ETS| EN 301 391 V1.1.1 (2000-01)

European Standard (Telecommunications series)

Electromagnetic compatibility

and Radio spectrum Matters (ERM);

Data communications using short range devices;
Access protocol, occupation rules and corresponding
technical characteristics for the transmission of data

ETSI




2 ETSI EN 301 391 V1.1.1 (2000-01)

Reference
DEN/ERM-RP02-034

Keywords
access, data, mobile, protocol, radio

ETSI

Postal address
F-06921 Sophia Antipolis Cedex - FRANCE

Office address

650 Route des Lucioles - Sophia Antipolis
Valbonne - FRANCE
Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16
Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Internet

secretariat@etsi.fr
Individual copies of this ETSI deliverable
can be downloaded from
http://www.etsi.org
If you find errors in the present document, send your
comment to: editor@etsi.fr

Important notice

ThisETSI deliverable may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network
drive within ETS| Secretariat.

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in al media.

© European Telecommunications Standards I nstitute 2000.
All rights reserved.

ETSI



3 ETSI EN 301 391 V1.1.1 (2000-01)

Contents

INtellectual Property RIGNES.... ..ottt et r e et e st e e e s resaeenbesteeneesbesanennenneens 5
011> Yo o [ TSSO 5
Lo 1 Tox o) o IS 5
1 o0 0 PR 6
2 L L= £ 000 RS 6
3 Definitions, symbols and abbreviations.............ccciiieiiiie i e e 7
31 [ 7= 0T oSS 7
3.2 Y100 S 7
3.3 F N o o= 1o = R USR 8
4 (€7 0T - S 8
4.1 Applications USING thiS PrOtOCO ..........ccieiieiiciciecees e e et e e teenteesaessaesreesreesreesaeeseenneans 8
4.2 Conformity to the PreSent QOCUMENT..........cuiiieiiesee et et e e e e et e s eesaeesaeesseeseenseeneenseessennsenn 8
421 (D= == (o) g e o] 10 0 011 Y 8
422 MeasurementS t0 DE PEITOIMEM.........ccuv it e bt eteeteenaesnaesns 9
4.2.3 Interpretation Of the MEASUrEMENT FESUITS .........cvi ettt e te e te e e nns 9
5 Technical characteristics of the EQUIPMENT.........cc.oii e e 9
6 Description of the aCCESS PrOtOCO .........cceeiiieeii et sae et s reeeesreens 9
6.1 (O 7= 100 B oo S\ o 1= 1o ST 9
6.2 T o o] = 10
6.3 (000 [ = P 10
6.4 L@ T 1= =01 o TSR 10
6.5 (@01 V7= Lo 0 1 (] = PSS 11
6.6 TSz o Ty oo L1 Yo U= Y 11
6.7 D01 = TSR 11
6.8 N 1111 oo (1 o S SS 11
7 Methods of measurement and [IMILS........cooioiiiiiie et sreere s 12
7.1 (@1 7= T 0c I oo S\ o 1= 1o SR 12
7.1.1 1= T 011 o o USSR 12
7.1.2 MethOd Of MEBSUIEIMENL.........ccuieieeie ettt e st ettt e et e e et e te e e e te e tesseesseesaeesseenseenseensesnenssansraessens 12
7.1.2.1 A single transmitter accessing the ChanNEl ...........cooe i e 12
7.1.2.2 More than one transmitter accessing the ChannEl ..o 13
7.13 T 0 TSRS 13
7.2 LR o e L= e = 13
721 1= T 011 o o USSR 13
7.2.2 MethOd Of MEBSUIEIMENL.........ccuieieeie e e s et e e sttt e e e e et et e e e e e tesseesseesaeesseenseenseessesnanssenssnessns 13
7.2.3 T 0 PSPPSR 13
7.3 N 111 oo (1 o USSR 13
731 D 1= T 011 o o USSR 13
7.3.2 MethOd Of MEBSUMEIMENL.........ccuieieeie e s e e st et e sttt e e e e re e te e te e teestesseesseesaeesseenseenseeneesneessansrnnssnns 14
7.3.3 T 0 SRS 14
74 Carrier SENSEINIESNOIA .......c.ee e et et e e e e e esteentesneesneesaeesne e seenseans 14
74.1 7= T 011 o o USSR 14
7.4.2 MethOd Of MEBSUMEIMENL.........ccuieieeieeee e sttt ee st et e et et e s este e be e te e tesseesseesaeesseeseenseensesnaessensrnessens 14
743 T 0 PSSP 15
7.5 (O aT= g a1 o L= S 15
75.1 1= T 011 o o USSR 15
75.2 MethOd Of MEBSUMEIMENL.........ccuieieeeeee et e st ettt e et e et e re e te e te e te e tesseesseesaeesseenseanseassesneessanssnnssnns 16
753 T 0 SRS 16
7.6 (@01 V7= Lo 0 1 1] 0= SR 16
7.6.1 [ 1= T 011 o o USSR 16

ETSI



4 ETSI EN 301 391 V1.1.1 (2000-01)

7.6.2 L dgToTo o) a0 Tc S = 00 = o R 16
7.6.3 T2 1 OSSR TRRPPR 17
7.7 Channel accessing Carrier ataCK TIME.........ouiiieee et bbb 17
7.7.1 (D= 11 o1 (1o o VOSSR PSR 17
7.7.2 L dgeTo o) a0 Tc S = 00 o 18
7.7.3 T2 1 OSSR URRP PR 18
8 Examples of channel 8CCESS tIMING.........uiiiiriireieei et 19
9 M EASUIEMENT UNCEITAINTY ...ttt b bbbt e e es e bt b b ne e s e 20
Annex A (normative): Radiated MeasUr MENT..........coi et 21
A.1 Test sitesand general arrangements for measurements involving the use of radiated fields................ 21
All ANECNOIC CRAMDIEY ... b ettt e b e sh e e bt et e e e b e sb e e b e ebeene e e enne e 21
A.1l2 Anechoic chamber with aconductive ground Plane ............cveevreerecie e e 22
A.l13 L@ 7NN 1 OSSPSR 23
A.l4 = 1= 0] 07 TS T RO PRTOUPTPR PR 24
A.1l5 SUDSETULION BINEENNAL ...ttt ettt e bbb bt ae e he e e e e e e e sb e ke seeeb e e aeene e e e abenbesbesbeeneennennens 25
A.16 V== ST T o I = 7 25
A.2 Guidance on the use Of radialion tESE SITES.........uieiirerieieee e enes 25
A2l Verification Of the TESE SITE........oiiiiie e bttt e e bbbt sae e e 25
A.2.2 L (= = oI 1 = = 25
A.2.3 Power SUPPHIESTO TN EUT ...ttt et s s st e et e e ne e s reesbe e te e beeeeeneenneennns 25
A.24 Volume control setting for anal0guUE SPEECN LESES........ccviiiiceeece et 26
A.25 L0 T = oo |1 o T 26
A.2.6 S L= 0 0= 1 o SR 26
N B O 0o 110 o) = Lo 7= KT 27
A31 L= 0T o SRS 27
A.3.2 [z = B0 27
A.3.3 Speech and aNAlOQUE SIGNEIS ........ciiieieerie et et ee e e steerte et e saeesae e teesteestesssesseesneesneesneesseenseensenns 27
A33.1 ACOUSLIC COUPIEN JESCIIPLION. ...ccuvi et ceeste ettt e ee e e e s te e e et e eseesse e teentesnsesneesseesneesseenseensenns 28
A.33.2 (07 1] o = 1 Lo o H USSP STUTPRTURURURPRRN 28
=] ol aT "o oYU 29
L 1Y/ SRR 30

