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Intellectual Property Rights

IPRs essentid or paentidly essentid to the present document may have been dedared to ETSI. Theinformation
pertaining to these essentid IPRs if any, is publidy avalable for ETSI members and non-members, and can be found
in ETSI SR 000 314: "Intdlectual Property Rights (IPRs); Essential, or potentially Essential, IPRs natifiedto ETS in
respect of ETS standards’, which is avalable from the ET S| Secretariat. Latest updates are avalable on the ET SI Web
server (http://webapp.etsi.org/IPR/home. asp).

Pursuant to the ETSI IPR Policy, noinvestigation, induding IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates onthe ET SI Web
server) which are, or may be, or may become, essentid to the present document.

Foreword

ThisTechnicd Report (TR) has been produced by ET SI T echnicd Committee El ectromagnetic compatibility and Radio
spectrum Métters (ERM).

Introduction

T he purpose of producing the present document is tolay afoundation for industry to quickly bring innovetive and
useful products to the market while avoiding any harmful interference with other services and eguipment.

PWMS are intended for use in the entertainment and instdled sound industry by Professiona Users involved in stage
productions, public events, TV programme production, public and private broadcasters instdlation in conference
centres / rooms, city hdls, musicd and theatres, sport / event centres or other professiond activities / inddlation.

PWMS have traditiondly been inusein broadcast bands 1, IV and V, since 1957. The transitionto digitd TV has
eroded the avail ability of spectrum. Thegrowth of theatrica and musica productions dong with the requirements of
"wirdess" microphones in dl forms of media, plusthe growth of independent tdevision and film productions, has
resulted in the plethora of uses outlined in annex A.1 TheChester conference of 1997 s&t the spectrum dlocation for
digitd tdevisionand simulcasting There is adanger tha this will result in the displacement of wirdess microphones
from their traditiona spectrum. Continued erosion of spectrum availability will result inthe loss of progranme, media
and film production within Europe, contrary to the EU Recommendation of 50% of dl programme making being within
the EU [18].

Previous CEPT investigations [9] and [11] identified the frequency range 1 785 MHz to 1 800 MHz, however this
designation has proved to have many drawbacks and is not suitable to replace the existing UHF spectrum due to
propagation, lack of spectrum for multi-channd use, etc. Thisfrequency rangeis dso being considered by ECC for
fl exible band usage which is incompatible with PWM S usage.

ETSI
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1 Scope

T he present document describes the requirements for radio frequency usage for PWMSin the frequency ranges up to
goproximaey 1 800 MHz

T hese systems are constant-carri er devices, with 100 % duty cyde, for use by Professiona users and are, as arule, high
quaity wireess audio transmission systems induding, but not limited to, wirel ess microphones, back-channel

equi pment (in-ear monitoring), wirdess equipment for sound mixing pand's, wird ess equipment for news reporting

(e.g. news reporters and their teams) and audio link test, correction and optimization equipment. T he professiond naure
of the intended system users differentiat es these systems from "consumer™ systems.

T he present document includes necessary information to support the co-operation between ET Sl and the Electronic
Communications Cammittee (ECC) of the European Conference of Postd and T d ecommuni cations Administrations
(CEPT).

Additiond information is given inthe following annexes:
o  detdled maket information (annex A);
. technicd information (annex B);
e  expected compatibility issues (annex C);
e  PWMS pathloss modd (attachment 1);

o receiver parameters bdow 1 GHz (attachment 2).

2 References

For the purposes of the present document the foll owing references gpply:

NOTE: Whileany hyperlinksinduded in this dause were vdid at the time of publication ETSI cannot guarantee
their long term vaidity.

1 CEPT Report 005 (2004): "Find report by the ECC inresponse to the EC Mandate to CEPT on
SRD Radio Spectrum harmonization”.

[2] CEPT/ECC Report 2 (February 2002): "SAP/SAB (ind. ENG/OB) spectrum use and future
requirements’”.

[3] CEPT/ERC Recommendation 25-10 (2003): "Frequency ranges for the use of temporary terrestria
audio and video SAP/SAB links (inc. ENG/OB)".

4 CEPT/ERC Recommendation 70-03 (2005): "Reating to theuse of short range devices (SRD)".

[5] CEPT/ERC Recommendation 74-01 (1999): "Unwanted emissionsin thespurious doman".

[6] CEPT/ERC Report 7 (December 1991): "Compatibility between certain mobile
Radiocommuni cations systems operating in adjacent bands".

[7] CEPT/ERC Report 25 (2004): "T he European table of frequency dlocations and utilizations
covering the frequency range 9 kHz to 275 GHZ".

[8] CEPT/ERC Report 38 (May 1995): "Handbook on Radio Equipment and Systems Video Links for
ENG/OB Useg'.

9] CEPT/ERC Report 42 (October 1996) "Handbook on Radio Equipment and Systems Radio

Microphones and SimpleWide Band Audio Links".

[10] CEPT/ERC Report 58 (January 1998): "DSI Phase Il (900 MHz Issues) Services Andillary to
Program M&king".
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[19]
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CEPT/ERC Report 63 (May 1998): "Introduction of radio microphone applications in the
frequency range 1 785 MHz to1 800 MHZ".

CEPT/ERC Report 88 (February 2000), "Compatibility and Sharing Andysis Between DVB-T and
Radio Microphones in Bands|V and V".

The Chester 1997 Multilaterd Coordination Agreement rdaing to Technicd Criterig,
Coordination Principles and Procedures for the introduction of T erestrid Digitd Video
Broadcasting (DVB-T) Chester (25 July 1997).

EBU press rdlesse (Geneva, 24 May 2006): "T he Eurovision Song Contest 2006".
EBU, SPB 495 18" January 1995: "T echnicd Bases for T-DAB planning".

EC RSPG Opinion #5 (2006), "Radio Spectrum Policy Group Opinion on T helntroduction of
Multimedia Services in particular in the frequency bands dlocated to the broadcasting services'.

As of October 2006, EC RSPG Opinion#5 is still under consideration by the EC. T hisreference will be
updated on find publication of this document.

EU Authorization Directive 2002/20/EC EU A
European Parliament decision on leve's of programme making in Europe.

CEPT Report (2006): "Find Report from CEPT in response to the Second EC Mandate to CEPT to
deveop astraegy to improve the efectiveness and flexibility of spectrum availability for Short
Range Devices (SRDs)".

As of October 2006, this CEPT report isstill indraft. This reference will be updated on find publication
of this document.

ET SI EN 300 422 (V1.3.1): "Electromagnetic competibility and Radio spectrum Métters (ERM);
Technica characteristics and test methods for wire ess microphones in the 25 MHz to 3 GHz
frequency range; Wird ess microphones in the 25 MHz to 3 GHz frequency range'.

ETSI EN 300 454 (V1.1.1) (dl parts): "ElectroMagnetic Compatibility and Radio Spectrum
Métters (ERM); Wide band audio links".

ETSI EN 301 357 (V1.3.1) (dl parts): "Electromagnetic compatibility and Radio spectrum Maters
(ERM); Cordless audio devices inthe range 25 MHz to 2000 MHZ".

