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specialized system for worldwide standardization. National bodies that are members of ISO or IEC participa
the development of International Standards. Their preparation is entrusted to technical committees; any ISO
IEC member body interested in the subject dealt with may participate in this preparatory work. Anternati
governmental and non-governmental organizations liaising with ISO and IEC also participate in this.preparatiq

In the field of information technology, ISO and IEC have established a joint technical committee, NNSO/IEC JT|
Draft International Standards adopted by the joint technical committee are circulated to national’bodies for vo
Publication as an International Standard requires approval by at least 75 % of the nationalrhodies casting a v

The formal decisions or agreements of IEC and ISO on technical matters express,{as’nearly as possiblg
international consensus of opinion on the relevant subjects since each technical committee has represents
from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for jinternational use and are acce
by IEC and ISO member bodies in that sense. While all reasonable efforts are made to ensure that
technical content of IEC, ISO and ISO/IEC publications is accurate, IEC on SO cannot be held responsibl
the way in which they are used or for any misinterpretation by any end.user.

In order to promote international uniformity, IEC and 1SO member bodies undertake to apply IEC, ISO|
ISO/IEC publications transparently to the maximum extent possible in their national and regional publicati
Any divergence between any ISO/IEC publication and the\«corresponding national or regional publicg
should be clearly indicated in the latter.

ISO and IEC provide no marking procedure to indicatestheir approval and cannot be rendered responsiblg
any equipment declared to be in conformity with an JISONEC publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or ISO or its directors, employees, servants or agents including individual exg
and members of their technical committeestand IEC or ISO member bodies for any personal injury, proj
damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal f
and expenses arising out of the publication“of, use of, or reliance upon, this ISO/IEC publication or any other
ISO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publication
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subje
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
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list_of-all currently available parts of the ISO/IEC 14543 series, under the general
rmation technology — Home electronic system (HES) architecture, can be found on

itle
the

and ISO websites.

This second edition cancels and replaces the first edition published in 2012. This edition
constitutes a technical revision.

The text of this standard is based on the following documents:

CDV Report on voting
JTC1-SC25/2842/CDV JTC1-SC25/2864/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

Various electrically controlled sensors and switches are used in homes and similar
environments for many different applications. Examples of such applications are lighting,
heating, energy management, blinds control, different forms of security control and
entertainment (audio and video).

In most cases the device, e.g. a switch initiating an action, and the device, e.g. a lamp, are
installed at different places. The distance can be bridged by wires, infrared or radio
transmission. Presently equipment at both ends of a wireless transmission link needs to be
powered by line or battery.

Whijle wireless transmissions are especially attractive to retrofit homes, power maintenance of
batfery-driven devices is a burden. In addition, these batteries require scarce maternials. Sihce
the|command and control messages sent by control and sensor devices in homes are \ery
shart, they can be powered using new techniques for energy harvesting, provided they u:je a
wirgless protocol that operates on relatively low power. Energy available in\the environmenft of
a device is captured and stored (harvested) to power operation of the'device. Exampleg of
engrgy sources are mechanical actuation, solar radiation, temperature.differences, etc. If fhis
is e¢xecuted, at least one device in the link neither needs a battery nor a wire. Engrgy
harjesting devices need very limited power and use an energy efficient radio protocol to send
datp to other conventionally powered devices in the home. In"order to ensure interoperabjlity
of quch devices from different sources within a home, an Intesnational Standard for a protgcol
is nequired that uses the little power that energy harvesting devices can provide and at [the
same time spans distances to be bridged within a home enAvironment.

SeVeral such devices used within a home ofterl come from different sources. They Jare
required to interwork with each other using ,ascommon internal network (in this document
called a home network) and supporting a home-automation system. When a home automation
sysem meets ISO/IEC HES Standards, it.is"called a home electronic system (HES).

Altgrnative transmission technologies are specified by ISO/IEC 14543 (all paits).
ISQ/IEC 14543-3-10 and ISO/IEC 14543-3-11 are optimized for energy harvesting based| on
similar techniques, but with *different modulation schemes. ISO/IEC 14543-3-10 g&nd
ISQ/IEC 14543-3-11  specify---two lower layer wireless short-packet protocpls:
ISQ/IEC 14543-3-10 uses an*amplitude modulated (AM) signal and ISO/IEC 14543-3-1{1 a
frequency modulated (FM) signal.

Amplitude modulated wireless communications are more energy efficient but less adapted to
mobile devices., This is because the impedance of a mobile antenna is affected by |the
enVironment ofsthe mobile device, for example, when the device is held in the hand or moyed
to mnetal surface. Changes in impedance affect the amplitude linearity of the radio frequepcy
output amplifier, but have no impact on the frequency itself. Thus an AM wireless system is
mofe sénsitive to changes in environment than an FM wireless system. Also frequengies
abqve(800 MHz are better suited for mobile devices, since they require smaller antenras.
ThLO thc flcqucnuy 315 InV‘I::L ;0 IIUt uocd ;II thc rlnvl: apcu;f;uat;uu, vvh;uh |||a|r\co thc FM

wireless system more efficient for mobile devices.

Compared to the AM wireless system, the FM wireless system provides more flexibility in the
size of various pieces of information that can be transmitted. This includes the possibility to
have larger payloads, different lengths of the identifiers of originators and destinations, and
greater variability of structures and lengths of the telegram types. The number of steps a
telegram can be repeated is two for the AM wireless system and 15 for the FM wireless
system.
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They are both efficient enough to

e support energy harvesting products for sensors and switches that require neither cabling
nor batteries, and

o extend the life of battery-operated devices.

Both an AM and an FM system can be active at the same time, since each system is so

constructed that only permitted messages are accepted. Collisions can be avoided by listen-
before-talk (LBT) technology or overcome by redundant transmissions.
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INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) ARCHITECTURE -

Part 3-10: Amplitude modulated wireless short-packet (AMWSP)
protocol optimized for energy harvesting —
Architecture and lower layer protocols
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The

Scope

5 part of ISO/IEC 14543 specifies a wireless protocol for low-powered devices such
rgy harvesting devices in a home environment. This wireless protocol js* specific
igned to keep the energy consumption of such sensors and switches extremely low.

design is characterized by

keeping the communications very short, infrequent and mostly,unidirectional, and

using communication frequencies that provide a good rapge“even at low transmit po
and avoid collisions from disturbers.

5 allows the use of small and low-cost energy harvesting devices that can compete
ilar battery-powered devices. The messages sént by energy harvesting devices

bived and processed mainly by line-powered~degvices such as relay switch actuat
caters or gateways. Together these form part 6f a home automation system, which, w
forming to ISO/IEC 14543 (all parts), is defined as a home electronic system.