ETSI



5 ETSI EN 301 391 V1.1.1 (2000-01)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found
in SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in respect
of ETS standards’, which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web server
(http://www.etsi.org/ipr).

Pursuant to the ETSI IPR Policy, no investigation, including | PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in SR 000 314 (or the updates on the ETSI Web server)
which are, or may be, or may become, essential to the present document.

Foreword

This European Standard (Telecommunications series) has been produced by ETSI Technical Committee
Electromagnetic compatibility and Radio spectrum Matters (ERM).

Annex A is normative and provides additional information concerning measurements.

National transposition dates

Date of adoption of this EN: 31 December 1999
Date of latest announcement of this EN (doa): 31 March 2000
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 30 September 2000
Date of withdrawal of any conflicting National Standard (dow): 30 September 2000

Introduction

The present document specifies an access protocol intended to be used in equipment employing short range (radio)
devicesfor the cordless transfer of small data packets.

It isintended that the implementation of this protocol is sufficiently simple to suit the low costs necessary for some
products.

The present document relies on al equipment on a shared channel using this protocol.

The protocol allows efficient channel sharing in high data traffic situations, and has been devised to provide an equitable
share between all users of the channel. The present document only applies to applications that require infrequent bursts
of small data packets for the purpose of control and limited data transfer i.e. not continuous unbroken data transmission.

This protocol relies on there being alimited radiated power and therefore alimited range, thus restricting the overlap of
local users (cell size) to alevel where the protocol can cope by time sharing between them.

Data collision is minimized in this protocol by using carrier sense multiple access (CSMA) which requires that the radio
channel is silent before starting any transmission.

Arbitration between competing usersis achieved by using a pseudo random length delay period before transmitting. A
mechanism for prioritizing messages, based on message length, is also provided as part of the arbitration process.

ETSI
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1 Scope

The present document covers a radio channel access protocol and provides all the parameters that are essential for
itsuse.

The present document has been designed to be used with Short Range Devices sharing a common, single frequency,
radio channel and transmitting small (short duration) data packets. Standards EN 300 220-1 [1], EN 300 330 [2] and
I-ETS 300 440 [3] provide technical characteristics for short range device equipment. These products will be co-existing
on the same radio spectrum.

The present document specifies the access protocol and the occupation rules for data communications on a radio channel
shared by different users. The present document does not specify or impose any restriction on the bit rate, data format or
modulation scheme.

This access protocol is not intended for applications requiring continuous (unbroken) data transmission.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsegquent revisions do not apply.
» For anon-specific reference, the latest version applies.

* A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same
number.

[1] EN 300 220-1 (V1.2): "Electromagnetic compatibility and Radio spectrum Matters (ERM); Short
range devices, Technical characteristics and test methods for radio equipment to be used in the
25 MHz to 1 000 MHz frequency range with power levels ranging up to 500 mw;
Part 1: Parameters intended for regulatory purposes’.

[2] EN 300 330: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Short Range
Devices (SRD); Technical characteristics and test methods for radio equipment in the frequency
range 9 kHz to 25 MHz and inductive loop systemsin the frequency range 9 kHz to 30 MHZz".

[3] [-ETS 300 440: "Radio Equipment and Systems (RES); Short Range Devices (SRDs); Technical
characteristics and test methods for radio equipment to be used in the 1 GHz to 25 GHz frequency
range".

[4] ETS 300 113: "Radio Equipment and Systems (RES); Land mobile service; Technical
characteristics and test conditions for radio equipment intended for the transmission of data (and
speech) and having an antenna connector".

[5] ETR 273-2: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement of
radiated methods of measurement (using test sites) and evaluation of the corresponding
measurement uncertainties; Part 2: Anechoic chamber”.

(6] ETR 273-3: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement of
radiated methods of measurement (using test sites) and eval uation of the corresponding
measurement uncertainties; Part 3: Anechoic chamber with a ground plane”.

[7] ETR 273-4: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement of
radiated methods of measurement (using test sites) and evaluation of the corresponding
measurement uncertainties; Part 4. Open areatest site”.
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[8] CEPT/ERC Recommendation 70-03: "Relating to the use of Short Range Devices (SRD)".
Including Appendices and Annexes.

[9] IEC Publication 60489-3: "M ethods of measurement for radio equipment used in the mobile
services. Part 3: Receiversfor A3E or F3E emissions”.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

attack time: time taken between establishing that the channel can be accessed to the actual instant of access. The
detailed definition is given in subclause 7.7

observation time: definition is given in subclause 6.5
bit: binary digit

data packet: smallest quantity of data sent over the radio channel in one access period. A number of useful bits are
always sent together with corresponding redundancy bitsin any given packet. An acknowledge reply, if used, isaso
included in the packet

message: user data to be transferred in one or more packetsin a session

message length: time taken to transmit a message; the sum of the carrier on time of all the data packets used and the
carrier off (silence) times of all the data packets used

reply: transmission by a device in answer to the "initiating transmitter”. This reply can be an acknowledge ("ACK") or a
negative acknowledge ("NACK") and/or alonger packet of useful / requested information

reply carrier delay: time period between end of atransmission and start of an acknowledge/ reply
silence: condition of no detected carrier energy in the radio channel in question

transmission (physical): one packet transmitted between carrier on and final carrier off of a particular transmitter

3.2 Symbols

For the purposes of the present document, the following symbols apply:

dB decibel

dBm dB relativeto 1 mwW
dBuv dB relativeto 1 pv
TX transmitter (radio)