ETSI EN 301 489-9 (V1.11): "ElectroMagnetic compatibility and Radio spectrum Maters
(ERM); ElectroMagnetic Compatibility (EMC) gandard for radio equipment and services; Part 9:
Speci fic conditions for wird ess microphones and similar Radio Frequency (RF) audio link
equipment”.

ETSI EN 301 840: " ElectroMagnetic Compatibility and Radio Spectrum Matters (ERM); Digitd
radio microphones operating in the CEPT Harmonized band 1 785 MHz to 1 800 MHZ".

Globd Standardization Collaboration (GSC) 11th Meeting, Chicago, Illinas, USA, 28 May to 2
June 2006.

ITU-R Recommendation P.372-8 (2003): "Radio noise".
ITU-R Recommendation SM.328-10 (1999): "Spectra and bandwidth of emissions".

ITU-R Working Paty 3J/15-E: United Kingdom: Recent messurements of man-made noise in
the United Kingdom

ITU-R Working Party 3J/43-E: Israd (Stéte of): Noise levd messurements a VHF + UHF for
recommendation 1T U-R P.372-8: Radio Noise.

ITU-R Working Party 3J/89-E: Norddeutscher Rundfunk (NDR): 1T U-R Input Document: "Man-
Made Noise in the VHF and UHF Frequency Bands: Results of Indoor Messurements”.

ITU Radio Regulaions (2004).
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[32] Radi ocommunications Agency study (2 April 1998): "Investigation into the implementation of
digitd techniques for Radiomicrophones”.
[33] Resolution GSC-11/23 (2006): (GRSC) "Radio Microphones and Cordless Audio
Standardization".
[34] The Society of London T heetre: "TheWyndham Report™ (1998).
3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
audiolinks: wirdess microphones with atransmitter output power leved above 50 mW
dBc: decibds rdaive to the unmodulated carrier power of the emission

NOTE: In the cases which do not have acarier, for example in some digitd moduation schemes where the
carier is not accessible for messurement, the reference leve equivaent to dBcisdecibds rdaive to the
mean power P.

professional user: person operating in the following employment segments:
. TV / Radio Broadcasting and production
. SAB/SAP
e ENG/OB
. Stage production

. "PA Rentds": companies who rent audio equipment to touring bands, artists, conferences, corporat e events,
exhibitions and fairs

. Performing artists
. Instalations. conference/ sport / event centres; city hdls ec.

Service Andillary to Broadcasting: services that support the activities of broadcast service companies carried out in
the production of their programme materid

NOTE: SeeECC Report 2[2].

Services Andillary to Programme making: services tha support the activities carried out in the making of
programmes

EXAMPLE: Film making, advertisements, corporate videos, concerts, theatre and similar activities not intidly
meant for broadcasting to genera public.

NOTE: See ECC Report 2[2].
UHF TV Band IV: 470 MHz to 606 MHz
UHF TV Band V: 614 MHz to 790 MHz

wireess microphones: dl radio microphones with atransmitter power level up to 50 mwW

ETSI
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3.2 Abbreviations

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

AF Audio Freguency
CEPT European Conference of Postd and T d ecommuni cations admini strations
dB deciBd
dBm deciBd rdativeto one milliwatt
DVB Digitd Video Broadcast
ei.r.p. equivaent isotropicaly radiated power
er.p. effective radia ed power
ECC El ectronic Communi cations Committee
ENG/OB Electronic News Gahering / Outside Broadcast
GSC Globd Standardization Collaboration
IEM In-Ear Monitor
IM Intermodul aion Product
ITU-R Internationd T decommunication Union - Radiocommuni cation sector
PAMA Professiond Audio Manufecturers Alliance
PEP Pesk Enve ope Power
PMSE Progranme Making and Specid Events (UK term)
PWMS Professiond Wired ess Microphone System
Rec Recommendation
RF Radio Frequency
RR Radio Regulations [31]
Rx Rece ver
SAB Service Ancillary to Broadcasting
SAP Services Andllary to Programme making
T-DAB Terestrid Digitd Audio Broadcasting
TV Tdevision
Tx Transmitter
UHF Ultra High Frequency
VCO Voltage controlled oscillaor
VHF Very High Frequency
4 Executive summary
Introduction

T he present document describes the spectrum requirements of Professiona Wird ess Microphones Systems (PWMS).

Wirdess microphone systems for professiond gpplications are used by public and privae broadcasters or other
professiond entities (e.g. content crestors) including commercia applications like instalationsin sport / events centres,
musicd and theatres, conference centres and city hdls. Such gpplications normaly indude in-eer monitoring or a
simultaneous stereo return channd to the artist and have high audio qudity requirements. T his means anong others AF
bandwidth, 100 % duty cyde, very low dstortion, smalest transmission deay, transmission qudity oriented on studio
requirements, Interference-free transmission. In addition, wirdess microphone systems for professiona goplications
have an extremdy high probability of usage & a given time and location which essentidly dfferentiaes them from non-
professiond wirel ess microphone usage.

Issue

Before the advent of Digitd Video Broadcasting TV services (DVB-T), PWMS used the spectrum in the gaps between
andogue TV channds. During the change-over to DVB-T this spectrum isdiminishing, whilst & the sametime
incressing demand is being made on the numbers of PWMS channd's deployed, thetechnica qudity of the content and
the density of the sites utilizing PWMS. When the digitd switch-over has taken place and the rd eased spectrum re-
farmed for other services, there will be substantiadly |ess spectrum avalable for PWMS. T he recent push, withinthe EC,
for more multimedia content production will only exacerbate the problem with production companies |ookingto use

wird ess means to produce programming materid.

ETSI
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New solutions need to beidentified to satisfy demand. It is proposed that the "tuning range" concept is maintained so
that aflexible solution isadopted with spectrum made avalable whereit is neaded [10].

Conclusions

T he combination of antenna size, equipment size and propagation characteristics mean that UHF spectrum isthe only
solution for practicd PWMS applicationsin the vast mgority of scenarios. VHF can be used, but the antenna and
equi pment sizes precludeits usein dl but aminority of cases.

The existing "tuning ranges" identified in EN 300 422 [20] need to be retained, augmented by the new candidate bands:
e 1452 MHz to 1559 MHz ("L band"); and

e 1785 MHzto1l 800 MHz (presently identified for andogue and digitd PWMS).

The dose proximity of PWMS transmitters and receivers (e g. wirdess microphone and IEM) means that wide
frequency separations are needed to avoid intermodul aion products and inter-system interference. The availability of

L Band and the 1,8 GHz band will provide that wide separation and ultimady reduce the overal spectrum required a
any onesite.

Changes may be required to CEPT/ERC Recommendation 70-03 [4], EN 300 422 [20] and perhgps EN 300 454 [21].

4.1 Status of the present document

The present document was created by ET SI TG17 WP3in July 2006. It has been inthe ERM RM consultaion process
between October and December 2006 with changes being incorporated following comments from ET SI members. ERM
RM has received dd egetion of authority by ERM for the find approva of the document as an ET Sl T echnicd Report.
T he present document was formdly approved for publication as an ETSI Technicd Report by ERM RM on

24 December 2006 and is now submitted to WG-FM and W G-SE for consideration.

4.2 Related ETSI and GSC initiatives

Inside ET SI, ERM T G17 has the responsibility to define the user requirements for PWMS. It isplanned that
EN 300 422 [20], ranging from 25 MHz to 3 GHz, will be revised with new requirements for spectrum masks above
1 GHz

NOTE: EN 300 454 21 isthe gpplicable standard for Audio Links.

