transmit any kind of information or notification to the infrastructure.

3) Ranping packets are used for ranging packet exchanges.

4) Blink packets are Broadcast packets transmitted by tags.
The tag application can be switched between certain states, as illustrated in Figure 28. A set of commands is

defined through which the infrastructure can instruct the tag application to go to desired states or to go
through sequences of states. Details on states and state transitions are specified in 9.2 and 9.2.6 respectively.
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Default
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Figure 28 — Tag-application states

9.1.1 Example scenario
Tihe following example scenario is for illustrative purposes:

A tag is travelling through the world. Since most of the world is not equipped with any wireless infragtructure,
the tag will be in the default state, which means the tag sends out broadcast packets (blinks)) on g regular
basis.

When the tag enters an, aréa equipped with an infrastructure which is compliant with this part of| ISO/IEC
24730, the infrastrueture will receive one or several broadcast packets (blinks). The infrastrucfure then
imstructs the tag hewnit'should behave by sending one or several application packets, each containing one or
hich the
sending

the time
bmmand.
s out an
d by the
infrastructure, the readers to range with might change. Thus the mfrastructure will update the list of readers to
range with (the list of ranging peers) using the commands SetRangingPeers and/or AddRangingPeers.

It should be noted that in order to accommodate varying numbers of tags inside the infrastructure area, the
infrastructure can individually instruct each tag how often per time unit the tag shall range with its peers
through the SwitchState(Ranging) command.

When the infrastructure recognizes from position changes of the tag, that the tag is about to leave the
infrastructure area, a reader will instruct the tag to switch to the default state.
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If the instruction to switch to the default state is missed, the tag itself will decide to switch to default state after

not having received any commands for a certain time.

9.2 Tag application states

An RTLS tag application shall support the states listed in Table 21.

Table 21 — Tag application states

Reserve

9.21 D
A tag ¢
infrastrug

the defa
defined i

9.21.1

If the tag
shall ass

9.22 W

] and user-defined tag application state codes shall be the ones definedin Table 22.

efault state

hall enter the Default state either upon receiving a SwitchState(Default) command from th
ture or upon having detected the "Out of infrastructure area condition" defined 9.2.1.1. Upon enterin
LIt state, the tag shall select the default profile as specified in 9.7 and shall blink periodically g

Name

State code

Default state

Blink state

Wait state

Range state

Sleep state

0
1
2
3
4

Table 22 — Reserved and user-defined tag application states

Status State code
Reserved 5.8
User defined 9..15

N 9.2.5. For parameters inthe default state, see Table 42.

Out of infrastructure area condition

receives noCemmand or ACK packets from an RTLS transceiver for a duration of Tconact the tal
ume that it has left the infrastructure area.

Vait state

A tag sh

bll-enter the Wait state upon receiving a SwitchState(Wait) command or upon waking up from Sle€]

n Q O

state. Upon entering the Wait state the tag application shall check the latest Command packet received for
any pending commands. If pending commands are found, these are executed. If, after executing the last
command, no command has altered the state of the tag, the tag shall activate its receiver and listen for further
instruction(s).

A tag shall leave the Wait state upon receiving a state changing command or, if after WaitMaxDuration the tag

has not received any state changing command, the tag shall switch from Wait state to Blink state.

38
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A tag shall enter the Range state upon receiving a SwitchState(Range state) command. In this state, the tag
shall range X times with the RTLS transceivers specified to the tag by a previous SetRangingPeers command.

For details of the parameter X, see 9.3.1.6.3.

A tag shall leave the Range state upon any state changing command.

A tag shall switch from Range state to Wait state with WaitMaxDuration =Taitarerrange after the number of

ranging cycles X is complete

.2.4 Sleep state

tag shall enter the Sleep state for a duration of X ms upon receiving the corresponding‘comman
the Sleep state, the tag shall deactivate its receiver and transmitter.

. During

pon completion of the sleep duration, the tag shall enter the Wait state for WaitMaxDuration=Tithetaur- FOr

etails of the parameter X see 9.3.1.7.1.