ETSI
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3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ACK ACKnowledge

ASK Amplitude Shift Keying

CSMA Carrier Sense Multiple Access

EUT Equipment Under Test

fe carrier frequency (band centre)

FSK Frequency Shift Keying

NACK Negative ACKnowledge

OATS Open Area Test Site

Pc Steady state transmit power

Prean Mean level of transmit power

Post carrier off power level

P ace minimum receiver sensitivity needed to check that a channel isfree
P check received carrier power level, generated by a checking transmitter
PSK Phase Shift Keying

QAM Quadrature Amplitude Modulation

RF Radio Frequency

te reply carrier delay time

te fixed part of observation time

to observation time

ty priority part of observation time

t, pseudo random part of observation time

4 General

4.1 Applications using this protocol

This access protocol appliesto awide variety of applications operating at various data rates in both domestic and
industrial fields. To accommodate this situation, four priority levels are included which correspond to different data
packet lengths. This, for example, improves the chance of access for a simple control function (requiring a fast response
time) in favour of afunction transferring alarge amount of data (less critical of response time).

The protocol may be used with the following types of communication:
- point-to-point (source to destination);
- point-to-multi-point (source to group);

- multi-point-to-point (polling).

4.2 Conformity to the present document

Conformity to the requirements of the present document is based upon both declarations and measurements.

4.2.1 Declaration of conformity
Those parameters covered by manufacturers declaration are given in clause 6 of the present document.

A signed declaration shall be provided as confirmation that the equipment meets the requirements of this access
protocol. This declaration may be submitted by the manufacturer, or his representative, together with the application
form for tests.

In the case where the controlling software for the equipment (or modul es thereof) has not been designed by the
manufacturer of the radio equipment, the responsible party for engineering such software shall aso provide asigned
declaration of conformity.

ETSI
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4.2.2 Measurements to be performed

These measurements shall be performed for al parts of the equipment included in the system, designed to use this
protocol. Clause 7 of the present document gives the methods of measurements and limits for these parameters.

The manufacturer shall provide any necessary test points and/or test fixtures, dedicated test equipment (if needed) and/or
test modes for the purpose of testing and making measurements.

The following measurements and tests shall be performed, in an accredited test laboratory:
- channel access duration;
- reply carrier delay;
- anti blocking;
- carrier sense threshold;
- carrier sense delay;
- observation time;

- channel accessing carrier attack time.

4.2.3 Interpretation of the measurement results

The interpretation of the measurement results recorded in atest report for the measurements described in the present
document shall be as follows:

a) the measured value related to the corresponding limit shall be used to decide whether the equipment under test
meets the requirements of the present document or not;

b) the actual measurement uncertainty of the test laboratory carrying out the measurement, for each particular
measurement, shall be included in the test report;

¢) thevalues of the actual measurement uncertainty shall be, for each measurement, equal to or lower than the
figures given in clause 9, absolute measurement uncertainties.

5 Technical characteristics of the equipment

This protocol isintended to be used by short range devices fulfilling the requirements of EN 300 220-1 [1],
EN 300 330 [2] and I-ETS 300 440 [3] as applicable. The use of short range devices (SRD) isalso covered in
CEPT/ERC Recommendation 70-03 [8].

It is recommended that the spread of the minimum reception sensitivity between all manufactured devices in a system be
kept as small as possible. Thisisin the interests of minimizing data clashes between competing systems.

6 Description of the access protocol

All devices fulfilling the present standard shall use this protocol each time they access the RF channel and the
RF channel isto be used only by such devices.

6.1 Channel access duration

The total time during which the channel may be occupied for each access (channel access duration) shall not exceed the
duration given in subclause 7.1.3. Thisincludes the duration of any acknowledgement or reply from aresponding
device.
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Provided that both the maximum duration of channel occupation (channel access duration) and the reply carrier delay
limits are fulfilled, the channel may be occupied by a sequence of any number of transmissions (involving, possibly,
replies from one or more transmitters).

If, therefore, areplying device, or devices are required to return data (e.g. for handshake purposes), then the time taken
to do this shall be included in the channel access duration.

Transfer of large quantities of data shall be achieved by dividing it up into suitably small packets to satisfy this protocol.

6.2 Principles

For the purpose of channel access, the equipment determines whether or not the channel is free and has been free for the
observation time to by means of carrier sensing in the channel.

The observation time (see subclause 6.5) consists of afixed part, a priority part and a pseudo-random additional part.
When the channel appears to have been continuously free by the end of the observation time, the transmitter may be
initiated and shall be powered up within the specified time (the accessing carrier attack time delay, see subclause 7.7).

The priority part has been included in the observation time for the purpose of giving priority to shorter messagesin
order to improve their response time chances.

The total duration of the RF carrier emission (accesstime) is limited (see subclauses 6.1 and 7.1).
The overall duty cycle limitation is given in subclause 6.7.

The number of transmission retries (intended to overcome transmission collisions and corruption) should be limited to a
maximum of 5.

6.3 Procedure

In order to gain access to the radio channel the equipment shall determine whether or not the channel is, and has been,
free during the observation time to, by means of carrier sensing (see subclause 6.4). If the channel appears to be free
throughout the observation time and there is information to be sent, the transmission shall then beinitiated and

RF carrier radiation commenced within the specified time (carrier attack time; see subclause 7.7.1 for definition). Once
the channel has been seized it may be occupied for up to the maximum time allowed for a single channel occupancy (see
subclauses 6.1 and 7.1).

At the end of a transmission, another observation time may start immediately, unless the duty cycle limit has been
reached (subclause 6.7).

If are-transmission is required (due, for example, to a"collision"), this same process shall be repeated and, once again,
the channel shall be detected as being free during the observation time prior to repeating the attempt to transmit.

To ensure that no other user can access the channel during a half duplex access, a maximum Reply carrier delay tc has
been defined (see subclause 7.2).

6.4 Carrier sensing

Carrier sensing, or more appropriately channel energy sensing, is the detection of whether the RF level in the receive
channel exceeds a given threshold or not.

The carrier sense shall be able to detect RF signals with different types of modulation (e.g. FSK, ASK, PSK, QAM etc.).

The channel shall be regarded as in use during the observation time (see subclause 6.5) if the level of the RF signal on
the channel exceeds the threshold given in subclause 7.4.3.

Carrier sensing shall take place throughout the observation time either continuously or at regular intervals not exceeding
250 ps and the carrier sense delay shall not exceed the limit given in subclause 7.5.3.
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6.5 Observation time

The observation time t, is the sum of the fixed part tf the priority part tp and the pseudo random part tr.

to=tf +tp+tr.