The Globd Standardization Collaboration (GSC) agreed on a common globd gandard for professiond audio
microphones & their deventh meeting in June 2006 [25]. It resolved "to facilitate a strong and effective globd radio
standards collaboration on Radio Microphones and Cordless Audio gandardization in atechnol ogy-neutra
environment” [33]. See http://www.itu.int/itu-t/gsc/index.html for GSC documents.

4.3 Technical system description

For detaled technicd information, see annex B.

4.4 Market Information

"T he professiona radio microphone mark et continues to expand year on year but the market size is limited dueto the
high cost of professiond equipment (some thousands of Euro per channd). Due to the disparate nature of users and long
life of equipment (above 20 years) it is difficult to provide detaled data, but the data collected by theWyndham

Report [34] gives an indication for the UK theatre industry which will be repeated in other European Countries. Itis
reasonabl e for the entertainment industry to indude withinits benefits to GDP the associaed direct income from
tourism." (Fina Report from CEPT in response to the Second EC Mandate on SRDs dause 6.1.12 [19]).

For detalled market information, see annex A.

ETSI
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5 Current regulations

PWMS are only covered by CEPT/ERC Recommendation 70-03 [4], ahnex 10 and are referenced by ERC
Recommendation 25-10 [3], annex 2. There is no other ECC Decision or Recommendation on PWMS in existence
today.

T he present document contains existing frequency ranges covered by CEPT/ERC Recommendation 70-03 [4],
annex 10, as well as aproposd for a new frequency ranges between 1 452 MHz and 1 559 MHz.

Other frequency bands covered in CEPT/ERC Recommendation 70-03 [4], annex 10 are from 174 MHz to 216 MHz, as
wel as from 1 785 MHz to 1800 MHz However, the range 174 MHz to 216 MHz is considered more and more as
beng too noisy for ful filling the high audio qudity requirements. Studiesin Israd, Germany and the UK have shown
the noise leve's encountered in the VHF and UHF bands [26], [30], [29] and [28]. It isdso to hoted that DAB &

DVB-T usageisforeseen in the future in thisrange In addition, thisband isbeing withdrawn for PWMSin some EU
member states to facilitate the further roll-out of T-DAB. See annex C.15.

Many European countries use the band 174 MHz to 216 MHz for mobile gpplications on a primary basis
(RR [31] 5 235).

The frequency range from 1 785 MHz to 1 800 MHz is considered too amdl to compledy satisfy demand, the number
of available channd's not being high enough. In addition, other usage is foreseen in some European countries. Some
non-commercid professiond audio production applications use this frequency range.

At present the spectrum around 1,8 GHz can be used as follows:

. EN 301 840 [24] isfor 1 785 MHz to 1 800 MHz, professiona systems, but digital only.

- T here are problems with transmission dd ays, involving both coding ddays and forward-error-correction
ddays. Thetypicd limit for permissible dday is 2ms for live stage performances, etc. Thisisnot
possible with today's technol ogy.

- The avalable band gives 25 dgitd channes a 600 kHz. Thisis na suffi cient for even modest stage
productions. See annex A.3.1

- Not dl channds can be used -gaps are needed to avoid mutud interference. This pantisillustrated for
UHF systems by figure A.2 in annex A.2.2

e EN 301 357 [22] isfor 1 795 MHz to 1 800 MHz andogue and digitd, but isfor license-exempt cordless
audio.

- T here are problems with co-channd interference with license-exempt systems.

Table C.1, in Annex C.1.2 shows an extract from the ECA. Table[7] for the frequency bands in question and TableC.2
shows the current situation regarding nationd arrangements for PWMS gpplications for UHF TV bands IV and V.

6 Proposed regulations
T he following frequency tuning ranges a e proposed:
1) 470 MHzto 790 MHz (used by PWMS onlicensed sharing basis with broadcast services);
2) 790 MHz to 862 MHz (possibl e suggestion for a harmonized PMW S band e.g. on sharing principle);
3) 1452 MHzto1 492 MHz (new candidate band);
4) 1492 MHzto1 530 MHz (new candidate band);
5 1533 MHzto1 559 MHz (hew candidae band); and

6) 1785 MHzto1 800MHz (possible suggestion for a harmonized PMW S band for ENG to avoid conflict
potentid with PWMS a UHF).

The various typicd PWMS users have been categorized as follows:
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Table 1: PWMS user categories

User Group 1:

TV / Radio Broadcast stations
Media production, includingfilm, video and DVD

User Group 2

TV / Radio productions
ENG/OB

User Group 3:

Musical / Theatre installations
Fixed installations
Conferencevenues / universities

User Group 4:

"PA Rentals": companies who rent audio equipment to professional touring bands or artists and to large
corporate and political events

User Group 5:

Other professional users, such as touring bands or artists who own their own audio equipment

T he proposed bands would beutilized as follows:

Table 2: Proposed regulations

Frequency band Maximum mean power Duty cycle Channel Remarks
and mean power spacing
density (see note 5)
470 MHz to 50 mW e.r.p. No restriction 200 kHz All user groups individual
790 MHz license required

(see notes 1 & 2).

790 MHz to 50 mW e.r.p. No restriction 200 kHz All user groups individual

862 MHz license required
(see notes 1 & 2).

1 452 MHz to 50 mW e.ir.p. No restriction Up to600 kHz |New candidatefrequency

1 492 MHz band proposed to be added in
CEPT/ERC Recommendation

See NOTE 7 70-03, annex 10
All user groups individual
license required.

1492 MHz to 50 mW e.i.r.p. No restriction Up to600 kHz |New candidatefrequency

1 530 MHz and
1533 MHz to 1 559 MHz CEPT/ERC Recommendation

band proposed to be added in

70-03, annex 10

All user groups individual
license required.

For indoor installations only.

1785 MHz to
1 800 MHz

50 mW e.i.r.p. No restriction Up to 400 kHz |All user groups individual
license required
(see notes 3 and 4).

NOTE 1: 608 MHz to 614 MHz is not usablefor PWMS because of difficuties caused by the protection afforded to a
Radio Astronomy by Footnote 5.149.

NOTE 2: Some European countries (including the Czech Republic, Belgium, Denmark, France, Gemany,
Luxembourg, Norway ) allow individual license exempt operation by professional ertities in this band (or part
of it).

NOTE 3: A common radiated power level is proposed for all prof essional usage cases, whether hand held or
body -worn.

NOTE 4: In the Netherlands this band is already licence-exempt.

NOTE 5: The PWMS channel is always at least at a distance of channel spacing/2 from the respective band edge.

NOTE 6: EN 301 840 supports up to 600 kHz bandwidth.

NOTE 7: It should be noted that CEPT is planning to create a project team that will study the options and possibilities
for application of mobile multimedia services in the band 1452-1479.5 MHz in accordance with the mandate
from the RSC, and provisionsforindoor reception, as well as options for thefuture use of the band 1479.5-
1492 MHz

T he following points should benoted:

. That consideration should be given to establishing a core harmonized band for PWMS. Harmoni zation of
spectrum usage has two key advantages in this area. Firstly, cross border circulaion of professiona wird ess
microphone system equi pment is better facilitated and secondly, economy-of-scae in the production line will
decrease equi pment manufacturing costs.