5 document specifies OSI Layers 1 to*3 of the amplitude modulated wireless short-pad
IWSP) protocols.

specified in this document.. These are the transmitter, the receiver and optionally
pater. Repeaters are needed when the transmitter and the receiver are located in sugc
that no good direct communication between them can be established.

tection against malicious attacks is handled in the upper layers and thus not treated in
ument.

Normative references

following documents, in whole or in part, are normatively referenced in this document

are

as
ally

wer

vith
are
DI'S,
hen

ket

AMWSP protocol system cansists of two and optionally three types of components t{hat

the
h a

his

and

indispensable for its application. For dated references, only the edition cited applies

or

undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

ETSI EN 300 220-1 V3.1.1, Short Range Devices (SRD) operating in the frequency range
25 MHz to 1 000 MHz; Part 1: Technical characteristics and methods of measurement

3

3.1

For

Terms, definitions and abbreviated terms

Terms and definitions

the purposes of this document the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.11

amplitude shift keying envelope
ASK envelope

envelope of the modulated signal

3.1|2

bit [duration

time between transitions of the mesial amplitude of an ASK envelope in an-:alterna
sequence

ng

Notg 1 to entry Figure 2 shows this in detail.

3.113
bit [duration error
deVliation of bit duration from specified bit duration

3.1{4
byt
ordered set of eight binary digits, operated on as an entity

Not¢ 1 to entry: The non-qualified term "byte" designates an{8-bit byte.

[SQURCE: IEC 60050-702:2016, 702-05-09]

3.1{5

collision
staje which exists when two wireless\transmitters use the same wireless channel and trangmit
datp at the same time

3.116

cygdlic redundancy check
CRLC
intdgrity hash algorithin"based on a polynomial division

3.1|7
DA[TA
application'payload data transmitted in the telegram

3.1(8
energyharvestingdevice
device able to capture and store (harvest) energy from the environment to power its
operations

Note 1 to entry Examples of energy sources are mechanical actuation, solar radiation, temperature differences,
etc.

3.1.9
frame
set of data to be transmitted as a complete unit on the physical layer

Note 1 to entry A frame contains the necessary protocol control and synchronization data for transmission
between network nodes.
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3.1.10
HASH

field in which the hash value for the data integrity control of each transmitted telegram and

subtelegram is specified
3.1.11

high nibble

upper four bits of the byte

Note 1 to entry The N value from the byte OxNM.

3.1(12
high state amplitude
amplitude corresponding to the physical high state level

3.1{13
high state level
level of the ASK envelope that represents the high state amplitude

Notg 1 to entry The definition aligns with IEEE 194-1977, 5.2.2.5, static levels. Figure 2 gives an illustration.

3.1{14

identity of the destination device

DEBTID

unigue identity of the destination device of an AMWSR telegram consisting of four bytes

3.1{15

identity of the transmitting device

TXID

unigue identity of the AMWSP protocol trafismitting device consisting of four bytes

3.1{16
inverse bits
IN
bit added by the encoding-procedure into a subframe behind the third and the sixth bi
reduce the DC content of the data

3.1{17
listen before talk
LB

technique of echecking the occupancy of the wireless channel before transmitting any frame

3.1{18
low nibble
lower\four bits of the byte

| to

[

Note 1 to entry The M value from the byte OxNM.

3.1.19
low state amplitude
amplitude corresponding to the physical low state level

3.1.20
low state level
level of the ASK envelope that represents the low state amplitude

Note 1 to entry The definition aligns with IEEE 194-1977, 5.2.2.5, static levels. Figure 2 gives an illustration.
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3.1.21
mesial power level
median between high state level and low state level of an ASK envelope

Note 1 to entry Figure 2 gives an illustration.

3.1.22

negative overshoot
difference between minimum peak level and low state level of an ASK envelope after a
transition from a high state to a low state has occurred

Not¢ 1 to entry Figure 2 gives an illustration.

3.1{23

negative undershoot

difference between maximum peak level and low state level of an ASK envelope afte
transition from a high state to a low state has occurred

Not¢ 1 to entry Figure 2 gives an illustration.

3.1{24

nibple

fouf-bit aggregation or half a byte

3.1{25

positive overshoot
brence between maximum peak level and high/ state level of ASK envelope aftef a

diff
tran

Notd

3.1

sition from a low state to a high state has ocgurred

1 to entry Figure 2 gives an illustration.

26

positive undershoot

diff
fron

Notd

3.1

brence between minimum peak level and high state level of ASK envelope after a transi
h a low state to a high state has’occurred

1 to entry Figure 2 gives an jllustration.

27

receiving device maturity time

RX
ma
ang

3.1

maturity time
imum time, determined at the receiving device, between the end of the first subteleg
the end of:the last subtelegram belonging to the same telegram

28

repeated telegram
telwmmm—

3.1.29

rep

eater

device that receives telegrams and sends refreshed signals to any AMWSP receiver

3.1.30
subframe
subtelegram byte expanded by protocol control and synchronization information

3.1.31

subtelegram
smallest interpreted data unit containing the fields telegram type (RORG), payload (DATA),
transmitter identity (TXID), STATUS and HASH

ion

am
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3.1.32

switch telegram

telegram with fields telegram type (RORG), payload (DATA), transmitter identity (TXID) and
HASH

Note 1 to entry The switch telegram structure differs from the telegram in that the fields of RORG and HASH are
only four bits long and that it does not contain a STATUS field.

3.1.33
synchronization bits
SYNC
bit inserted by an encoding procedure at the end of each subframe (except for the_|ast
subjframe) to provide clock resynchronization

Notg¢ 1 to entry Synchronization bits also reduce the DC content of transmitted data and can be used to enpure
datd reliability and integrity.

3.1{34
telggram
datp unit composed of one or more identical subtelegrams

Note 1 to entry A telegram has the same structure and contains the same inforfmation as a subtelegram.

3.1{35
telegram type

RORG

field that identifies the type of a telegram in the AMW-SP protocol

Notg 1 to entry This type of telegram is denoted CHOICE ia\ISO/IEC 8825-2.

Notg 2 to entry There are several types of telegram;however, with the exception of the switch telegram, they| are
not flefined in this document.