.2.5 Blink state

tag shall enter the Blink state upon receiving a SwitchState(Blink).command or upon detecting & timeout

ndition in Wait state. In blink state, a tag shall periodically transmit‘a burst of packets (one blink) g
Nsu» identical Broadcast packets (sub blinks) as specified in Kigure 29. Each Mg«th blink shall g
nly one sub-blink followed by a receive window during which the receiver of the RTLS transceiver
ctivated for at least Tgr,on. During the receive window thetag listens for commands from any infrg
TLS transceiver. Any commands shall be executed immediately after the receive window has closeq
having received inconsistent commands from differént infrastructure RTLS transceivers the cd
all be prioritized as defined in 9.3.8.

tag shall leave the Blink state upon receiving a SwitchState command or upon detecting the
frastructure area condition” specified in 9.21.1.

9.2.5.1 Randomization of blink time interval

Tlhe time interval between the_start of subsequent blinks shall be randomized by a random offset Tr{
¢ added to the constant Ty .

onsisting
onsist of
shall be
structure
. In case
mmands

“Out of

nd» Which
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Figure 29 — Blink mode

For timing values see Table 41.

9.2.6 State transitions

The pospible transitions among the states defined above are summarized in Table 23. In most cases g
SwitchState command will be the trigger for a state change.

Besides fhe SwitchState command, the following eventsdnay trigger state transitions:

1. Detection of the "Out of infrastructure area” condition: Upon this event a tag shall switch to Defaylt
state.

2. \WVaitMaxDuration timeout: Upon this"event a tag shall switch to Blink state.
3. $leep duration over: Upon this event a tag shall switch to Wait state

4. Ranging cycles compléte! Upon this event a tag shall switch to Wait state.
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Table 23 — Application layer state transitions

Previous\new Default Blink Range Wait Sleep
Default 1 2 3 4 5
SwitchState(Default) | SwitchState(Blink) SwitchState(Range) SwitchState(Wait) SwitchState(Sleep)
Blink 6 8 9 10 11
SwitchState(Default) | SwitchState(Blink) SwitchState(Range) SwitchState(Wait) SwitchState(Sleep)
7
Out of infrastructure
area
Range 12 14 15 16 18
SwitchState(Default) | SwitchState(Blink) SwitchState(Range) SwitchState(Wait) SwitchState(Sleep)
13 17
Out of infrastructure Ranging cycles
area complete
Wait 19 20 22 23 24
SwitchState(Default) | SwitchState(Blink) SwitchState(Range) SwitchState(Wait) SwitchState(Sleep)
21
WaitMaxDuration
timeout
Sleep 25

After sleep duration

is over

9.3 Commands

Table 24 — Tag application commands

Command name

Command code

Gommands shall start with‘a command code field containing the command code as specified in Tablel 24.

Command codes reserved or user defined shall be the codes defined in Table 25.

SwitchState 01h
SetConfigVector 02h
GetConfigVector 82h

SetRangingPeers 03h
AddRangingPeers 04h
GetRangingPeers 83h

© ISO/IEC 2010 — All rights reserved
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Table 25 — Reserved and user-defined tag application command codes

Status Command code range
Reserved 0
Reserved 05...40h

User defined 41h...7Fh
Reserved 80h
Reserved 84h...C0Oh

User defined C1..FFh

9.3.1 SwitchState command

The SwifchState(New state) command shall be formatted as specified in Figure 30.

Command | Reserved | New state Parameters
code code
8 4 4 Format«depends on

New state code

Figure 30 — SwitchState command format

9.3.1.1 New state code field

The Statg code field shall switch to the new state code as specified in Table 21.

9.3.1.2 Parameters field

The Pargmeters field shall contain parameters for the new state as specified in Table 26.

Table 26 — Switch state parameters

New state Parameter

Default state -

Blink state

TBIinks MBIinkr TRxon

Wait state

TWaitMaxDuration

Range state

Type, report, repetition

9.3.1.3

The SwitchState command with Default as argument shall be formatted as specified in Figure 31.

42

Sleep state

Duration

SwitchState(Default)
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Command | Reserved | New state Parameters
code code
8 4 4

0 (no parameters needed)

Figure 31 — SwitchState(Default)

ISO/IEC 24730-5:2010(E)

—

he T_Blink subfield shall be-an“unsigned 24-bit integer. It shall contain the duration parameter Tg;i
pecified in Figure 29.