The fixed part, tf of the Observation time shall be not lessthan 5 ms.

The priority part, tp of the observation time shall be not less than that given in the table in subclause 6.6 (0 msto 8 ms).
The pseudo random part tr shall consist of arange of N different valuest;.

The number N of these different values (t;) shall not be less than 11.

The different values (t;) shall not be less than 1 ms of each other.

The mean of all these N values shall not be less than 5 ms.

The smallest of these different values (t;) may be 0 ms.

All of these N different values (t;) shall be used in N successive transmission transactions.

6.6 Message priority delay

A priority delay tp shall be included in each observation time. The value used for tp will be according to the message
length and isgivenin table 1.

Table 1: Message priority delay categories

Category Data Packet length Priority delay tp
Very short not greater than 12 ms >0ms
Short not greater than 25 ms >2ms
Normal not greater than 50 ms >5ms
Long not greater than 100 ms >8 ms

6.7 Duty Cycle

The duty cycle of devices transmitting messages shall be limited as given for category 3 in duty cycle categories,
CEPT/ERC Recommendation 70-03 [8].

Duty cycle limitations are only provided in order to avoid that a device unable to receive correctly may block the
channel with an unacceptable Duty cycle.

6.8 Anti blocking

In the case of interference, the channel may appear to be in constant use. In accordance with the protocol defined so far,
all the devices should remain in the observation status and the channel would then be "blocked".

In order to avoid the real blocking of all the devices, a mechanism is provided to alow aso for channel accessin such
conditions (see subclause 7.3).

This mechanism is optional, however, this mechanism requires a minimum wait time before channel access is allowed.

Under all circumstances, the duty cycle limitation given in subclause 6.7 applies.
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7 Methods of measurement and limits

A specia test mode may be used provided that the normal operating characteristics are not affected.

7.1 Channel access duration

7.1.1 Definition

The channel access duration is the time elapsed between the initial access carrier reaching alevel of Pmean—20 dB and
the point at which the power falls to the same level at the end of the transmission or the end of the reply in the case of a
multi transmitter communication.

< Prmean
Prnean -20dB
« Pt
« Channel Access Duration ——p

Figure 1: Channel access duration

Devices which are able to initiate a transmission and are transmitting without response to any previous initia
transmission from other devices shall also be considered for this measurement (see subclause 7.1.2.1).

A multi transmitter channel accessis one in which several transmitting devices access the channel as part of the same
message transfer. It consists of an initiating transmission followed by one or several sequential replying transmissions
(see subclause 7.1.2.2).

7.1.2 Method of measurement

Two different measurements are required to be performed.

The maximum channel access duration of a device that is able to initiate a data packet transmission (single transmitter,
see subclause 7.1.2.1) shall be measured.

The maximum channel access duration for an initiating transmission followed by all devices capable of replying with
their transmissions (see subclause 7.1.2.2) shall also be measured.
7.1.2.1 A single transmitter accessing the channel

A measurement shall be made of the time elapsed between the instant when the carrier reaches alevel of Pmean-20 dB
and the instant when the carrier falls to the same level at the end of the transmission. Seefigure 1.

The duty cycleis required to be measured in conformance with EN 300 220-1 [1]; EN 300 330 [2] and
I-ETS 300 440 [3] as applicable.
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13 ETSI EN 301 391 V1.1.1 (2000-01)

7.1.2.2  More than one transmitter accessing the channel

A measurement shall be made of the time elapsed between the instant when the carrier of the initiating device reaches a
level of Pmean-20 dB and the instant when the carrier from the last replying device fallsto the same level. Seefigure 1.
All replying carrier delays tr during the channel access shall be included in the measurement.

The duty cycle has to be measured in conformance with EN 300 220-1 [1]; EN 300 330 [2] and I-ETS 300 440 [3] as
applicable and is given in CEPT/ERC Recommendation 70-03 [8], annex 1.

7.1.3 Limit

Under al conditions and the total channel access duration shall not exceed 100 ms.

The conditions under which the measurements have been performed shall be included in the test report.

7.2 Reply carrier delay

7.2.1 Definition

The reply carrier delay tc is the time which elapses between the instant when a transmission falls below Pmean -20 dB
and the instant when the carrier of areplying device reaches Pmean-3 dB.

This measurement is applicable only to multi transmitter, channel access.

7.2.2 Method of measurement

equipment A J \L equipment B \t/ test receiver

under test under test or spectrum
analyser

Pr check

Figure 2: Measurement arrangement for device capable of replying
to a communication initiating device

The measurement shall be made of the time elapsed between the instant when the received carrier Pr check, at the test

receiver, falls by 20 dB (from its mean power level) to the instant when the carrier from the last replying device reaches
alevel 3 dB below its mean power.

7.2.3 Limit

The reply carrier delay shall not exceed 4 ms.

7.3 Anti blocking

In the case of interference the channel may appear as blocked. The following measurements are performed to check the
anti blocking characteristic of adevice. The worst case of blocking interference is a continuous carrier transmission,
interrupted by short gaps.

7.3.1 Definition

Anti blocking is the ability of a deviceto access the channel if the channel has been found to be blocked for more than
600 ms.
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7.3.2 Method of measurement

The equipment shall be arranged as shown in figure 3 below, with 3 metres between the device under test and the
checking transmitter (to be supplied by the manufacturer).

The device to be tested and a checking transmitter shall be placed on atest bench and shall be separated by a distance of
3 metres.

A test receiver or spectrum analyser shall be used to monitor signals from the equipment under test and the checking
transmitter.

The checking transmitter may be a signal generator capable of generating a CW signal at the centre carrier frequency.
The output signal from the checking transmitter shall be able to be switched on and off.

Initialy, the level of the test signal shall be set to at least -80 dBm and then adjusted such that a signal received from the
equipment under test, displayed on the spectrum analyser, is at least 10 dB higher than that from the checking
transmitter.

The checking transmitter shall be keyed on and off continuously with an on time of 12 ms and an off time of 4 ms.

The equipment under test shall be triggered to initiate a channel access. Means shall be available to establish when the
device has started to seek channel access.

The time between the equipment under test starting a channel access seek and the appearance of the RF output signal
from the equipment under test shall be measured.

4\7/ \L checking \L test receiver
toeek

device under transmitter or spectrum
test L analyser

Pr check

Figure 3: Measurement arrangement for evaluation of the anti blocking characteristic

7.3.3 Limit

A channel access attempt may not begin before 600 ms has el apsed.