. T he frequency band 470 MHz to 862 MHz iscovered by CEPT/ERC Recommendation 70-03 [4], annex 10,
which speci fies "professiond use only -individuad licence required”. However, it isproposed to change this
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requirement, inthe case of professiond broadcasters and professiond production companies, to a"lighter
licensing” regime. This "lighter licensing" regimeis panned to be used during broadcast productions whereas
individud licensingis considered more suitable for specid event scenarios. This"lighter licensing” regime
may include a defined channd planning approach using specifi ¢ limited spectrum. Inthiscontext, aticle 5 of
the EU Authorization Directive [17] which declares preference to license-exempt (or in more generd terms a
"lighter licensing") usage should be taken into account.

T o ensure portability of equipment and flexibility in frequency assignment, it would be considered an
advantage if common utilization conditions for PWM S were to be goplied equdly to each identified 1,5 GHz
band.

It is proposed that and ogue PWMS be permitted inthe band 1 785 MHz tol 800 MHz, on atuning range
basis. The band does not completdy satisfy the need for spectrum, but would provide a useful number of
andogue channds tha are well separated in frequency from the UHF and L Bands. Tha means the frequency
separaion requirements (e.g. between microphone and in-ear monitor) are dreedy satisfied reducing the
amount of spectrum neutrdised in any oneinstdlation. If this band was not made avalable the tad spectrum
used would be much higher as frequency separation would be needed between physicaly adjacent systems.

Following "dgitd switchove" dl DVB-T sevices will beconcentrated in one pat of the UHF "TV"
spectrum. T ogether with the increasing demand for, and deployment of, PWMS, thisputsan incressing strain
on the remaning spectrum and reduces the scope for the operation of PWMS. Thisisillustrated by figure 1 .

TV transmitters Radio microphon%

< UHFTV frequenmes today

New
I I Services

«— UHF TV frequencies by 2010 =

Figure 1: PWMS spectrum availability following digital switch-over

PWMS traditionaly operate in non-primary, non- protected spectrum, however they do require protected
spectrum due to the 100% duty cyde and are typicaly connected to vast sound systemsor recorded for radio
or TV transmission. T o date this protection has been provided by thelicensed use of the TV bands 3 4and 5
on ageographica restri cted basis, but with theswitchover to digitd TV thereis animpending crisisin the
industry as the only other spectrum avail&ble for large multi-channd systems isinthe 1785 MHz band but
does not provide equiva ent propagation characteristics or suffi cient spectrum.

(Find Report from CEPT in response to the Second EC Mandate on SRDs, dause 6.1.12[19])

Frequencies above aout 1 800 MHz are unusable due to higher propagation losses and body absorption. T here
aeno PWMS above 1 800 MHz in existence today. Use of spectrum above this band will have EMF
implications for users.

RSPG Opinon #5[16] on theintroduction of multimedia services in broadcasting bands concluded tha inthe
band 1 452 MHz to 1 479,5 MHz (L band), the Maastricht Specid Arrangement (introduction of Digitd Audio
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Broadcasting) seems unduly restrictive and should therefore be reviewed urgently to ensure tha other
technol ogies and services are not unduly precluded from use of the band.

. A recent European Parliament decision [18] was made that a least 51 % of programming should bemadein
Europe. Similar legidaion isbdieved to be proposed for France.

. Various estimates put the present level of European programme making as low as 10 % T hisdecision would,
therefore, herdd a dramétic incressein the use of radio microphones for SAB and SAP within Europe as well
as asimilar increase in the roaming requirements for these devices.

. Occasiondly radiated powers in excess of 50mW are needed, for instance to cover sporting events or
productions within buildings with highy asorbent wdls. In these cases Audio Links are required and these
are authorized on a case-by -case basis by the rd evant nationd regulaory authority. T hissituation exists at
present and no changes are envisaged.

. The growth of digitd TV broadcasting inthe UHF band creates much more difficult intermodul aion scenarios
for PWMS Infact, wirdess microphone applications operate in smdl gaps between multi carrier TV channds
and have to bear more than about 13000 intermodul &ion carriers dose to these gaps. It isthisinterference
moded that has to be considered by future radio frequency resource planning. In consequence, intermodulation
in receivers means tha the channds in usemust be separated, which increases the frequency regqui rement. On
the other side, a continuous band usage for PWMSiis easier to handle than multiplesmadler bands with dgitd
TV inthe adjacent frequendies, especidly in terms of intermodul ation scenarios and hardware requirements.

7 Main conclusions

PWMS are intended for use in the entetainment industry and instdlation industry by professiond bodies involved in
Musicd / Thestre / stage productions, pulic events, sporting events, programme production (incuding teevision,
multimedia, video, MP3, CD and DVD), puldic and privae broadcasters or other professiond entities.

The spectrum available for PWMS following digitd switch-over will be vastly reduced and the demands on PWMS
systems, bath interms of the required numbers of channds and the system capacity, areincreasing.

PWMS can operate in non-primary, non-protected spectrum, but do require exd usive use of the radio spectrum & the
site of operation, dueto their 100 % duty cycde and the conditions of operation.

Consideration should be gven to establishing a harmonization band for PWMS to better facilitate cross border
creulaion of professiond wird ess microphone system equipment and to incresse economies-of-scae in production .

Extra T uning Ranges should beidentified in the L Band frequency range for use by PWMS.

The 1,8 GHz wird ess audio band should beretained for PWM S but it should dso be recognized that this cannot, on its
own, satisfy the demand for PWMS channels.

That power levds of dl PWMS should bethe same as those in the new revision of CEPT/ERC Recommendation 70-03
[4].

8 Expected ECC and ETSI actions

ET Sl requests ECC to consider the present document, which indudes necessary information to support the co-operation
under the MoU between ET Sl and the Electronic Communications Committee (ECC) of the European Conference of
Postd and T & ecommunications Adminidrations (CEPT).

It is proposed that ECC considers the proposed regulation in dause 6 and identifies ind udes the proposed new
frequency tuning ranges as indicated in CEPT/ERC Recommendation 70-03 [4], annex 10.

Furthermore, it isproposed tha the ECC credtes arevision of the ERC Recommendation 25-10 [3] to further ensure that
the radio spectrum requirements for professiond audio microphones are met now and in the future.

Sharing studies for the indicated new candidate band for professiona wirdess audio microphones in the bands from
1452 MHzto 1 492 MHz, 1492 MHzto 1 530 MHz and 1 533 MHz to 1 559 MHz are proposed.
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ET Sl would gppreciate i f the ECC could findize the new ddiverable(s) by mid 2007.

ET Sl would revise EN 300 422 [20] and EN 300 454 21 to encompass parameters and spect rum identified by the
sharing studies.
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Annex A:

Detailed market information

Al

Applications

PWMS are intended for use in the entertainment industry by professiona bodies involved in stage productions, public
events, TV programme production, public and private broadcasters or other professiona entities.

The qudity requirements for the audio coverage are very high starting with CD qudity.