(7))

9.3.1.4.2 M_Blink'subfield

imensionless-parameter My« defined in 9.2.5.

9.3.1.4:3

T_Rxon subfield

_ ) . ll be an unsigned 8-t g
the receive window in ms, as described in Figure 29.

9.3.1.5 SwitchState(Wait)

9.3.1.4 SwitchState(Blink)
Tlhe SwitchState command with Blink as argument shall be formatted as specified in\Figure 32.
Command | Reserved | New state Parameters
code code
8 4 4
T _Blink M_BIlink Reserved T_Rxon
24 6 8
Figure 32 — SwitchState(Blink)
9.3.1.4.1  T_Blink subfield

nms, as

The M_BIink /subfield shall be an unsigned 6-bit integer starting with the LSB. It shall conptain the
d

juration of

The SwitchState to Wait state command with Wait as argument shall be formatted as specified in Figure 33.

© ISO/IEC 2010 — All rights reserved
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Command | Reserved | New state Parameters
code code
8 4 4
WaitMaxDuration
24

Figure 33 — SwitchState(Wait)

9.3.1.5.1 WaitMaxDuration subfield

)

The WaifMaxDuration subfield shall be an unsigned 24-bit integer starting with the LSB~The WaitMaxDuratio
subfield ghall contain the maximum time in ms for which the tag application layer\stays in Wait state aftg

=

having regceived the SwitchState to Wait state command. If no state changing command is received during this
time, the|tag application layer shall switch to default state.

9.3.1.6 | SwitchState(Range)

The SwifchState to Range state command with Range as argument shall be formatted as specified in

Figure 34.

Command | Reserved | New state Rarameters
code code
8 4 4
Reserved Report to Intermediate Max repetition
initiator Sleep duration number
2 2 12 16

Figure 34 — SwitchState(Range)

Upon receiving the SwitchState to Range state command, the RTLS transceiver shall start ranging with the
ranging peers as specified by a previous SetRangingPeers command.

9.3.1.6.1  Report to initiator subfield
The Report to initiator subfield shall be a 2-bit unsigned integer starting with the LSB.

The value of Oh shall define that no ranging report will be sent.
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The value 1h shall define that the RTLS transceiver sends a Ranging report to the reader that sent the last

SwitchState(Range) command after performing a ranging packet exchange with each ranging peer.
The value of 2h shall identify that the RTLS transceiver sent the Ranging report as broadcast.

The value of 3h shall be reserved.

9.3.1.6.2 Intermediate sleep duration subfield

—

he Intermediate sleep duration subfield shall define a time duration in ms for which the RTES rg
oes to sleep state after having performed a ranging packet exchange with each ranging peer and haying sent

its Ranging report (if requested).

«Q

9.3.1.6.3 Max repetition number subfield

—

he Max repetition number subfield shall be a 16 bit unsigned integer starting with'the LSB.

>

fter the having stayed in Sleep state the RTLS transceiver starts again forange with all ranging p€
process is performed as often as specified in the Max repetition number'subfield.

9.3.1.7 SwitchState(Sleep)

Tlhe SwitchState command with Sleep as argument shall be.formatted as specified in Figure 35.

Command | Reserved | New-state Parameters
code code
8 4 4

Sleep Duration

24

Figure 35 — SwitchState(Sleep)

9.3.1.7.1.vSleep Duration subfield

—

he-Sleep Duration subfield shall be an unsigned 24-bit integer starting with the LSB. The Sleep

ihfinald chall enacifi tha Ayiratinn 1 e far wyhinh ths DT Q tramannihvnar io tnotriantad th aotav in aolann o

2]

ate.

T oA SP Tyt OuTatroTT T o TOT Wi T Ty o tartoCTThve T To ot aCtoUto-otay 1T ST oo

9.3.2 SetConfigVector command

The SetConfigVector command shall be formatted as specified in Figure 36.
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Command Configuration vector
code
8 48

Figure 36 — SetConfigVector command format

The Configuration vector shall be defined by Table 27.