3.1{36
timje slot
unit of 1 ms of RX maturity time ef . TX maturity time

3.137

transmitting device lead time
time between activation. of transmitting device and the start of the transmission of secpnd
prepmble bit

3.1/38

trapsmitting.device maturity time
TX |maturity-time

makimum,time for the transmission of one complete telegram as determined at the send
deVice

ng

3.1.39

transmitting device overtravel time

time a signal is still emitted from the transmitter after the last '0' bit of end of frame (EOF) has
been transmitted
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3.2 Abbreviated terms

ASK amplitude shift keying
CRC cyclic redundancy check
DC direct current

DESTID destination device identity
EIRP effective isotropic radiated power
ERP effective radiated power
EOF end-of frame

INV inverse bits

LBT listen before talk

MSB most significant bit

PRE preamble

RX receiver

RORG telegram type

SOF start of frame

SYNC synchronization bits

TX transmitter

AM

4

The
the
ang
the

To

freq
freq
exp
are
and

5

TXIlI/Dv transmitting device identity
SP

amplitude modulated wireless short-packet

Conformance

three components of the AMWSP(rotocol system that are specified in this document
transmitter, the receiver and the‘repeaters. The repeaters shall be able both to trans
to receive telegrams and thus:shall support both the requirements for the transmitters

receivers.

conform to this doecument, the components shall support one of the two wirel
uencies specifiedwlUnless another frequency is mandated by local regulations. For
uency chosen,.the transmitter shall support all the transmitter requirements that are
licitly listed as\oOptional, and the receiver shall support all the receiver requirements

8.

Architecture

are
mit
and

eSS
the
not
hat

not explicitly\listed as optional. These requirements are specified in 5.2 and Clauses 6, 7

5.1

Generic protocol description

5.1.1 Overview

Subclause 5.1.1 provides a comprehensive overview of the amplitude modulated wireless
short-packet (AMWSP) protocol stack (see Table 1). The AMWSP is a lightweight layered
protocol designed to minimize both energy demand and the probability of a transmission
collision. The AMWSP protocol stack accommodates the structure of the OSI reference model
(see ISO/IEC 7498-1).
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Table 1 — AMWSP protocol stack structure (OSI)

Amplitude modulated wireless short-packet protocol (AMWSP) stack

Standard Layer Services Data units
Application
Not defined | Presentation
in this
document Session
Transport
Destination addressed telegrams
(encapsulation/decapsulation)
Network Switch telegram conversion TELEGRAM
(RORG and STATUS processing)
Repeating (STATUS processing)
ISQ/IEC Subtelegram structure
14943-3-10

Hash algorithms
Data link layer SUBTELEGRAM
Subtelegram timing

Listen before talk
Encoding/decoding (INV and SYNC)

Physical BITS / FRAME
Wireless receiving/transmitting

5.1|12 Physical layer

At the physical layer the data are transmitted.on either the 315 MHz or the 868,3 MHz
frequency band with 125 kbit/s data rate using“amplitude shift keying (ASK). The functignal
dis{ance of the system is up to 300 m linesef-sight including the Fresnel zone and up to 30 m
in Buildings. This may be subject to national regulations. One bit duration is 8 us. The data
are| transmitted in frames. A frame~-consists of the preamble (PRE), the start-of-frgme
sequence (SOF), the subframes (with~inverse (INV) and synchronization (SYNC) bits) as yell
as the end-of-frame sequence (EQF). For further details see Clause 6.

5.1|3 Data link layer

A subtelegram is the part of a frame from which the preamble (PRE), start of frame (SQF),
inveérse bits (INV), synchronization bits (SYNC) and end of frame (EOF) have been remo\ed.
Thg subtelegramis—transferred to the data link layer where the data integrity of [the
subtelegram is chécked. If the data integrity check fails, the subtelegram is discarded.|An
additional task:'of the data link layer is to manage the subtelegram timing of [the
received/transmitted subtelegram. The subtelegram timing is based on an algorithm {hat
endures_sthat the probability of subtelegram collisions in transit is as low as possiple.
To feduce the collision risk the AMWSP protocol uses, if possible, a listen before talk (LBT)
techhigte. This algorithm (see 7.4) ensures that no transmission is initiated while the wireless
channel is occupied.

5.1.4 Network layer

Three tasks are performed at the network layer: a conversion process, a repeating process
and potentially a targeting process. The first of these performs a conversion between switch
and normal telegrams (see 8.2). The repeating process is used when the wireless signals are
too weak to reach the receiver directly and involves intermediate devices, i.e. repeaters that
have been installed between the sender and the final recipient of the wireless signal (see 8.3).
Another process at this layer involves a telegram that contains target addresses. Most
telegrams are broadcast, and thus contain no destination identity (DESTID). However, if a
telegram is addressed, it is in an encapsulated format (see 8.4).
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5.1.5 Transport layer

This layer is not described in this document.

5.1.6 Session layer

This layer is not described in this document.

51.7 Presentation layer

Thi

5.1
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5.2

The
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S Iaynr is not described in this document

8 Application layer

5 layer is not described in this document.

Data unit description

communication protocol is packet based and the data units canxbe of three diffe
S

frame;
subtelegram;

telegram.

synchronization information for the receiver. ‘A frame is transmitted as a bit by bit sg
uence. A subtelegram is the result of a decoding process, in which these control (P
F, INV and EOF) and synchronization (SYNC) data are removed from the frame.
brse mechanism to extract a frame fromca“subtelegram is the encoding process.

telegrams are processed at the data link layer. The AMWSP protocol is designed to w
5tly as a unidirectional protocol without handshaking. To ensure transmission reliability
hree identical subtelegrams are-transmitted within a specified time range. Each transmit
telegram is an atomic unit-and contains all the data that the composed telegram conta

data structure of a subtelegram is shown in Figure 1, where each byte is represented
Nt bits.

1 1) x 4 1 1 byte

RORG J DATA TXID STATUS HASH

Figure 1 — Structure of a subtelegram

ent

ame is the representation of the encoded datalon the physical layer. It includes conftrol

rial
RE,

The

ork

up
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The universal fields are:

RORG — identifies the subtelegram type. With the exception of switch subtelegrams
(8.2) and encapsulated subtelegrams (8.4), these types are not defined in
this document;

DATA — the payload of the transmitted subtelegram;

TXID — identifies the transmitter, each transmitter has a unique four-byte identity;

STATUS - identifies if the subtelegram is transmitted from a repeater and the type of
integrity control mechanism used. This field is not present in a switch
telegram;

HASH — data integrity check value of all the bytes, see 7.3.
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The length of the subtelegram is not transmitted in the subtelegram structure. The length is
determined by counting the number of bytes starting with RORG and ending with HASH.

6 Layer 1 — Physical layer

6.1 Overview

The physical parameters that shall be supported by the AMWSP protocol are described in
Clause 6. Subclause 6.2 defines and illustrates the physical parameters for which
specificati i . | . n 4 ify the
es that shall be supported by the two wireless frequencies specified in this documeént.
Thegy also provide the link budget for these protocols.