A.1.1 Application categories

T he difference between Professiona and Generd (consumer) gpplications is defined as follows:

Table A.1: Application categories

Attribute

PWMS

General audio applications

Application ty pe

High quality, real-time and

time-sy nchronized sound andv oice
recording including tak-back links
(IEMs) with very high reliability

Sound and v oice recording with
reduced quality and reliability on
used frequency band

Quality and performance of radio
frequency channels

License-based operation by radio
frequency assignment

Based on The Chester Agreement [13]
operation in the VHF and UHF
broadcast bands on secondary basis
Careful planning of large events and
Early involvement of the responsible
authorities

License-exempt operation on
harmonized or ISM frequency bands
e.g. 863 MHz to 865 MHz,

1 785 MHz tol1 800 MHz or

2 400 MHz

License free bands due to national
regulations (e.g. Germany) or
designated frequencies (lke UK
shared CH69)

Quality of radiofrequency link not
guaranteed

Quality requirements

The usable quality pemits high-quality
audio production

The av ailable quality pemits
high-quality audio production only in
fewcases. Nevertheless the
distribution of v oice and music is
well possible

Duty cycle

100 % - Frequency sharing impossible

Up to 100 % - Reducedfrequency
sharing is conceiv able

Delay (back to back)

As short as possible (<20ms)

Ty pically up to 300ms

Investment opportunity

Users ready toinvest, depending on:
the application configuration
the perceived value of the system

Users reluctant inv est because of:
low cost environment based on
standardized set-ups

low perceived value of systems

Ty pical production

Individual manufacturing up to series
production. Expensiv e auxiliary
components guarantee sound quality
and reliability

Series production up to
mass-market production. Caref ul
component selection permits
favourable prices

Support from manuf acturer and/or
distributor
(pre and after sales)

Often intensive co-operation between
manuf acturer and customer is

planning and execution
Individual assistance with installation
and sound check of the system

Support for maintenance and sevice

established during an extended period of

General application instructions and
assistancefor customer
Standardized information e.g. user
manuals, via Internet, etc.
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Attribute PWMS General audio applications
User's competence Often expert users, though perhaps with |Mainly interested in just using the
limited knowledge of radio frequency wireless microphone for the
technology application in hand
Assistance often available through Users set up equipment themsel es

specialized application experts
Sometimes specialist rental companies
are used, who take care of the
customer's application

Examplesfor typical areas of - Broadcast and TV production - Churches
application - Events with high public interest and/or |- Coach trips
large audience - Corferences
- Large corporate and political events - Corporate events
- Live music events - Daily business applications
- National and international sport events |- Events with low public interest
"News gathering teams" and/or small audience
- Presenters in large conference venues |- Exhibitions andfairs
- Spectacles, operas, musicals or - Internet audio recording
concerts in theatres and churches - Residential environment

- Sales meetings
- Tour guide systems

Note: Some applications could be assigned both columns.
For PWMS number of simutaneously used channels and number of spectators are typically higher.
Howev er the usedfrequency band and license principle limits the sound quality.

A2 Market size

1997 UK thesatre receipts: 589 million Euro. For London theincrease in tourist expenditure was cdculated at
618 million Euro. T hese figures are borne out by similar studes in New York.
(Find Report from CEPT in response to the Second EC Mandate on SRDs, dause 6.1.12[19])

Estimated EU Wireless Microphone Unitshipments

800000

700000

600000 — — —1 H

500000

Units
s
8
8
o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

NOTE 1: Results of market research initiatives executed by PAMA, the Prof essional Audio Manufacturers Alliance
(http://www.pamalliance.org), show an estimated total of 1 924 431 wireless microphone unit shipments for
the European Union over the pastfoury ears. The estimated annual growth for the years bef ore 2003 and
after 2006 is 5 %.

NOTE 2: This figure shows quartities of shipped wireless microphones, working licensed based (e.g. in the UHF
band) or under licence exemption in hatmonized and ISM bands.

Figure A.1: Estimated EU Wireless Microphone Unit Shipments
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A.2.1 Markets covered

The primary markets initidly targeted are in Europe. A Europeen sol ution could bean example for the world wide
harmoni zation process.

A.2.2 Market forecast

For the foresee-able future there will continue to be arequirement for and ogue PWMS.

It is posdble tha combined wird ess microphone/ IEMs will be deve oped in the future, which will be covered by
existing standards.

A.2.2.1 In-Ear Monitors

A few years ago it was thought that there would be atop limit to the number of frequencies used in one location.
Thiswould be governed by the number of channd faders on the mixing desk! However, two things have changed that.

1) Musicd shows paticularly are moving towards 1 IEM for each artist. Sometimes it may be a case of one
frequency with dozens of receiv ers (Olympic opening ceremony for instance), more often though eech artist
wants their own individua feed.

2) "InVision" presenters prefer an IEM over awakie-tdkie for their cue feed. A lot of presenters use "open”
tadkback and the bandwidth of an IEM (gpproximatdy 200 kHz) is easier to ligen to for long periods than a
wakietdkie (12,5 kHz). For loud sportsthe feed is in both ears using custom moulded earpi eces.

12,5 kHz qudity would be impossiblein that sort of situation.

NOTE: Source Charter Broadcast UK.

A.2.2.2 Wireless Microphones

A2.22.1 Present

The limit on the number of frequencies used to depend on the sze of the mixing desks (i.e the larger the mixing desk,
the smd ler the paying audience), but modern mixing systemsare now usualy computer controlled so removing this
limitation T he nature of TV production has dso changed dramaticdly from fixed stage productions to, for instance,
"manor house' productions, like "Fame Academy". In this case, various manor houses have been used, and usudly the
wadls are thick enough that 6 or more receive sites would only jug cover dl the areas covered by cameras. |f you have
12 atists you are in a situation where each receive site neads separae channds on the mixing desk, meaning that you
nead 72 microphone channd's on the mixing desk. Fgure A.2 illustrates the effect on the spectrum required to operate
multi-channd PWMSs, whilst sharing with andogue TV systems taking into account intraPWM S intermodul ation
products.

The mgority of wirdess microphone use is for live performances. These by their very nature cannot be repeated and
thereforeit is now common for mgor artists to carry more than one wird ess microphone to provide backup in case of
equipment falure
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Figure A.2: Required spectrum vs. numbers of channel in Intermodulation free operation

In addition, many programmes are now covered by more than one Broadcast channd. As an example, in the UK, mog
BBC1 programmes festure on BBC3and ITV redity programmes (e.g. "Big Brother") are broadcast on ITV1 and ITV3.
Separate presenters are used for each and they dl require a persond wirdess microphone, an IEM, and a hand-hed
wird ess microphone for one-to-one interviews. Some programmes, whilst not shared with ather TV channds, are dso
"streamed” to the web and so require similar facilities.

A2.22.2 Future

The high cost of wirdess microphones used to limit the number in usein any production. T he higher budgets,
complexity of production and world-wide distribution of the progranmes, means tha the origind financid restrictions
no longer gpply and that the number of wird ess microphone channe's for any individud programme continues to rise
Incressingly, thereis arequirement for live sound effects to be picked up (e.g. horse sounds, skiing sounds).