7.4 Carrier sense threshold

7.4.1 Definition

The carrier sense threshold is the minimum level of the input signal which will trigger a change in the status of the
carrier sense logic signal.
7.4.2 Method of measurement

The equipment shall be arranged as shown in figure 3 above, with 3 metres between the device under test and the
checking transmitter (to be supplied by the manufacturer).

The device under test shall have an appropriate test point available from which asignal exists
corresponding / coinciding with the carrier sense logic signal used for the purpose of carrier detection.

The checking transmitter shall have a carrier frequency at the channel centre and have a mean power level equal to that
of atransmitter of the system under test (+3 dB) of that of the system transmitter.
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The checking transmitter is required to be on for 12 ms and off for 4 msin a continuous sequence to form a blocking
signal.

The device under test shall be triggered with arequest to transmit.

The elapsed time shall be measured between the reguest to transmit event and the instant that the device under test
initiates a transmission, or when the carrier sense logic signal changes state.

The carrier of the checking transmitter isrequired to be decreased until a change in the logical state of the carrier sense
signal is noted. Care should be taken in order to avoid that the device under test does not enter an anti blocking
procedure (possible after 600 ms of continuous carrier).

The carrier level which has generated an effect in the carrier sense of the device under test shall be noted and maintained
continuously.

The device under test shall then be replaced by a measuring receiver and the field strength recorded.

To alow for threshold hysteresis the measurement shall then be repeated for increasing output from the checking
transmitter until the 600 msinhibition startsto occur.

These measurements shall be repeated with the checking transmitter frequency carrier at band centre and at band
centre + N and at band centre - N asillustrated in figure 4, where N = channel spacing/3.

PFECC

fe-N fe fe+ N

Figure 4: Measurements taken at three carrier frequencies

The carrier sense threshold limit case shall be the highest of the 6 values measured above.

7.4.3 Limit

The carrier sense threshold shall not exceed the level Pr acc as defined in table 2, according to the channel spacing that
applies.

Table 2: Carrier sense limit versus channel spacing

Carrier sense Limit Channel Spacing
24 dBpV/m <upto 10 kHz
27 dBuV/m > 10 kHz to 20 kHz
30 dBuV/m > 20 kHz to 40 kHz
33 dBpVvV/m > 40 kHz to 80 kHz
36 dBuV/m > 80 kHz t0160 kHz
39 dBpV/m > 160 kHz
7.5 Carrier sense delay

751 Definition

The carrier sense delay is the time which elapses between a carrier reaching Pmean -20 dB and the changing of the state
of the carrier senselogic signal.
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75.2 Method of measurement

Device .
checking
under
test Test point transmitter Test point

—>

Figure 5: Measurement arrangement for a device's carrier sense delay measurement

The equipment shall be arranged as shown in figure 5 with 3 metres between the device under test and the checking
transmitter (to be supplied by the manufacturer).

The device under test shall have an appropriate test point available from which alogical signal, corresponding to the
carrier sensing, may be used for the purpose of monitoring carrier detection.

The checking transmitter shall have a carrier frequency at the channel centre and have a mean power level equal to that
of atransmitter of the system under test (+ 3 dB). The checking transmitter shall have atest point, or similar means, to
time the instant that the switched carrier reaches alevel 20 dB below its mean power level.

A measurement is to be made of the time between the instant when the checking transmitter crosses the -20 dB point and
the changing of the state of the carrier sense signal of the device under test.

The measurement shall be repeated for the carrier on-to-off transition of the checking transmitter. The rise and decay
times of the checking transmitter shall not be significant compared with the measurement uncertainty (see clause 9).

The carrier sense delay isthe longer of the two delays measured above.

7.5.3 Limit

The carrier sense delay shall not exceed 300 ps.

7.6 Observation time

7.6.1 Definition

The observation time is the time which el apses between the instant that an application makes a request to transmit, to the
instant that the carrier reaches Pmean -20 dB.

7.6.2 Method of measurement

Tx Device Carrier
under Test point monitoring Test point
test —> device —>

Figure 6: Measurement arrangement for a transmitting device's
observation period before transmission
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The equipment shall be arranged as shown in figure 6 with 3 metres between the device under test and the carrier
monitoring device (supplied by the manufacturer).

The device under test shall have an appropriate test point from which a pulse is produced, the leading edge of which
shall coincide with the request to transmit event.

The carrier monitoring device shall provide asignal at its test point output which corresponds to the carrier envelope
from the transmitting device. The carrier monitoring device shall not introduce any signal delay greater than 25 ps.

A sequence of measurements should be made from consecutive transmissions. The number of these measurements shall
be equal to the number of different values used for the pseudo random part (i.e. not less than 11, information supplied by
the applicant).

7.6.3 Limit

The applicant is required to declare which message lengths are expected.

The mean value of all the observation duration measurements made should be as follows:
»  for message lengths not greater than 12 ms the mean value of all measurements shall not be less than 10 ms;
»  for message lengths not greater than 25 ms the mean value of all measurements shall not be less than 12 ms;
»  for message lengths not greater than 50 ms the mean value of all measurements shall not be less than 15 ms;
»  for message lengths not greater than 100 ms the mean value of all measurements shall not be less than 18 ms.

If messages of different lengths have been observed, the appropriate weighting may be applied to the limit values given
above.

Details shall be included in the test report.

7.7 Channel accessing carrier attack time

7.7.1 Definition

The channel accessing carrier attack time is the time which elapses between the instant of establishing that a
transmission can take place and

- ether

- the moment when the transmitter output power has reached alevel 1 dB below or 1,5 dB above the steady
state mean power (Pmean ) and maintains a power level within +1,5 dB / -1 dB from Pmean thereafter, as
seen on the measuring equipment or in the plot of power as afunction of time;

- or

- theinstant after which the carrier frequency remains within awindow equal to its mean frequency (fc) £ 10 %
of the channel separation as seen on the measuring equipment or the plot of frequency as afunction of time;

- whichever occurs later.
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Test point _ _
Tx Device > Trigger device
under test
> RF detector or — Storage
spectrum analyser )
oscilloscope

v
Signal T

gener ator Test

—
discriminator

Figure 7: Measurement arrangement for the channel accessing carrier attack time

Figure 7 shows atest arrangement; equivalent methods may be used, in which case these should be documented in the

test report.