The structure and encoding of the wireless protocol frames are found in 6.5.

6.2 General description

Subclause 6.2 describes the physical parameters for the two wireless)frequencies 315 MHz
and 868,3 MHz of the AMWSP protocol, which shall be supported.-by ‘the AMWSP signalling
system. This includes all electrical parameters and associated tolerances for the transmitter
and the receiver.

e |The TX centre frequency is the frequency the transmitter should emit. The centre of |the
actual TX frequency may deviate from this value ohly by the maximum TX frequepcy
tolerance.

NOTE 1 TX centre frequencies have been chosen below,1 GHz so as to achieve good penetration in buildings
together with low power consumption.

e |The maximum TX duty cycle defines the maximum time a transmitter may transmit reldted
to the total time. The reason for this.parameter is that there are duty cycle regulatipns
applicable for the selected frequencies. For example, the AMWSP protocol at 315 MHz
can choose to either send 10 ms.ip>a single transmission or transmit 10 times 1 ms dufing
a 100 ms time frame, both within.the maximum of 10 ms per 100 ms time range.

e |TX modulation type, logical ‘0>“and logical ‘1’. The AMWSP protocol uses amplitude ghift
keying (ASK) as modulation type. This means that the amplitude of the TX signal is
modified to transmit the information. The information is inverted on the physical layer.[So
when a logical ‘1’ is-transmitted, the TX amplitude is low. The amplitude is high when
transmitting a logical ‘0’. ASK has been selected in order to reduce power consumpfion
when transmitting a'logical ‘1°.

Figure 2 shows“an ASK envelope with one transition from a logical ‘1’ to ‘0’ and back to
‘1. The ASK envelope is the amplitude of the wireless signal over a given time. Figure 2
also illustrates various physical parameters. These are needed for the understanding of
how thesAMWSP protocol is defined.
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Positive
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Static high amplitude

3
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Sl N /R High state amplitude
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Bit duration £ A
B oo o Mesial state amplitude
S (50 %)
(2]
5
Negative T Static low amplitude
undershoot
e CheRanE T LR e e . Low state amplitude
f Low state amplitude (0 %)
0 - &
1 Negative overshoot — Time IE
Figure 2 — lllustration of an ASK envelope and various physical parameters

e |The TX high state to low state amplitude ratio defines how much the TX signal is redufted
when transmitting a logical ‘“1’. This ratio shall)not be too low as most receivers need a
minimum TX high state to low state amplitudé.ratio. But it shall also not be too high as fhis
imposes problems for some automatic gdinocontrol mechanisms. The high state levdl is
defined by the static high level. The static high level can be determined by switching [the
transmitter to high state level and waiting for all oscillations to cease. The low state Igvel
is defined by the static low level. The static low level can be determined by switching |the
transmitter to low state level and waiting for all oscillations to cease.

e |The maximum TX positive quéershoot to high state amplitude ratio defines how mpch
higher the amplitude of thexwireless signal is permitted to be with respect to the static High
amplitude (see Figure 2).

e [The maximum TX negative overshoot to low state amplitude ratio defines how much lower
the amplitude of ¢he wireless signal is permitted to be with respect to the static Jow
amplitude (see Figure 2).

e |The maximum.TX positive undershoot to high state amplitude ratio defines how mch
lower thecamplitude of the wireless signal is permitted to be with respect to the static High
amplitude)(see Figure 2).

e [The/maximum TX negative undershoot to low state amplitude ratio defines how mpch
higher the amplitude of the wireless signal is permitted to be with respect to the static jow

amplitude—{seeFigure—=2}

=)

e The TX bit rate is the rate at which bits are transmitted.

NOTE 2 A relatively high data rate has been chosen in order to get short bursts. This helps to reduce energy
consumption in the transmitter.

e The mesial amplitude is defined as the average of the high state and low state amplitudes
(high state amplitude plus low state amplitude divided by two).

e The TX bit duration is defined as the time between two transitions of the mesial amplitude
from a logical ‘1’ to a logical ‘O’ and back to a logical ‘1’ (see Figure 2).

e The maximum TX bit rate tolerance is the maximum tolerable deviation from the TX bit
rate under which the transmitter is permitted to operate.

e The maximum TX bit duration error is the maximum tolerable deviation from the TX bit
duration that the transmitter is permitted to use.
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The TX lead time is defined as the time a signal starts to be emitted from the transmitter
until the first bit of the preamble starts.

The TX overtravel time is defined as the time a signal is still being emitted from the
transmitter after the last bit of the EOF has been transmitted.

The TX EIRP (effective isotropic radiated power) is the radiated power of an antenna
related to an ideal isotropic antenna. An ideal isotropic antenna has a gain of 0 dBi. The
TX EIRP can be calculated from the TX power and the antenna gain.

The antenna gain describes how well an antenna converts input power into radio waves
headed in a specified direction.

6.3

Sul
req
Tal
rep

The link margin is the difference between the receiver sensitivity and the received power
for extra losses due to fade or other external factors.

The link budget is the accounting of all the gains and losses from the transmittery thropigh
the medium (free space, cable, waveguide, fibre, etc.) to the receiver in a
telecommunication system. In this document, it excludes the link margin.

The RX blocking performance defines how resistant the receiver is{to/other signalg. It
depends on the power level ratio between the other signal and‘that of the AMWSP
protocol and its deviation from the TX centre frequency.

The RX centre frequency is the frequency the receiver is intended to receive at.

Maximum RX frequency tolerance. The RX frequency may,only deviate from the centre
frequency by the maximum RX frequency tolerance. Thelreceiver bandwidth shall be Iarge
enough to take account of the TX frequency deviation.

NOTE 3 The typical receiver for such a system will have a bandwidth lower than 500 kHz.

The deviation tolerance of any RX high state afnplitudes from the first high state amplitude
(second bit of preamble) is mentioned because energy harvesting transmitters do not have
a permanent power supply. Variation in power supply may lead to changes in the oufput
power of the transmitter. The receiver.thus shall be able to tolerate such changes tp a
certain degree.

The RX sensitivity is defined as theé,high state amplitude at the receiver input at which [the
bit error rate exceeds 1073 due te hoise. Lower values mean better performance, mearjing
the transmitter and receiver can’be further separated from each other.

The maximum RX power-Jevel is defined as the high state amplitude at the receiver input
at which the bit error fate exceeds 1073 due to signal distortion coming from too strong
signals. Higher values mean better performance, meaning that the transmitter and rece|ver
can be closer to eaeh other.