Table 27 — Configuration vector
Parameter Bit width Possible valued

Modulatipn 1 0= 2-ary orthogonal CSS

1= DQPSK CSS
Bandwidth/centre frequency combination 4 0..15, according to Table 2
Data ratg 1 0= 1 Mbit/s

1= 250 kbit/s
Default Tgjink 24 Unsigned integer from [0..2424-1]
Default Nlgjink 6 Unsignedinteger from [0..2/6-1]
CSMA/CA 1 0= CSMA/CA off

1=.CSMA/CA on
Carrier sense criteria: Energy detect 1 0= off

1=o0n
Energy detect threshold 2 Unsigned integer from [0..3]

Oh=-30dBm

1h=-50dBm

2h=-70dBm

3h=-90dBm
Carrier sense criteria: Physical carriersense 1 0= off

1=o0n
Carrier sense criteria: Virtualcarrier sense 1 0= off

1=o0n
3 way hgndshake 1 0= 3 way handshake off

1= 3 way handshake on
Reserved 1
TwiaitAfterRinge 4 Unsigned integer from [0..15]
Sub-chirp sequence for DQPSK-CSS 2 Unsigned integer from [0..3]

0= sub-chirp sequence |

1= sub-chirp sequence Il

2= sub-chirp sequence Il

3= sub-chirp sequence IV
Reserved 6
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After start of execution of a SetConfigVector command, the RTLS transceiver shall have updated the
configuration within 25 ms.

9.3.3 GetConfigVector command

The GetConfigVector command shall be formatted as specified in Figure 37.

Command
code

8

Figure 37 — GetConfigVector command format and GetRangingPeers command format

Upon receiving a GetConfigVector command, the RTLS transceiver shall respond with the corregponding
eport paCket within TTimeoutAppIication-

-

9.3.4 SetRangingPeers command

Tlhe SetRangingPeers command shall be formatted as specified in Figure 38.
Command | Reserved | Number [MAC address| Ranging packet |Application 1D MAC address of | Ranging packet | Application ID
code of peers of peer 1 exchange type of peert peer N exchange type f peer N
forpeer1 | %N | for peer N
8 4 4 48 2 14 48 2 14

Figure 38 — SetRangingPeers command format, AddRangingPeers command format

—

he SetRangingPeers shall be used by ‘the infrastructure to instruct a tag with which peers to gxchange
hnging packets upon subsequent “SwitchState to Range state commands”.

-

Upon reception of the SetRangingPéers command, a tag shall overwrite the internal list of ranging peérs.

9.3.5 AddRangingPeers-command

—

he AddRangingPeers ‘ceammand shall be formatted as specified in Figure 38.

—

he AddRangingPeers command shall be used by the infrastructure to instruct a tag to add peers to fhe list of
peers to exchange ranging packets upon subsequent “SwitchState to Range state commands”.

pon reception of the AddRangingPeers command, a tag shall add the peers to its internal list of|peers to
hnge With (ranging peer list). If the size of the ranging peer list, which a tag can support is exceeded, the first
ntry ‘of the list shall be removed and a new entry shall be appended. A tag shall support a list of[up to 15
hnging peers

= O 5 —

9.3.51 MAC address of peer X subfield

The MAC address of peer X subfield shall contain the 48-bit address of peer X.

9.3.5.2 Ranging packet exchange type for peer X
The "Ranging packet exchange type for peer X" subfield shall be a 2 bit unsigned integer starting with the LSB.

As specified in Table 28, its value plus one shall determine which of the four defined ranging packet
exchanges shall be used with this ranging peer.

© ISO/IEC 2010 — All rights reserved 47


https://standardsiso.com/api/?name=80f08e41c86bd81178d3ae1b522ae6b4

ISO/IEC

24730-5:2010(E)

Table 28 — Ranging packet exchange type subfield values

Value of Ranging packet exchange type Ranging packet exchange type
subfield

Oh
1h
2h

3h

| W [N |~

9.3.5.3

The App
the infras

NOTE

9.3.6 @

The GetRangingPeers command shall be formatted as specified in Figure 37

Upon regeiving a GetConfigVector command, the RTLS transceiver shall respond with the corresponding
cket within TTimeoutAppIication-

report pg

9.3.7 U

Any usertdefined command shall be formatted as specified’in Figure 39.

9.3.7.1

The Nun

9.3.8 G

In case
RTLS tra

ser defined command

nsceivers the following rules shall apply.