The measurement procedure shall be as follows:

a) thetransmitter is connected to a RF detector and to atest discriminator via a matched test load. The attenuation
of the test load shall be chosen in such away that the input of the test discriminator is protected against overload
and the limiter amplifier of the test discriminator operates correctly in the limiting range as soon as the
transmitter carrier power (before attenuation) exceeds 1 mW. A dual trace storage oscilloscope (or atransient
recorder) records the amplitude transient from the detector (e.g. on alogarithmic scale) and the frequency

transient from the discriminator (e.g. on alinear scale);

atrigger device may be required to ensure that the start of the sweep of the oscill oscope time base occurs at the
instant the decision is made that a transmission can take place. The measuring arrangement is shown in figure 7
above;

a spectrum analyser and a test discriminator / storage oscilloscope can be used;

b) the traces of the oscilloscope shall be calibrated in power and frequency (y-axes) and in time (x-axis), using the
signal generator;

¢) the channel accessing attack time shall be measured by direct reading on the oscilloscope while the transmitter is
preferably unmodulated.

See ETS 300 113 [4] subclauses 8.8 to 8.10 for more detail of this test method.

7.7.3 Limit

The channel accessing attack time shall not exceed 300 ps.
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8 Examples of channel access timing

Reply carrier

delay te Observation time

- - o -

Data transmission from device X’ . New transmission from device'Y’

Reply to device ‘X’ from receiver

Figure 8: Channel access using half duplex transmission

Figure 8 above shows the RF carriers for transmitter X' and transmitter "Y'. Half duplex communication isillustrated
between a sending device X' and a corresponding (correctly addressed) receiving device returning an
acknowledge / reply. Thisisfollowed in turn by atransmission from device 'Y".

Assuming that device 'Y iswaiting to transmit whilst device 'X' is transmitting, then device 'Y" will detect the carrier gap
(during its observation time), but having again detected the presence of a carrier will continue to wait, asillustrated,
until the reply to 'X" has finished, according to the rules of the protocol.

Device'Y' having eventually detected carrier silence (see subclause 6.4) throughout its full observation time
(see subclause 6.5), will then commence its transmission.

Observation time

C o
—— -

] N e 0 .

Figure 9: Channel access for a fixed rate-of-change of analogue level control

Figure 9 above illustrates a transmitting device used for afixed rate-of-change level control. In general, it would be
expected that for analogue level control for TV/hi-fi applications, the repeat repetition time would be typically every
115 msfor a 64 step range. For this type of application, typically, only asmall nhumber of level stepswould be required,
lasting afew seconds. In order to achieve the desired repetition rate, the average observation time shall be taken into
account (e.g. 10 ms, assuming an access packet length of < 12ms, seetable 1 and subclause 7.6.3).

Observation
e liMeto:

- 100 ms - 100 ms .

etc.

Figure 10: Channel access using maximum transmit time
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Figure 10 above illustrates a transmitting device transferring data at the maximum permissible throughput allowed by the
protocol. Also in this example there are no other devices competing for the radio channel. A priority delay of 8 ms shall
be included in the observation time in this case (see table 1). Such applications are subject to the overall duty cycle
specified in subclause 6.7.

9 Measurement uncertainty

Table 3: Absolute measurement uncertainties: maximum values

|All timings [5 % |
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Annex A (normative):
Radiated measurement

A.1  Test sites and general arrangements for
measurements involving the use of radiated fields

This normative annex introduces three most commonly available test sites, an Anechoic chamber, an Anechoic chamber
with aground plane and an Open Area Test Site (OATS), which may be used for radiated tests. These test sites are
generally referred to as free field test sites. Both absolute and relative measurements can be performed in these sites.
Where absol ute measurements are to be carried out, the chamber should be verified. A detailed verification procedureis
described in ETR 273-2 [5], ETR 273-3 [6] and ETR 273-4 [7].

NOTE: To ensurereproducibility and traceability of radiated measurements only these test sites should be used in
type test measurements.

A.1.1 Anechoic chamber

An Anechoic chamber is an enclosure, usually shielded, whose internal walls, floor and ceiling are covered with radio
absorbing material, normally of the pyramidal urethane foam type. The chamber usually contains an antenna support at
one end and aturntable at the other. A typical Anechoic chamber isshowninfigure A.1.
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material
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Figure A.1: A typical Anechoic chamber
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The chamber shielding and radio absorbing material work together to provide a controlled environment for testing
purposes. Thistype of test chamber attempts to simulate free space conditions.

The shielding provides a test space, with reduced levels of interference from ambient signals and other outside effects,
whilst the radio absorbing material minimizes unwanted reflections from the walls and ceiling which can influence the
measurements. In practiceit is relatively easy for shielding to provide high levels (80 dB to 140 dB) of ambient
interference rejection, normally making ambient interference negligible.

A turntableis capable of rotation through 360° in the horizontal plane and it is used to support the test sample (EUT) at a
suitable height (e.g. 1 m) above the ground plane. The chamber shall be large enough to alow the measuring distance of at
least 3 m or 2(d;+d,)2 /A (m), whichever is greater (see subclause A.2.5). The distance used in actual measurements shall be

recorded with the test results.

The Anechoic chamber generally has several advantages over other test facilities. Thereis minimal ambient interference,
minimal floor, ceiling and wall reflections and it isindependent of the wesather. It does however have some
disadvantages which include limited measuring distance and limited lower frequency usage due to the size of the
pyramidal absorbers. To improve low frequency performance, a combination structure of ferrite tiles and urethane foam
absorbersis commonly used.

All types of emission, sensitivity and immunity testing can be carried out within an Anechoic chamber without
limitation.

A.1.2 Anechoic chamber with a conductive ground plane

An Anechoic chamber with a conductive ground plane is an enclosure, usually shielded, whose internal walls and ceiling
are covered with radio absorbing material, normally of the pyramidal urethane foam type. The floor, which is metallic, is
not covered and forms the ground plane. The chamber usually contains an antenna mast at one end and a turntable at the
other. A typical Anechoic chamber with aground planeis shownin figure A.2.

This type of test chamber attempts to simulate an ideal OATS whose primary characteristic is a perfectly conducting
ground plane of infinite extent.

Antenna
mast

Test
antenna

4/“ :"‘ absorl:.)ing

material

\S

X

Turntabl

Figure A.2: A typical Anechoic chamber with a conductive ground plane
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In this facility the ground plane creates the wanted reflection path, such that the signal received by the receiving antenna
isthe sum of the signals from both the direct and reflected transmission paths. This creates a unique received signal level
for each height of the transmitting antenna (or EUT) and the receiving antenna above the ground plane.

The antenna mast provides a variable height facility (from 1 m to 4 m) so that the position of the test antenna can be
optimized for maximum coupled signal between antennas or between an EUT and the test antenna.