Requirements for the 315 MHz AMWSP protocol

clause 6.3 provides the requirements for the 315 MHz AMWSP protocol. Table 2 listg all
uired parameter values that shall be supported for both a transmitter and a repeater.
le 3rlists all required parameter values that shall be supported for both a receiver and a
cater” These parameters are described in 6.2. In addition, values for the link budget and

the

ranae of the svystem are also shown
~J J
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Table 2 — Transmitter requirements for the 315 MHz AMWSP protocol

Parameter Value or applicable standard
TX centre frequency Jo =315 MHz
Maximum TX frequency tolerance +82,634 kHz

Maximum TX duty cycle

10 ms per 100 ms (10 %) 2

TX modulation type

ASK

logical ‘0’ High state amplitude
logrcatt* tow Stateamptitode—>
TX high state to low state amplitude ratio 20 dB to 36 dB
Mgximum TX positive overshoot to high state amplitude 1dB

ratjo

Mgximum TX negative overshoot to low state amplitude 4 dB

ratjo

Mgximum TX positive undershoot to high state amplitude | 0,5 dB

ratjo

Mgximum TX negative undershoot to low state amplitude | 2 dB

ratjo

TX bit rate 125 kbit/s

TX| bit duration 8 s

Mgximum TX bit rate tolerance 5 %

Mgximum TX bit duration error +05us

TX lead time O'us to 56 us °©

TX overtravel time Ousto40ps 9

TY EIRP -9 dBm to -3 dBm ¢

Due to national regulations.

Note that bits are inverted on the wireless.interface.
Defined excluding leading ‘1’ of preamble.

Defined excluding trailing ‘11’ of-EOF.

Due to national regulations/
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Table 3 — Receiver requirements for the 315 MHz AMWSP protocol

Parameter Value or applicable standard
RX blocking performance ETS! EN 300 220-1 V3.1.1, 5.18.3 for class 2
receivers
RX centre frequency S =315 MHz
Maximum RX frequency tolerance +17,336 kHz

The deviation tolerance of any RX high state amplitudes | -1,5 dB to 3 dB

from the first high state amplitude

Mipimum RX positive overshoot to high state amplitude 3 dB

ratjo tolerance

Mipimum RX negative overshoot to low state amplitude 16 dB

ratjo tolerance

Mipimum RX positive undershoot to high state amplitude | 1,5 dB

ratjo tolerance

Mipimum RX negative undershoot to low state amplitude | 6 dB

ratjo tolerance

Mipimal RX bit rate tolerance 6,25 %

Mipimal RX bit duration error tolerance +3 us

RN high state amplitude to low state amplitude ratio better than 16 dB)to 50 dB

tolerance

RN sensitivity better than—95 dBm

Mgximum RX power level better¢han -32 dBm
The link budget values for the 315 MHz AMWSP protocol are shown in Table 4. This is [the
mirfimum link budget a system supporting the 315 MHz AMWSP protocol shall support. The

link
to b

budget is used to estimate the range of the system. As the penetration of buildings te
e good at 315 MHz, a relatively small’link margin has been used.

Table 4 — Minimum required link budget for the 315 MHz AMWSP protocol

Description Value
TXEIRP -9 dBm
RX antenna gain -10 dBi
RX sensitivity -95 dBm
Link margin 4 dB
Link budget 72 dB

Ta

hds

len5 gives the values of the maximum RX power that under perfect conditions need to

be

supported by the 315 MHz AMWSP protocol. The maximum TX to RX antenna coupling is a
value that can be reached by placing a transmitter close to a receiver (antennas have a
distance of a few centimetres). Receivers shall be able to receive such strong signals.

If a receiving device (receiver or a repeater) is saturated, the distance between the sending
device (sender or repeater) and receiving device should be increased. In most cases, there
should be no problem if the distance is more than a metre.
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Table 5 — Maximum RX power for the 315 MHz AMWSP protocol

Description

Value

TX EIRP

-3 dBm

Maximum TX to RX antenna coupling | -31 dB

RX antenna gain

+2 dBi

RX power

-32 dBm

6.4
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Requirements for the 868,3 MHz AMWSP protocol

clause 6.4 provides the requirements for the 868,3 MHz AMWSP protocol. Table\6.listg
uired parameter values that shall be supported for both a transmitter andca.repeater.
le 7 lists all required parameter values that shall be supported for both a receiver an
cater. These parameters are all described in 6.2. In addition, values concerning the
get and the range of the system are also shown.

Table 6 — Transmitter requirements for the 868,3 MHz AMWSP protocol

all

d a
ink

Parameter

Value or(applicable standard

TX centre frequency f, = 868,3 MHz
Mgximum TX frequency tolerance +82,634 kHz
Mgximum TX duty cycle 1 % (86 s-per hour) 2
TX modulation type ASK

lodical ‘0’ High state amplitude °
logical ‘1’ Low state amplitude ®
TX high state to low state amplitude ratio 20 dB to 36 dB
Mgximum TX positive overshoot to high state amplitude 1dB

ratjo

Mgximum TX negative overshoot to low, state amplitude 4 dB

ratjo

Mgximum TX positive undershoot\te high state amplitude | 0,5 dB

ratjo

Mgximum TX negative undershoot to low state amplitude | 2 dB

ratjo

TX bit rate 125 kbit/s

TX| bit duration 8 s

Mgximum TX bit rate tolerance 5 %

Mgximum jTX bit duration error +0,5 us

TXlead time 0 ys to 56 us ©

TX overtravel time Ousto40ps 9

TX EIRP -8 dBm to +13 dBm ©

a

b

C

Due to national regulations.

Note that bits are inverted on the wireless interface.
Defined excluding leading ‘1’ of preamble.

Defined excluding trailing ‘11’ of EOF.

Due to national regulations.
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Table 7 — Receiver requirements for the 868,3 MHz AMWSP protocol

Parameter

Value or applicable standard

RX blocking performance

ETSI EN 300 220-1 V3.1.1, 5.18.3 for class 2
receivers

RX centre frequency S, = 868,3 MHz

RX frequency tolerance +17,336 kHz
Deviation tolerance of any RX high state amplitudes -1,5dB to 3 dB
from the first high state amplitude

Mifitmum RX positive overshoof to high state amplitude 3 dB

ratjo tolerance

Mipimum RX negative overshoot to low state amplitude 16 dB

ratjo tolerance

Mipimum RX positive undershoot to high state amplitude | 1,5 dB

ratjo tolerance

Mipimum RX negative undershoot to low state amplitude | 6 dB

ratjo tolerance

Mipimal RX bit rate tolerance 6,25 %

Mipimal RX bit duration error tolerance +3 us

RX high state amplitude to low state amplitude ratio better than 16 dBjto 50 dB
tolerance

RN sensitivity better thann—95 dBm
Mgximum RX power level betterd¢han -25 dBm

The
min
link
to 1

link budget values for the 868,3 MHz AMW-SP protocol are shown in Table 8. This is
imum link budget a system supporting.the’ 868,3 MHz AMWSP protocol shall support. ]
budget is used to estimate the range ‘of the system. As the penetration of buildings te
e good at 868,3 MHz, a relatively small link margin has been used.