Application ID of peer X subfield

ication ID of the peer X subfield shall contain a 14-bit ID of the peer which has been determined by
tructure.

The purpose of the ID is to identify the ranging peer in the ranging report (see 9.4.6),

etRangingPeers command

Command Number of User defined
code octets
8 8 8 * Number of octets

Figure 39 — User defined command

Number of octéts subfield

ber_of octets subfield shall contain the remaining number of octets of the command.

ommand prioritization

1) Any commands that do not change the configuration vector or the state of the tag application (e.g.
SetRangingPeers, AddRangingPeers) shall be executed upon reception.

48
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2) Any commands that might change the configuration vector or the state of the tag application shall only be
executed from the RTLS transceiver which sent the command with the highest priority according to Table 29.
The commands shall be executed following the order in which the commands are given in the selected
application command packet.

Table 29 — Application command priorities

Command Priority

SetConfia Z
J

GetConfig

Get RangingPeers
SwitchState(Sleep)
SwitchState (Wait)
SwitchState (Range)
SwitchState (Blink or Default)

2 (N WwWwW ||l O®

) In the case that a tag, while it has activated its receiver, receives;,commands with identical priorities from
ifferent infrastructure RTLS transceivers, the tag shall consider anly the latest received command pakcket.

o

[{e]

.4 Tag application packet formats

—

he tag application layer shall support the four application packet types listed in Table 30.

Table 30 — Tag,application packet types

Application ranging | Application control
packet type code
Ranging 1h
Command 2h
Report 3h
Blink 4h

Reserved anduser-defined tag application packet type codes shall be those specified in Table 31.

Table 31 — Reserved and user defined tag application packet types

Status Application control
code
Reserved Oh
User defined 5h...7h

The type of a tag application packet shall be indicated by the application control code placed in the Cirl field of
the MAC frame.
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9.4.1 Application blink packet

The application blink packet shall be a Broadcast packet formatted as specified in Figure 40.

Reserved Type Blink info Src Length Ctrl CRCH1 - MA&};&;@& ----- CRC2
8...8*64
Period Count down Rx Window Capabilities 0|0 |1
24 8 8 8 1 1" A
Figure 40 — Blink packet
9411 Period subfield
The Peripd subfield shall contain the value of Ty« in ms, as an unsignethinteger starting with the LSB.
9.4.1.2 | Count down subfield
The Couynt down subfield shall contain the remaining number of blinks after which the tag will turn on its

receiver.|A value of zero shall indicate that immediately after this sub blink the RTLS transceiver will activate
its receivier for a duration of at least Tg,on. This subfield_shall be an unsigned integer, starting with the LSB.
9.4.1.3 | Rx Window subfield
The Rx indow subfield shall contain the width of the receive window in ms as an unsigned integer starting
with the LSB.
9.4.1.4 | Capabilities subfield
The Capabilities subfield shall econtain a bit field starting with bit 0, indicating the capabilities of the tag as
specified in Table 32.
Table 32 — Capabilities subfield
Bit number Capability Usage

0 DQPSK-CSS for communication 1 = capability available

O—=—capabitity motavaitabte
1 DQPSK-CSS for ranging 1 = capability available

0 = capability not available
2 Tgiink Overwritable 1 = capability available

0 = capability not available 0
3 Mzgiink Overwritable 1 = capability available

0 = capability not available 0
4,5,6,7 Reserved 0
50 © ISO/IEC 2010 — All rights reserved
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9.4.2 Application command packet

An application command packet shall be formatted as specified in Figure 41.

Reserved | Type Dst Src Length Ctrl | CRC1 MAC payload CRC2

01]1{0 Command 1 command N

11 1

Figure 41 — Command packet format

I{ shall be possible to place one or several commands in the MAC payload ef.a/Data packet. Comma
e executed by the tag application layer strictly in the order in which they are received.

O

—

he length of the MAC payload of an application command packet shall not exceed 128 octets.

— =

hus, it is the responsibility of the developer of the infrastructuré/to" choose commands or sequences of g
ppropriate for his purpose.