A turntableis capable of rotation through 360° in the horizontal plane and it is used to support the test sample (EUT) at a
specified height, usualy 1,5 m above the ground plane. The chamber shall be large enough to allow the measuring distance
of at least 3 mor 2(d;+d,)2 /A (m), whichever is greater (see subclause A.2.5). The distance used in actual measurements

shall be recorded with the test results.

Emission testing involvesfirstly "peaking" the field strength from the EUT by raising and lowering the receiving
antenna on the mast (to obtain the maximum constructive interference of the direct and reflected signals from the EUT)
and then rotating the turntable for a"peak” in the azimuth plane. At this height of the test antenna on the mast, the
amplitude of the received signa is noted. Secondly the EUT is replaced by a substitution antenna (positioned at the
EUT's phase or volume centre) which is connected to asignal generator. The signal isagain "peaked" and the signal
generator output adjusted until the level, noted in stage one, is again measured on the receiving device.

Receiver sensitivity tests over aground plane also involve 'peaking' the field strength by raising and lowering the test
antenna on the mast to obtain the maximum constructive interference of the direct and reflected signals, thistime using a
measuring antenna which has been positioned where the phase or volume centre of the EUT will be during testing. A
transform factor is derived. The test antenna remains at the same height for stage two, during which the measuring
antennais replaced by the EUT. The amplitude of the transmitted signal is reduced to determine the field strength level
at which a specified response is obtained from the EUT.

A.1.3 OATS

An OATS comprises aturntable at one end and an antenna mast of variable height at the other end above a ground plane
which, inthe ideal case, is perfectly conducting and of infinite extent. In practice, whilst good conductivity can be
achieved, the ground plane size has to be limited. A typical OATSisshownin figure A.3.
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Figure A.3: A typical OATS

ETSI



24 ETSI EN 301 391 V1.1.1 (2000-01)

The ground plane creates a wanted reflection path, such that the signal received by the receiving antenna is the sum of
the signals received from the direct and reflected transmission paths. The phasing of these two signals creates a unique
received level for each height of the transmitting antenna (or EUT) and the receiving antenna above the ground plane.

Site qualification concerning antenna positions, turntable, measurement distance and other arrangements are same as for
Anechoic chamber with a ground plane. In radiated measurements an OATS is a so used by the same way as Anechoic
chamber with aground plane.

Typica measuring arrangement common for ground plane test sitesis presented in figure A.4.
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Figure A.4: Measuring arrangement on ground plane test site
(OATS set-up for spurious emission testing)

A.1.4 Test antenna

A test antennais always used in radiated test methods. In emission tests (i.e. frequency error, effective radiated power,
spurious emissions and adjacent channel power) the test antenna is used to detect the field from the EUT in one stage of
the measurement and from the substitution antenna in the other stage. When the test site is used for the measurement of
receiver characteristics (i.e. sensitivity and various immunity parameters) the antennais used as the transmitting device.

The test antenna should be mounted on a support capable of allowing the antennato be used in either horizontal or
vertical polarization which, on ground plane sites (i.e. Anechoic chambers with ground planes and OATS), should
additionally alow the height of its centre above the ground to be varied over the specified range (usually 1 mto 4 m).

In the frequency band 30 MHz to 1 000 MHz, dipole antennas (constructed in accordance with ANSI C63.5) are
generally recommended. For frequencies of 80 MHz and above, the dipoles should have their arm lengths set for
resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended. For spurious emission
testing, however, a combination of bicones and log periodic dipole array antennas (commonly termed "log periodics")
could be used to cover the entire 30 MHz to 1 000 MHz band. Above 1 000 MHz, waveguide horns are recommended
although, again, log periodics could be used.

NOTE: Thegainof ahornantennais generally expressed relative to an isotropic radiator.
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A.1.5 Substitution antenna

The substitution antennais used to replace the EUT for testsin which atransmitting parameter (i.e. frequency error,
effective radiated power, spurious emissions and adjacent channel power) is being measured. For measurementsin the
frequency band 30 MHz to 1 000 MHz, the substitution antenna should be a dipole antenna (constructed in accordance
with ANSI C63.5). For frequencies of 80 MHz and above, the dipoles should have their arm lengths set for resonance at
the frequency of test. Below 80 MHz, shortened arm lengths are recommended. For measurements above 1 000 MHz, a
waveguide horn is recommended. The centre of this antenna should coincide with either the phase centre or volume
centre (as specified in the test method) of the EUT it has replaced.

A.1.6 Measuring antenna

The measuring antennais used in tests on an EUT in which areceiving parameter (i.e. sengitivity and various immunity
tests) is being measured. Its purpose is to enable a measurement of the electric filed strength in the vicinity of the EUT.
For measurements in the frequency band 30 MHz to 1 000 MHz, the measuring antenna should be a dipole antenna
(constructed in accordance with ANSI C63.5. For frequencies of 80 MHz and above, the dipoles should have their arm
lengths set for resonance at the frequency of test. Below 80 MHz, shortened arm lengths are recommended. The centre
of this antenna should coincide with either the phase centre or volume centre (as specified in the test method) of the
EUT.

A.2 Guidance on the use of radiation test sites

This clause detail s procedures, test equipment arrangements and verification that should be carried out before any of the
radiated test are undertaken. These schemes are common to all types of test sites described in this annex.

A.2.1 Verification of the test site

No test should be carried out on atest site which does not possess avalid certificate of verification. The verification
procedures for the different types of test sites described in this annex (i.e. anechoic chamber, anechoic chamber with a
ground plane and OATS) aregivenin ETR 273-2 [5], ETR 273-3[6] and ETR 273-4 [7], respectively.

A.2.2 Preparation of the EUT

The manufacturer should supply information about the EUT covering the operating frequency, polarization, supply
voltage(s) and the reference face. Additional information, specific to the type of EUT should include, where relevant,
carrier power, CSP, whether different operating modes are available (e.g. high and low power modes) and if operationis
continuous or is subject to a maximum test duty cycle (e.g. 1 m on, 4 m off).

Where necessary, a mounting bracket of minimal size should be available for mounting the EUT on the turntable. This
bracket should be made from low conductivity, low relative dielectric constant (i.e. less than 1,5) material(s) such as
expanded polystyrene, balsawood, etc.

A.2.3 Power supplies to the EUT

All tests should be performed using power supplies wherever possible, including tests on EUT designed for battery-only
use. In all cases, power leads should be connected to the EUT's supply terminals (and monitored with a digital
voltmeter) but the battery should remain present, electrically isolated from the rest of the equipment, possibly by putting
tape over its contacts.