Table 8 — Minimum required link budget for the 868,3 MHz AMWSP protocol

Description Value
TX EIRP -4 dBm
RX.antenna gain -6 dBi
RX sensitivity -95 dBm
Link margin 4 dB
Link budget 81 dB

Ta

1e\9 gives the values of the maximum RX power that under perfect conditions needs ta

the
[he
nds

be

supported by the 868,3 MHz AMWSP protocol. The maximum TX to RX antenna coupling is a
value that can be reached by placing a transmitter close to a receiver (antennas have a
distance of a few centimetres). Receivers shall be able to receive such strong signals.

If a receiving device (receiver or a repeater) is saturated, the distance between the sending
device (sender or a repeater) and receiving device should be increased. In most cases, there
should be no problem if the distance is more than a metre.
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6.5 Frame structure

Su

phyfsical layer. Details for various aspects of the data encoding in the frame are described.

Th

with the inverse bits (INV) and the synchronization bits (SYNC) inserted, and-finally the en

Table 9 — Maximum RX power for the 868,3 MHz AMWSP protocol

Description Value
TX EIRP +13 dBm
Maximum TX to RX antenna coupling -40 dB
RX antenna gain +2 dBi
RX power —25 dBm

bhclause 6.5 specifies the structure of a frame, i.e. the telegram as transmitted)in

¢ complete frame consists of the preamble (PRE), the start of frame (SQF),-the subfran

the

nes
i of

frame (EOF). For the AMWSP protocol at 868,3 MHz, Figure 3 shows,the subtelegram Hoth
befpre the encoding and after it has been encoded with the INV and SYNC bits inserted info a
frame.
Byte[1] Byte[2] Byte[3]...Byte[8]
I RORG [c e IDTX‘IJD.b : d.Hé\TT?I
(s[e[a[=[=[RI=[=[BRRIRISIET=IIBIRIST 1 | [NFEIE[3
[ RORG T DATA [EEXID —HASH
" [T Te T« To T« o]+ [o o[+ [=[8]8]  [®[e[R[ [2[[o] |S[ZTI[NIIS[E]  [8[8c [+ [BIRIE] | . [B1[&[§[*[e]1]"]
PRE SOF INV INV SYNC NV INV SYNC INV EOF
EC
Figure 3 — Complete frame structure for the 868,3 MHz AMWSP protocol
Every frame starts with the PRE. Fok the wireless frequency of 315 MHz the length is 16 pits

(Table 10) and for 868,3 MHz it is@ight bits (Table 11).

Th

clo¢k with the bit stream. of'the received frame. The SOF sequence is specified in Table]

an

Th

significant bit (MSB) first.

NO
scr.

shofftef frames and thus less energy consumption.

¢ PRE is followed by the SOF. The SOF enables the receiver to synchronize the samp

d Table 11, respectively.

¢ SOF is followed by one or more subframes. The subframes are transmitted with the m

TE The-average value of the bytes depends on the content as the data is transmitted directly witho

ing
10

ost

Ut a
s to

1mb|er orrManchester encoding. This is done to reduce protocol overhead. Reduced protocol overhead lead

As it is possible to transmit all bits ‘0’ or all bits ‘1’, there would be problems with threshold
generation or sampling clock resynchronization in some receivers. To avoid these problems
inverse bits are inserted into the transmitted data. These bits are inverse to the third bit and
sixth bit of one byte and are inserted behind the corresponding bit. Figure 4 shows the
position of the inserted inverse bits. Telegrams containing incorrect inverse bits shall be
discarded.

Apply the following rule to the inverse bits: 11=NOT(D5) and 12=NOT(D2), where |1 stands for
the value of the first inverse bit and D5 stands for the value of the third bit of a byte.
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In addition to the inverse bits, two synchronization bits (SYNC) are inserted at the end of each
subframe, except the last one. The complete structure of a subframe with inserted SYNC is
shown in detail in Figure 4. The SYNC sequences for 315 MHz and 863,3 MHz are specified
in Table 10 and Table 11, respectively. The SYNC is used for clock resynchronization.
Telegrams containing incorrect SYNC shall be discarded.

O w} O 1
~ (o)) (&)}

N I I 2 = o

INV

INV SYNC
IEC

The
are

bee
last

For
Tal

For
Tal

EOF determines the end of the frame. The EOF sequences for 315 MHz and'868,3 N
specified in Table 10 and Table 11, respectively. Since the TX power is low for the bits
a receiver cannot distinguish if a sender sends the frame with the full EOE.‘1011’ or if it
n turned off after sending only the bits ‘10’. The sender may thus suppress sending

Figure 4 — Encoded subframe

two bits of the frame.

the 315 MHz AMWSP protocol, the structure and definitions 6f’the frame are shown i

le 10.

Table 10 — Frame definition for the 315 MHz-AMWSP protocol

Fields

Value

Preamble (PRE)

bit sequence<1010101010101010°

Start of frame (SOF)

bit sequenece“1001’

DATA

MSB ig’transmitted first

Inverse bits (INV)

bit with inverse value to every third and sixth bit is
appended behind the corresponding bit

Synchronization bits (SYNC)

bit sequence ‘01’

End of frame (EOF)

bit sequence ‘1011’

(Hz
11 !,
has
the

the 868,3 MHz AMWSP protocol, the structure and definition of the frame are shown in

le 11.

Table 11 — Frame definition for the 868,3 MHz AMWSP protocol

Fields

Value

Preamble (PRE)

bit sequence ‘10101010’

Start of frame (SOF)

bit sequence ‘1001’

DATA

MSB is transmitted first

Inverse bits (INV)

bit with inverse value to every third and sixth bit is
appended behind the corresponding bit

Synchronization bits (SYNC)

bit sequence ‘01’

End of frame (EOF)

bit sequence ‘1011’
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7

7.1

Layer 2 — Data link layer

Overview

At the data link layer, the transmitted data are one or more subtelegrams. The structure of
these is described in 5.2. Clause 7 describes three aspects of the subtelegrams.
Subclause 7.2 specifies the timing of the subtelegram transmission. The data integrity
mechanisms used are specified in 7.3 and finally, in 7.4, the optional listen before talk (LBT)
mechanism is described.