Theintroduction of high définition TV andits multiplechannd s sound reproduction aso requires additiond wird ess
mi crophones to achieve the results required by programme makers.

A.2.3 Audio Links

During theinitid preparation of wird ess microphone standards, it was agreed, due to the nationd regulation in place,
that wirdess microphones would be considered devices with a power output of less than 50mW. It was recognized that
the range of activities such as outside broadcast, golf, sporting events and similar activities, required a greater range
and in some cases, such as gdf tournaments, required both a higher power wird ess microphoneto go to an
accompanying vehide plus alink from that vehiceto the outside broadcast control point. Deve opments in programme
making incressingly require a higher power than 50mW in order to provide coverage in either complex buildings or to
provide longer range for the artist.

NOTE: Seeannex B.4.3 Absorption in wdls
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A3 Traffic evaluation

Wirdess audio systems have very high qudity requirements. The maximum operating distances are typicdly not more
than 100 metres.

Typicd deployment scenarios for speci d events areillustrated in dause A.3.1. T hese productions would na be possble
without the use of PNMS,

A.3.1 Examples of typical deployment scenarios

The numbers of channd's deployed in recent TV productions were as follows:

A.3.1.1 Comic Relief Fame Academy
UK, indoor
. 60 wird ess microphone channds - a dozen or so were for use
during the performances, the rest for presenters and
paticpants, 2 presenters for BBC1 and 2 different presenters
for BBC3. All the "redity” microphones (not used specificdly

for performance on stage) could be received by any of the 16
pairs of antennas located across 3 floors of the house.

. Each presenter requi red a separae IEM feed. This isusudly
done by providing a high power (1Watt) centra feed.

A.3.1.2 The Games
UK, indoor / outdoor
. 24 wird ess microphones.
. 3x 1WatIEMs.
. Based in astadium in Sheffiedd with 12 antennas, covering the pitch, the changing rooms and accommodation.

3 other locations, one of which was in Northampton for water ski-ing, and they originaly wanted a wird ess
microphone on each water skier.

A.3.1.3 The Farm
UK, outdoor
. 24 wird ess microphone for contestants over avery large area

. 2 high power IEMs.
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A.3.1.4 Springwatch
UK, outdoor
. 6 wirdess microphones.
. 2 IEMS a nealy 2 Wats

. Coverage of the wird ess microphone spreads across a huge
aea

A.3.1.5 The Match

UK, outdoor

Has a"redity" part for 2 weeks in one location using:
e 30 transmitters.
. 3 IEMs.

. The"Fnd" moves to another |ocation.

A.3.1.6 Only Fool on Horses

UK, indoor / outdoor

The programme is being made & an equestrian centre with indoor and
outdoor arenas and uses:

e  SiteWidelEMS (1 watt).
. 4 wird ess microphones for BBCL1.
. 4 wird ess microphones for BBC3.

o 20 wird ess microphones for contestants.
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. 12 wirdess microphones for horses (yes horse heavy bresthing!).

. 16 antennas for site wide coverage.

A.3.1.7 Phantom of the Opera
UK, indoor

. 22 wird ess microphones.

. 2 IEMs / tdkback channds.

A.3.1.8 Festspiele Bregenz
Austria, indoor / outdoor
. 48-88 wird ess microphones.

. 16 IEMs.

. 150000 spectators per year.
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A.3.1.9 Seefestspiele Morbisch

Austria, outdoor

32 wird ess microphones.
12 IEMs.

215 000 spectators per year.

A.3.1.10 Eurovision Song Contest

Places of event:

1)
2)
3
4)
5)
6)

2001: Kopenhagen, Parken Stadion.

2002: Tdlinn, Seku Suurhdl.

2003: Riga, Skonto-Olympia Hal.

2004: Istanbul, Abdi Ipekc Spor Saonu.

2005: Kiew, Pdats Sportu

2006: Athens, Olympic Sadium.

Typicdly 48 active microphone channds on stage.
Typicdly 16 IEM on gage.

Additiond wirdess microphones off-stage and outdoor
operation.

Caeful frequency planning employed to reduce required UHF
resource.

High potentid for high leve's of man-made noise due to
instdled stage effect goplications.

Very high collision paentid with"On tour applications".

Up to 250 million spectators per event.
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Figure A.3 showsthe web site activity and voting figures for the 2006 song contest and figure A.4 shows the viewing
figures in severd of the Eurovision countries.

NOTE: Source EBU Press Reease [14].
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Figure A.3: Eurovision Song Contest Web site statistics
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Figure A.4: Eurovision Song Contest Viewing figures

A.3.1.11 Olympics, 2004

Athens, indoor / outdoor
e 3535 wirdess microphones on 527 channels.
e 241 IEMson 71 channds.

e 976 tdkback systems on 423 channds.
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Licences per Service
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Figure A.5: Licenses per service, Athens Olympics 2004
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Figure A.6: Number of frequencies per service, Athens Olympics 2004

NOTE: (Final Report from CEPT in response to the Second EC Mandate on SRDs, clause 6.1.12[19])

A.3.1.12 Domstufen Erfurt
Germany, August 2006, Outdoor, free open-air opera
e 86 wirdess microphones simultaneously.

e nolEMs.

A.3.1.13 Musical production Elizabeth / Mamma Mia

Germany, indoor installation
e 36 microphones simultaneously.

e nolEMs.
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A.3.1.14 Best of Musical

Germany, indoor - tour throughout Germany

25 microphones.

10 IEM simultaneously.

A.3.1.15 Deutsche Leichtathletikmeisterschaften

Germany, indoor - tour throughout Germany

50 microphones

15 IEM simultaneously

A.3.1.16 "News gathering team" at Vienna airport

Austria, indoor / outdoor

Up to 3 microphones.

Up to 3 IEM simultaneously.

Very fast suburban deployment.

No frequency planning possible

Possibility of high leves of locd interference.

Lack of time for frequency planning means thereis ahigh
probability of co-channd collision with third parties.

Thisapplication requires a separa ed frequency assignment to avoid collisiors. Thebest solution would be a
Europe-wide harmonized frequency band.

A.3.1.17 "Production on tour" (e.g. production of documentary films)

Germany, indoor / autdoor

Up to 5 microphones.

No IEMs.

Very fast suburban deployment.

Only simple frequency planning possible
Possibility of high leves of locd interference.

Lack of timefor frequency planning means thereis a high probability of co-channd collision with third
paties.
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. T hisapplication requires a separat ed frequency assignment to avoid collisions. Thebest solution would be a
Europe wide harmoni zed frequency band.

A.3.1.18 BRITs 2006
UK, indoor
. On stage:
- 12 microphones.
- 6 IEMs.
J In studio:
- 14 Microphones.
e  "Red Cape":

- 4 microphones.

A.3.1.19 Comic Relief 2005
UK, indoor / outdoor
e 34 microphone channds.
. 6 IEM channds.
. 3 duplex studio tdkback channds.
. 4 simplex gudiotdkback channds.

A.3.1.20 HRH Birthday Party @ The Palace 2006
UK, outdoor
e 43 microphones.

. 3 IEMs.

A.3.1.21 "How Do You Solve a Problem Like Maria"
Episodes 6 - 8and 11- 12,
UK, indoor

. 33 microphones.

. 3 IEMs.

. 2 duplex studio takback channds.