The presence of these power cables can, however, affect the measured performance of the EUT. For this reason, they
should be made to be "transparent” as far as the testing is concerned. This can be achieved by routing them away from
the EUT and down to the either the screen, ground plane or facility wall (as appropriate) by the shortest possible paths.
Precautions should be taken to minimize pick-up on these leads (e.g. the leads could be twisted together, loaded with
ferrite beads at 0,15 m spacing or otherwise loaded).

Details shall be included in the test report.
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A.2.4 Volume control setting for analogue speech tests

Unless otherwise stated, in all receiver measurements for anal ogue speech the receiver volume control where possible,
should be adjusted to give at least 50 % of the rated audio output power. In the case of stepped volume controls, to volume
control should be set to the first step that provides an output power of at least 50 % of the rated audio output power. This
control should not be readjusted between norma and extreme test conditionsin tests.

A.2.5 Range length

The range length for all these types of test facility should be adequate to allow for testing in the far-field of the EUT i.e. it
should be equal to or exceed:

2y +d,)?
)

where:

- d; isthelargest dimension of the EUT / dipole after substitution (m);
- d, isthelargest dimension of the test antenna (m);

- A isthetest frequency wavelength (m).

It should be noted that in the substitution part of this measurement, where both test and substitution antennas are half
wavelength dipoles, this minimum range length for far-field testing would be:

2

It should be noted in the test report when either of these conditionsis not met so that the additional measurement uncertainty
can be incorporated into the results.

NOTE 1: For thefully anechoic chamber, no part of the volume of the EUT should, at any angle of rotation of the
turntable, fall outside the "quiet zone" of the chamber at the nominal frequency of the test.

NOTE 2: The"quiet zone" is avolume within the anechoic chamber (without a ground plane) in which a specified
performance has either been proven by test, or is guaranteed by the designer / manufacture. The specified
performance is usually the reflectivity of the absorbing panels or a directly related parameter (e.g. signal
uniformity in amplitude and phase). It should be noted however that the defining levels of the quiet zone
tend to vary.

NOTE 3: For the anechoic chamber with a ground plane, afull height scanning capability, i.e.1 mto 4 m,
should be available for which no part of the test antenna should come within 1 m of the absorbing panels.
For both types of anechoic chamber, the reflectivity of the absorbing panels should not be worse than
-5dB.

NOTE 4: For both the anechoic chamber with a ground plane and the OATS, no part of any antenna should
come within 0,25 m of the ground plane at any time throughout the tests. Where any of these conditions
cannot be met, measurements should not be carried out.

A.2.6 Site preparation

The cables for both ends of the test site should be routed horizontally away from the testing areafor aminimum of 2 m
(unless, in the case both types of anechoic chamber, aback wall is reached) and then alowed to drop vertically and out
through either the ground plane or screen (as appropriate) to the test equipment. Precautions should be taken to
minimize pick up on these leads (e.g. dressing with ferrite beads, or other loading). The cables, their routing and
dressing should be identical to the verification set-up.

NOTE: For ground reflection test sites (i.e. anechoic chamber swith ground planesand OATS) which
incorporate a cable drum with the antenna mast, the 2 m requirement may be impossible to comply with.
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Cadlibration data for all items of test equipment should be available and valid. For test, substitution and measuring
antennas, the data should include gain relative to an isotropic radiator (or antenna factor) for the frequency of test. Also,
the VSWR of the substitution and measuring antennas should be known.

The calibration data on all cables and attenuators should include insertion loss and V SWR throughout the entire
frequency range of the tests. All VSWR and insertion loss figures should be recorded in the log book results sheet for
the specific test.

Where correction factors/ tables are required, these should be immediately available.

For all items of test equipment, the maximum errors they exhibit should be known along with the distribution of the
error e.g.:

- cableloss: + 0,5 dB with arectangular distribution;
- measuring receiver: 1,0 dB (standard deviation) signal level accuracy with a Gaussian error distribution.

At the start of measurements, system checks should be made on the items of test equipment used on the test site.

A.3  Coupling of signals

A.3.1 General

The presence of leadsin the radiated field may cause a disturbance of that field and lead to additional measurement
uncertainty. These disturbances can be minimized by using suitable coupling methods, offering signal isolation and
minimum field disturbance (e.g. optical and acoustic coupling).

A.3.2 Data Signals

I solation can be provided by the use of optical, ultra sonic or infrared means. Field disturbance can be minimized by
using a suitable fibre optic connection. Ultra sonic or infrared radiated connections require suitable measures for the
minimization of ambient noise.

A.3.3 Speech and analogue signals

Where an audio output socket is not available an acoustic coupler should be used.

When using the acoustic coupler, care should be exercised that possible ambient noise does not influence the test resuilt.
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A.3.3.1 Acoustic coupler description

The acoustic coupler comprises a plastic funnel, an acoustic pipe and a microphone with a suitable amplifier. The
materials used to fabricate the funnel and pipe should be of low conductivity and of low relative dielectric constant
(i.e. lessthan 1,5):

the acoustic pipe should be long enough to reach from the EUT to the microphone which should be located in a
position that will not disturb the RF field. The acoustic pipe should have an inner diameter of about 6 mm and a
wall thickness of about 1,5 mm and should be sufficiently flexible so as not to hinder the rotation of the turntable;

the plastic funnel should have a diameter appropriate to the size of the loudspeaker in the EUT, with soft foam
rubber glued to its edge, it should be fitted to one end of the acoustic pipe and the microphone should be fitted to
the other end. It is very important to fix the centre of the funnel in areproducible position relative to the EUT,
since the position of the centre has a strong influence on the frequency response that will be measured. This can
be achieved by placing the EUT in aclose fitting acoustic mounting jig, supplied by the manufacturer, of which
the funnel isan integral part;

the microphone should have a response characteristic flat within 1 dB over a frequency range of 50 Hz to

20 kHz, alinear dynamic range of at least 50 dB. The sensitivity of the microphone and the receiver audio output
level should be suitable to measure asignal to noise ratio of at least 40 dB at the nominal audio output level of
the EUT. Its size should be sufficiently small to couple to the acoustic pipe;

the frequency correcting network should correct the frequency response of the acoustic coupler so that the
acoustic SINAD measurement is valid (see |EC Publication 60489-3 [9] appendix F).

A.3.3.2 Calibration

The aim of the calibration of the acoustic coupler isto determine the acoustic SINAD ratio which is equivalent to the
SINAD ratio at the receiver output.
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