Q

9.4.3 Application report packet

Application report packets shall be transmitted.by tags in response to Get commands.

nds shall

OTE As mentioned in 9.1, it is anticipated that command packets are transmitted from infrastructure statiops to tags.
ommands

A report packet shall be formatted as specified in Figure 42.
Reserved | Type Dst Src Length Ctrl [ CRC1 MAC payload CRC2
1 (110
Report
1 1 1
Figure 42 — Report packet format
The tag application reports listed in Table 33 shall be supported.
Table 33 — Application report codes
Report name Report code
Ranging report 81h
GetConfigVector report 82h
GetRangingPeers report 83h
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Reserved and user-defined application report codes shall be those specified in Table 34

Table 34 — Reserved and user defined application report codes

Status Report code

Reserved 80h

Reserved 84h...FFh

Llcar dafinad
oot oTTmeT

[«n]

+
T

9.4.4 GetConfigVector report

The GetConfigVector report shall be formatted as specified in Figure 43.

Report Configuration vector
code
8 48

Figure 43 — GetConfigVector report

The Configuration vector shall be defined by Table 27.
9.4.5 GetRangingPeers report

The GetRangingPeers report shall be formatted as specified in Figure 44. The subfields MAC address ¢f

peer,Ranging packet exchange type for peer and Application ID of peer shall correspond with the subfields
defined ip 9.3.4.

Report Reserved | Number |MAC address| Ranging packet [ Application ID MAC address of | Ranging packet | Application IO
code of peers of peer 1 exchange type of peer 1 peer N exchange type of peer N
forpeert | | for peer N
8 4 4 48 2 14 48 2 14

Figure 44 — GetRangingPeers report format

9.4.6 Ranging report

The Ranping report’shall be formatted as specified in Figure 45. The subfields Ranging packet exchange typ
for peer and Application ID of peer shall correspond with the subfields defined in 9.3.4.

D

Report |Reserved| Number |Ranging packefl Application | Distance to RSSI of Ranging packe{ Application Distance to RSSI of
code of peers | exchange type ID peer 1 peer 1 exchange type ID peern peern
for peer 1 ofpeert | | {1 for peer n of peer n
8 4 4 2 14 16 8 2 14 16 8

Figure 45 — Ranging report format
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The Distance to peer subfield shall be a 16-bit signed integer starting with the LSB. Values equal or greater
than 0 shall contain an estimate of the distance to the peer in decimetres. This means that one integer unit
corresponds to 1E-1 meters. Any negative value shall indicate that no ranging result is available. Negative
values shall be available for user-defined error codes.

9.4.6.2 RSSI of peer subfield

aller than

Z
h

>

.4.7 Application ranging packet

n application ranging packet shall contain an RTLS code and a ranging packet code as specified in ]

The RSS| of peer subfield shall be an 8-bit Qignnrl ini‘ngnr ei‘nrﬁng with - the L SB_\/alues qulﬂ' orsm

ero shall be a measurement in dBm within +-6 dBm of the signal strength with which packets (©f
ave been received. Values larger than zero shall be user-defined.

Table 35 — Ranging packet codes

Application ranging RTLS control code Ranging-packet code
packet type
T1R1 1h 1h
T1R2 1h 2h
T1R3 1h 3h
T2R1 1h 4h
T2R2 Th 5h
T2R3 1h 6h
T3R1 1h 7h
T3R2 1h 8h
T4R1 1h 9h
T4R2 1h Ah

eserved and user-defined ranging packet codes shall be those specified in Table 36.

Table 36 — Reserved and user defined ranging packet codes

the peer

[able 35.

9.4.71

Status RTLS control code Ranging packet code
Reserved 1h Oh
User defined Th 80n...FFh

Application ranging packet fields

An application ranging packet may contain one or more of the following fields.

9.4.7.2 Ranging packet code field

The ranging packet code field shall be an unsigned 8-bit integer value as specified in Table 35, starting with
the LSB.

© ISO/IEC 2010 — All rights reserved
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9.4.7.3 Treply field

The Treply field shall be an unsigned 24-bit integer value starting with the LSB. It shall contain a time value in
units of 0.1 ns, meaning that one integer unit corresponds to 1E-10 seconds.

9.4.7.4 Tround field

The Tround field shall be an unsigned 24-bit integer value starting with the LSB. It shall contain a time value in
units of [0.1 ns].