7.2

The
sub
det
tim
The

Ad
sta
exg

Repeaters have a different subtelegram timing range from tHeyoriginal transmitter.

For
firs
incl
be

The
tran

To
ead

with 39.

[ Subtelegram timing

subtelegram timing aims to avoid telegram collisions from different transmitters."E
telegram is transmitted in a different time range. The limits of the subtelegram-timing
brmined by the TX and RX maturity times. The maturity time specifies thenNength of
e range within which the transmission of all subtelegrams shall be completed’and receiy
values of the TX and RX maturity times are specified in Table 12.

omplete telegram consists of a maximum of three subtelegrams. The transmission of
t of the first subtelegram and the end of the last subtelegram by, the transmitter shall
eed the TX maturity time.

the receiver, all subtelegrams received from the same transmitter between the end of
subtelegram until the RX maturity time shall Be)considered part of the same telegr
uding when repeaters are involved. Subtelegrams received after the RX maturity time s
considered to be part of another telegram.

LBT technique (see 7.4) enables {6 ~avoid collision by controlling the subteleg
smission timing, but it cannot completely guarantee the avoidance of a collision.

Table 12 - Maturity time parameters

Parameter Value

Maximum TX maturity time 40 ms

RX maturity time 100 ms

schedule the,subtelegram transmission, the TX maturity time is divided into four grou
h with 10-{ime slots of 1 ms. The enumeration of the time slots starts with 0 and e
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Figure 5 — TX maturity time divided into four 10 ms time ranges
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These four time ranges (see Figure 5) shall be used to send a maximum of three
subtelegrams. The scheduling determines which subtelegram number may be sent in which
range. To avoid collisions when using repeaters, the subtelegram timing of original and
repeated telegrams differs depending only on the status of the repeated subtelegram and not
on the configured level of the repeater. Table 13 defines the time range in which each
subtelegram may be transmitted. The specific time range is determined by the numbered time
slots.

Table 13 — Allocation of time slots to the different subtelegrams

Btatus of telegram First subtelegram Second subtelegram Third subtelegram
Or|ginal 0 1t09 20 to 39
Leyel 1 repeated 10 to 19 20 to 29
Leyel 2 repeated 0to9 20 to 29

All pubtelegrams shall be transmitted within these time ranges. A second-or third subtelegfam
trapsmission may only start if the previous subtelegram transmission has been comple{ed.
Thegre is no specified minimum pause between subtelegrams. The transmitter and repeater
may use any time slot within each time range.

Thg transmission start of the first subtelegram of an ,original transmitter starts the t|me
counting for the transmitter. The completion of the first received subtelegram (which, dug¢ to
disfurbances, is not always the first one from the {ransmitter) starts the counting in [the
recgiver or the repeater.

If the wireless channel is occupied by the~fransmission of other transmitters, the UBT
fungtionality (see 7.4) can delay the transmission until the end of the TX maturity tim¢ is
reached.

7.3| Data integrity
7.3{1 General

In grder to check that a subtelegram has arrived intact, a hash of the telegram is calculated by
the|transmitting device, i.e"a transmitter or a repeater, before transmission and attached to
the|subtelegram (field.HASH). The attached hash value is not protected and thus only serjes
to detect transmission failures and not protection against malicious intent. The verificatiop is
dorle by the device_receiving the telegram, i.e. a receiver or a repeater. Three algorithms [are
sugported by thetAMWSP protocol. Two are summation based — one of which is four bits Ipng
and only used-in switch telegrams, and the other is eight bits long — and the third uses| an
eight-bit leng cyclic redundancy check (CRC) algorithm. All receivers and repeaters [are
reguired to support all three hash functions.

If theverification of the mtactness of the Teceived subtefegram faits, the subtetegram is
ignored.

A switch telegram is identified by the telegram type field RORG (see 8.2). For other
telegrams, the STATUS byte indicates which hash function is used. This is summarized in
Table 14.
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Table 14 - Identification of the hash function used in the telegram

Hash function Width Used by telegram types
4 bit checksum 4 bit used only by switch telegrams which is identified by
RORG, no STATUS byte present

8 bit checksum 8 bit any type of telegram when STATUS bit 27 = 0

8 bit CRC 8 bit any type of telegram when STATUS bit 27 = 1
7.3[2 4 bit summation hash function algorithm
Subclause 7.3.2 describes the 4-bit summation type hash algorithm. The result)of |the
calg¢ulation has the length of four bits.

The
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len

The

Anr

7.3

The
pro

algorithm is as follows.

The nibble at the end of the telegram is set to 0x00.

The sum of the value of each byte starting with RORG in the subtelegram is calculg
ignoring overflow, i.e. all bits in the sum beyond the byte are ignored. The last byte in
summation is formed by adding the placeholder nibble to the efid of the subtelegram.

The sum of the high and the low nibbles of the sum in the /step above is formed, i.e.
first and last four bits of the sum above are added together. The resulting 4-bit value is
hash value.

ex A provides an example of a C code implementation of this hash function algorithm.

3 8 bit summation hash function algarithm

clause 7.3.3 describes the 8-bit checksum algorithm. The result of the calculation has
gth of eight bits.

algorithm is as follows.

The sum of the value ofc€ach byte in the subtelegram except the hash value fielg
evaluated ignoring overflow, i.e. all bits beyond the byte are ignored. This one byte (e
bits) sum value is the-hash of the 8-bit algorithm.

ex A provides an example of a C code implementation of this hash function algorithm.

4 8 bit.cyclic redundancy check (CRC) hash function algorithm

third ‘hash function supported by the AMWSP protocol is based on the CRC algori
viding,a hash value of length one byte.

ted
the

the
the

the

is
ght

Theéatgortthm Starts—with—the first byte of the Subtetegram (RORG) and catcutates—

the

remainder of the division (modulo 2) by the generator polynomial x® + x2 + x + 1 of the product
x8 multiplied by the first byte of the subtelegram.

NOTE The CRC algorithm uses the same generator polynomial (x® + x2 + x + 1) as the ATM Header Error Control
(HEC) described in Rec. ITU-T 1.432.1.

The result of this calculation is XORed with the next byte in the subtelegram and again the
remainder of the division is calculated as above.

This procedure is repeated until the last byte of the subtelegram excluding HASH is reached.
The remainder of the final division is used as hash value.
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Annex A provides an example of an efficient C code implementation of this hash function
algorithm.