. 3 simplex gudiotdkback channds.
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A.3.1.22 "Prince’s Trust" Concert 2006

UK, outdoor

44 microphones

A.3.1.23 Tour de France

France, outdoor
(Source: http://www.letour.fr/2005/presentati onus/chi ffres.html)

TheTaur by numbers

1)

2)

3)

4)

Followers

Organiztion

4 500 accompanying people
1500 vehides

60 permanent staff

200 temporary staff

180 service providers
14 medicd staff

1 200 rooms reserved daily

Security

13 000 "gendarmes"

45 "gardes républicans’

9 000 police staff & CRS

3 000 government officids from the Ministére de I'Equi pement

10 policemen for the Permanent Mission

Publics

15 million spectators

Men: 68 % - Women: 32%

71 % under 50

42 % under 34

76 % of French people have once atended the T our
Brand recognition: 96 % in France, 90 % in Europe
3 0% of foreign spectaors in the mountain stages

22 vaious nationdities
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5) Publicty caravan

- 200 vehides

40 brand names represented
- 11 million gifts distributed
6) Media
- 2 300 accredited journdists
- 1 200 journdists phaographers, caneramen & TV drectors
- 1 100 technicians or chauffeurs
- 528 various media
7) TV broadcasting
- 78 channds in 170 countries
- 2 hillionviewers
- 2 400 hours of TV coverage
8) Intene
- 350 million pages viewed (+17 % vs 2003)
- 7,7 millionvisitors
9) Radiofrequency resources

- At least 1 000 wirel ess microphones used daily.

A.3.1.24 La Plaine Saint Denis

. France, indoor
. High concentration of TV studics

e 40 studiosa the same placel
It is thehottest fixed spot in France for RF microphones.

. Producing the biggest TV shows in France, like Sar Academy.

. An average of 400 wird ess microphones are used daily.

A.3.1.25 Disneyland Paris

) France, indoor & outdoor
. Locaed in MarnelaVdlée

e  Wirdess microphones are used dl over the ThemeParks
to produce music shows, outside animation, thedaily parade...

o 200 wird ess microphones are used daily.
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A.3.1.26 14" of July event

France, outdoor

Hundreds of military troops are playing musicadong the
boulevard.

Yearly event on the Champs Elysées in Pais.

Big chdlenge because of the Ei ffd T ower broad casting
450 kW in UHF band.

Around 150 wirel ess microphones & the same place

High ENG operétion activities

A.3.1.27 Johnny Hallyday tour in France

France, indoor
Biggest concert in France
100 concerts around the French territory.

80 wird ess microphones and ear monitors

A.3.1.28 Cannes film festival

France, indoor

Yealy event in CannesinMay. TV crews from around the world.

80 wird ess microphones minimum

High ENG operation activities

A.3.1.29 SFP TV production

France, indoor

TV production company.

Located in Bry sur Mane.

At lesst 50 microphones used daily for TV production.
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A.3.1.30 Palais des congres de Lyon
. France, indoor

e 40 wirdess microphones, used daily for congress.

A.3.1.31 Musical “Heidi Walenstadt”

Switzerland, outdoor

. 22 microphone channds

. 4 |EM channds

A.3.1.32 “Tell Festspiele Altdorf”

Switzerland, indoor

. 32 microphone channds

A.3.1.33 Jazz Festival Montreux

Switzerland, indoor

. 60 microphone channds

. 20 IEM channd's
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A.3.1.34 Phil Collins European Tour

Switzerland, indoor

. 16 microphone channds

. 10 IEM channds

A.3.1.35 Theater Basel

Switzerland, indoor

o 16 microphone channd's

. 10 IEM channds

A.3.1.36 Theater Bern

Switzerland, indoor

. 20 microphone channds

A.3.1.37 Casino Theater “Winterthur”

Switzerland, indoor

o 16 microphone channd's

A.3.1.38 Fétes des vignerons Vevey

Switzerland, outdoor

. 80 microphone channds
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A.3.1.39 FIFA Zirich

Switzerland, outdoor

. 20 microphone channd's

A.3.1.40 SwissRe Ziirich

Switzerland, indoor

. 50 microphone channds

A.3.1.41 "Novartis Basel

Switzerland, indoor

. 50 microphone channds

A.3.1.42 WEF Kongresszentrum Davos

Switzerland, indoor

. 28 microphone channds
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A.3.1.43 Universitaten Fribourg, Bern, Basel Genf, St. Gallen, Luzern
Yverdon, Lausanne

Switzerland, indoor / outdoor

e 1500 microphone channd's

A.3.1.44 Conclusion

The chdlenges for dl of these type of jobs is to find enough avail able spectrum to fit in the number of channds
required on an intermodul ation-free basis. Each location is different so thereis no standard set of channd's. For
multi-locetion jobs (e.g. The Games) it isnot dways possibde to use the same frequencies in each location - this means
more equi pment.

After digitd switch-over it will become even more difficult to find usesble channds.

A.3.2 Audio links

The other areain which there is growth, is audio links (high power wirdess microphones). Quite often 1 watt
transmitters are used, mainly at sporting events. Golf was once covered with effects microphones & every hole, which
meant a cable to every hole. Now thisis done by radio. Sometimes 2 receive sites are used but generdly hi-gain
antennas on awd | sighted devated platform will cover the entire course. Locd radio aso use high power wird ess
microphones for soccer or horse racing, and they have been used for radio coverage @ Chesea and other Flower shows.

NOTE 1: Seeannex B.4.3 Absorption in wdls

NOTE 2: Seeannex B.1 Detdled technicd description .
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Annex B:

Technical information

B.1 Detailed technical description

See atachment 2: "Recever Parameters Bdow 1GHz .

For the purposes of wird ess microphones, a minimum building attenuation of 6dB should be considered.

Table B.1: System parameters,wireless microphones (up to 88 simultaneous channels)

Parameter Value Comments
Frequency stability 20 ppm below As in EN 300422 [20] (current new draft)
1GHz, 15 ppm

between 1 GHz
and 2 GHz and
10 ppm above
2 GHz.

Derived from limit in EN 300 422 [20Q]

Maximum radiated power

Below 1 GHz:
50 mW e.r.p.

Above 1l GHz:
50 mW e.ir.p.

Ty pical operating distance up to 200 m

Antenna beam shape/gain

Transmitter -
omnidirectional.
Recewver -
directional or
omnidirectional.

Examples of typical Modulation QPSK Modulation schemes currently used by wireless prof essional

schemes FM microphones systems

Dy namic range Abov e 100 dB

Ty pical channel bandwidth Below 1 GHz: Below 1 GHz, 200 kHz has been retained for compatibility
200 kHz, with existing equipment

Abovel GHz: up
to
600 kHz

Above 1 GHz, more than 200 kHz is required:
. To improve dynamic range

. Because, in digital systems, therequirements of
lip-sync mean that compression cannot be used

Communication mode

Continuous carrier,
100% duty cycle

Due to the muti-channel nature of these systems, all
devices are switched on prior to a performance and only
switched off after the end of the performance. This is also
due to the intermodulation pemutations of a multi-channel
sy stem and the possibility of acoustic shock if
intermodulation products are reproduced over high power
audio reproduction systems.