9.4.7.41 Type 1, ranging 1 (T1R1)

The T1R}1 packet shall be formatted as specified in Figure 46.

Reserved | Type Dst Src Length Ctrl [ CRC1 MAC paylead CRC2
11010 Ranging User defined
packet code
1 1 1 "
8 [0...247"8

Figure 46 — Ranging packet T1R1

9.4.7.4.2 Type 1, ranging 2 (T1R2)

The T1RR packet shall be formatted as specified'in Figure 47.

Reserved | Type Dst Src Length Ctrl CRC1 MAC payload CRC2
11010 Ranging Treply User defined
packet code
17 1 1 N
8 24 [0...24]*8

Figure 47 — Ranging packet T1R2
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9.4.7.4.3 Type 1, ranging 3 (T1R3)

The T1R3 packet shall be formatted as specified in Figure 48.

ISO/IEC 24730-5:2010(E)

Reserved | Type Dst Src Length Ctrl | CRC1 MAC payload CRC2
11010 Ranging Tround User|defined
packet code
11 1
24 [0.].24]*8
Figure 48 — Ranging packet T1R3
94.7.44 Type 2, ranging 1 (T2R1)
Tlhe T2R1 packet shall be formatted as specified in Figure 49.
Reserved | Type Dst Src Length Ctrl | CRC1 MAC payload CRC2
110 (0 Ranging User [defined
packet code
1 1 1 "
8 [0.].247"8
Figure 49 — Ranging packet T2R1
94.7.4.5 Type 2,-ranging 2 (T2R2)
Tilhe T2R2 pacKet shall be formatted as specified in Figure 50.
Reserved | Type Dst Src Length Ctrl CRCH1 MAC payload CRC2
110(0 Ranging User defined
packet code
1 1 1
8 [0...24]*8
Figure 50 — Ranging packet T2R2
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9.4.7.4.6 Type 2, ranging 3 (T2R3)

The T2R3 packet shall be formatted as specified in Figure 51.

| Reserved | Type | Dst | Src | Length | ctl | crei _ MACpayload | CRC2
11010 Ranging Tround Treply User defined
11 1 packet code
8 24 24 [0...24]"8

Figure 51 — Ranging packet T2R3

9.4.7.4.7| Type 3, ranging 1 (T3R1)

The T3R|1 packet shall be formatted as specified in Figure 52.

Reserved | Type Dst Src Length Ctrl *{ CRCA1 MAC payload CRC2
1100 Ranging User defined
packet code
D11
8 [0...24]*8

Figure 52 — Ranging packet T3R1

9.4.7.4.8( Type 3, ranging.2’(T3R2)

The T3RR packet shall.be formatted as specified in Figure 53.

Reserved | Aypé Dst Src Length Ctrl [ CRC1 MAC payload CRC2
11010 Ranging Treply User defined
packet code
17 1 1 .
8 24 [0...24]*8

Figure 53 — Ranging packet T3R2
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9.4.7.4.9

Type 4, ranging 1 (T4R1)

The T4R1 packet shall be formatted as specified in Figure 54.

ISO/IEC 24730-5:2010(E)

9.5.1 Ranging packet exchange type 1

Reserved | Type Dst Src Length Ctrl [ CRC1 MAC payload CRC2
1 Ranging User defihed
1 packet code
8 [0...24]*8
Figure 54 — Ranging Packet T4R1
9.4.7.410 Type 4, ranging 2 (T4R2)
Tlhe T4R2 packet shall be formatted as specified in Figure 55.
Reserved | Type Dst Src Length Ctrl [ CRC1 MAC payload CRC2
1 Ranging Tround User dlefined
] packet code
8 24 [0..]24]*8
Figure 55 — Ranging packet T4R2
9.5 Ranging packet exchanges
Hour types ofranging packet exchanges between two RTLS transceivers shall be supported. The fpur types
differ in the number of packets exchanged and in which of the two RTLS transceivers have all information
required\io calculate the distance between the RTLS transceivers after completion of the ranging packet
gxchange.

Ranging packet exchange type 1 shall consist of the three steps specified in Table 37 and depicted in
Figure 56. After completion of this ranging packet exchange, RTLS transceiver A has all of he information
required to calculate the distance between the two RTLS transceivers.
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