7.4

Listen before talk

Listen before talk (LBT) is a technique used in wireless communications whereby a wireless
transmitter or repeater first senses its wireless environment before starting a transmission.
The aim is to avoid collisions with other senders. It is an optional feature of the transmitting
device.
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oing transmission. If this is the case, the transmission is suspended for the delay.g
Hom time range. After this delay, the transmitter check is repeated. If no ongoing teleg
smission is detected, the subtelegram is transmitted. In case the calculated randem de

br transmissions.

should be implemented and used before each subtelegram transmission, but it is
uired. Some transmitting devices cannot support this feature psuch as some eng
vesting devices.

Layer 3 — Network layer

Overview

ee aspects of the AMWSP protocol are described in Clause 8. Subclause 8.2 descri
fch telegrams, which are used by a special type of energy harvesting dev
clause 8.3 describes the functionality of¢repeaters, which are inserted in an AMW
focol system when a direct transmission>between a transmitter and receivers cannot
e with sufficient quality. Subclause 8w4.deals with the cases when the AMWSP protoc
smit telegrams targeted to specific receivers.

Switch telegram

switch telegram is a particularly small telegram. It is named a “switch telegram” beca
as first used in energy(harvesting devices that were energized by turning a switch. Th
ices generate a small-amount of power only when used and cannot receive messages.

ormal telegram~has four fields besides the payload DATA, namely an 8-bit long teleg
b field (ROR®G),a 32-bit long transmitter identity TXID, an 8-bit long status field (STAT
an 8-bit long' summation hash value, whereas a switch telegram has a 4-bit long teleg
e field (RORG), a 32-bit long transmitter identity field (TXID), no status field and a 4
matienshash value. A switch telegram is thus shorter than a normal telegram
sumes less energy when sent.
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The characteristics of a switch telegram are the following.

RORG is four bits long and identified as such by having the value 5 or 6.
DATA is always one byte long.

TXID is four bytes long, same as in a normal telegram.

STATUS byte is not present.

HASH is four bits long instead of eight bits.

As soon as a switch telegram is received by either the receiver or a repeater, it is detected
to be a switch telegram and converted to a normal telegram structure as specified in
Table 15 and illustrated in Figure 6. The conversion is as follows: The 4-bit telegram type
field (RORG) 0x05/0x06 is converted to an 8-bit telegram type field (RORG) with the value

OxF6.
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— The DATA and TX fields remain unchanged (they are shifted by four bits).

— A STATUS field of length one byte is added directly after the transmitter identity field TXID
with a value encoded as shown below.

— An 8-bit summation type hash value replaces the 4-bit hash value of the switch telegram
and is evaluated for the converted telegram using the 8-bit summation type hash value
algorithm.

Table 15 — Conversion of the telegram type and STATUS fields
from a switch telegram to a telegram

Switch telegram Converted 8-bit Status field
. RORG
4-bit RORG STATUS
5 0xF6 0x20
6 0xF6 0x30

Figure 6 illustrates the conversion.

0,5 1 4 05 byt
|RoRG|  DATA TXID | HASH |
a) A"
1 1 4 1 1 byfe
Vv
RORG DATA b | sTATUS HASH
b)

RORG a) 5o0r6

RORG b) 0xF6
lec

Figure 6 — Conversion of a switch telegram to a normal telegram

8.3| Repeater
8.3|1 General

Repeaters are necessary when the distance between sender and receiver is too largq to
establish an adequate wireless connection. For longer distances it is possible to placg a
makimum of-iwo repeaters in a row. The function of the repeater is to receive the telegfam
from the _sender or another repeater and send it again, so that the receiver of the message
can get’it>But before it is resent the repeater modifies the STATUS byte of the telegram.| To

limit .the amount of repeated telegrams in an environment with more repeaters, two repeater
IevLe—aﬁe-pee'«ed—ee—uﬁdﬁ-e-%ed—belew—W teds trreh -

— Level 1 repeaters repeat only received original subtelegrams.

11

— Level 2 repeaters repeat only received original or once repeated subtelegrams.

If a level 2 repeater receives an original and also a once repeated subtelegram originating
from the same transmitter, it shall repeat only once with three subtelegrams.

8.3.2 Time response for collision avoidance

When there are repeaters in a system, it is particularly important to avoid collisions. When a
subtelegram is sent from a transmitter, it is thus necessary that the repeater does not repeat a
subtelegram received at the same time as another subtelegram from the original sender or a
second repeater is transmitted.
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Therefore a special subtelegram timing for repeaters is defined, which depends on the
received subtelegram repeater level. This is described in detail in 7.2.

8.3.3 Bits of a repeater level in the STATUS byte

The STATUS field is used for a repeater to differentiate between subtelegrams from a
transmitting device and those from a repeater. Bits 20 to 23 in the STATUS field byte of each
subtelegram show the number of repeater hops of the telegram. Table 16 shows the possible
combinations.

Fable—+6—STATHS " tevetbi

Repeater level bits Description
23 22 21 20
‘0’ ‘0’ ‘0’ ‘0’ Original sender
‘0’ ‘0’ ‘0’ 1’ Subtelegram was repeated once
‘0’ ‘0’ 1’ ‘0’ Subtelegram was repeated twice
1’ 1’ 1’ 1’ Telegram shall not be repeated

Taljle 17 shows how the repeater bits shall be modified in the-repeated subtelegram and |the
expgected action from the repeater.

Table 17 — Repeating bits in‘STATUS byte

Repeater Received subtelegram status Repeater action
‘0000’ = original subtelegram received Subtelegram status set to ‘0001’;
subtelegram is repeated
Lelel 1 ‘0001’ = once repeated subtelegram received Subtelegram is not repeated
‘0010’ = twice repeated subtelegram received Subtelegram is not repeated
‘1111’ = subtelegram shall hot be repeated Subtelegram is not repeated
‘0000’ = original subtelegram received Subtelegram status set to ‘0001’;
subtelegram is repeated
‘0001’ = once repeated subtelegram received Subtelegram status set to ‘0010’;
Lepel 2 subtelegram is repeated
‘0010’ = twice repeated subtelegram received Subtelegram is not repeated
‘1114, = subtelegram shall not be repeated Subtelegram is not repeated

To preventtelegrams from being repeated, a transmitter may output ‘1111’ in the lower niljble
of $TATUS.

If a repeater receives subtelegrams of a telegram from a transmitter or a repeater, the
STATUS byte of the three repeated subtelegrams and the decision, whether the subtelegram
is to be repeated, depends on the first received subtelegram according to Table 17.

8.4 Addressing
8.4.1 General

Addressing of telegrams is an essential feature for bidirectional communication by including a
specific destination address to which the telegram is directed instead of broadcasting, as in a
normal telegram. It is designed to enable future incorporation of additional features.
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