IM (recew ers) >35 dB
Ty pical minimum sensitvity, BER, |Below 1 GHz: Depending on channel width and modulation technique.
noise figure, etc. -90 dBm

NOTE: Parameter nat known forfrequencies above 1 GHz. To be detemined.
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Table B.2: System parameters, body-worn audio links (typically up to 6 simultaneous channels)

Parameter Value Comments
Frequency stability 20 ppm below As in EN 300 422 [20] (current new draft)
1GHz, 15 ppm

between 1 GHz
and 2 GHz and
10 ppm above
2 GHz.

Derived from limit in EN 300 422 [20]

Maximum radiated power

Below 1 GHz: Up
to 500 mW e.r.p.
Abovel GHz:
500 mW e.i.r.p.

Ty pical operating distance up to 500 m

Antenna beam shape/gain

Transmitter -
omnidirectional.
Recewver -
directional or
omnidirectional

Examples of typical Modulation
schemes

QPSK and higher
FM

Modulation schemes currently used by wireless
prof essional microphones systems

Dy namic range

Above 100 dB

Ty pical channel bandwidth

Below 1 GHz:
200 kHz,

Above 1 GHz: up
to 600 kHz

Below 1 GHz, 200 kHz has been retained for compatibility
with existing equipment

Above 1 GHz, more than 200 kHz is required to enable
non-compressed audio transmission without delay to
guarantee lip-sync

Communication mode

Continuous carrier,
100 % duty cycle

Due to the mutki-channel nature of these systems, all
devices are switched on prior to a performance and only
switched off after the end of the performance. This is also
due to the intermodulation pemutations of a multi-channel
sy stem and the possibility of acoustic shock if
intermodulation products are reproduced over high power
audio reproduction systems

IM (recew ers) >35 dB
Ty pical minimum sensitvity, BER, Below 1 GHz: Depending on channel width and modulations technique.
noise figure, etc. -85 dBm

NOTE:

Parameter nat known forfrequencies above 1 GHz. To be detemined.
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Table B.3: System parameters, |IEM

Parameter Value Comments
Frequency stability 20 ppm below As in EN 300422 [20] (current new draft)
1GHz, 15 ppm

between 1 GHz and [Derived from limit in EN 300 422 [20]
2 GHz and 10 ppm
above 2 GHz.

Maximum radiated power Below 1 GHz: Upto [Ty pical operating distance up to 200 m
500 mW e.r.p.
Above 1l GHz: Upto
500 mW e.ir.p.

Antenna beam shape/gain Transmitter -
omnidirectional.
Recewver -
directional or
omnidirectional

Examples of typical Modulation QPSK Modulation schemes currently used by wireless

schemes FM prof essional microphones systems.

Dy namic range Abov e 100 dB

Ty pical channel bandwidth Below 1 GHz: Below 1 GHz, 200 kHz has been retained for compatibility
200 kHz, with existing equipment
Above 1l GHz: upto |Above 1 GHz, more than 200 kHz is required
600 kHz to enable non-compressed audio transmission without

delay to guarantee lip-sync .

Communication mode Continuous carrier, [Due to the muki-channel nature of these systems, all

100% duty cycle devices are switched on prior to a pefformance and only

switched off after the end of the performance. This is also
due to the intermodulation pemutations of a multi-
channel system and the possibility of acoustic shock ff
intermodulation products are reproduced over high power
audio reproduction systems.

IM (recev ers) >35 dB
Ty pical minimum sensitivity, Below 1 GHz: Depending on channel width and modulations technique.
BER, noise figure, etc. -85 dBm

NOTE: Parameter nat known forfrequencies above 1 GHz. To be detemined.
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Table B.4: System parameters, Audio Links

Parameter

Value

Comments

Frequency stability

20 ppm below 1GHz,
15 ppm between 1
GHz and 2 GHz and
10 ppm above

2 GHz.

As in EN 300 422 [20] (current new draft)

Derived from limit in EN 300 422 [20Q]

Maximum radiated power

Below 1 GHz: 500
mW e.r.p.

Above 1 GHz: 500
mW e.ir.p.

Ty pical operating distance up to 200 m

Antenna beam shape/gain

Transmitter -
omnidirectional.
Receiv er - directional
or omnidirectional

Abovel GHz upto
600 kHz

Examples of typical QPSK Modulation schemes currently used by wireless

Modulation schemes FM prof essional microphones systems.

Dy namic range Abov e 100 dB

Ty pical channel bandwidth Below 1 GHz: Below 1 GHz, 200 kHz has been retained for
200 kHz, compatibility with existing equipment

Above 1 GHz, more than 200 kHz is required to enable
non-compressed audio transmission without delay to
guarantee lip-sync .

Communication mode

Continuous carrier,
100% duty cycle

Due to the muti-channel nature of these systems, all
devices are switched on prior to a performance and only
switched off after the end of the performance. This is
also due to the intermodulation pemutations of a multi-
channel system and the possibility of acoustic shock if
intermodulation products are reproduced over high
power audio reproduction systems.

IM (recev ers) >35 dB
Ty pical minimum sensitivity, [Below 1 GHz: Depending on channel width and modulations
BER, noise figure etc. -90 dBm technique.

NOTE:

Parameter not known forfrequencies above 1 GHz. To be detemined.

B.2

Production chain

Figure B.1: Typical production chain
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Figure B.1 shows theidedized operationa sequence of a sound production. The actud event happens only asingle
time Subsequent sound production and reproduction will repeet the performance many times. It isimportant to
understand that whatever happens a the front-end will have effects over many years. One can assume the larger part of
the cregtion of vdue will occur after the event. Thismust betaken into account with esch regulaory decision!

B.3  Limits for RF parameters
The requested radiated power limit (er.p. and ei.r.p.) isshownin teble B.5.

Table B.5: Maximum e.i.r.p. values

Maximum e.r.p./ ei.r.p. vaues
Radiated power (e.r.p./e.i.r.p.) 50 mW (mean)
Mean power density n/a
n/a

NOTE: Radiated power levels for mutlti carrier modulation systems above 1 GHz are still to be detemined.
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B.3.1 Out-of-Band emission masks

Table B.6 and Figure B.2 provide the detals of the spectrum mask for ana ogue systems.

Table B.6: Break points of spectrum limit mask for analogue systems in all bands

Frequency relative to the Relative level
centre of the channel (dBc)

-1 MHz -

-B -80

-0,5B -60

-0,35B -20

-0,25B 0

0,25B 0

0,35B -20

0,5B -60

B -80

1 MHz -90

Where B = the Necessary Bandwidth.

0dB

Unmodulated
.10 carier
reference

20

fc-0,35B fc + 0,35B
-30

-40

-50

-60

-70

-80

-90

-100
ava

fc-1 MHz fc-B fc-—B fc fc+§B fc+B fc+1MHz

2
fc = Transmitter carrier frequency

NOTE:1: The test modulation and test condiions f or these masks are as defined in EN 300 422 [2Q].

NOTE 2: The analogue mask is already defined in EN 300 422 [20] and will not be changed.

NOTE 3: A broader spectrum mask is suggested for above 1 GHz because of the higher frequency tolerances
involved.

NOTE 4: VCO phase and wideband noise above 1 GHz increases by approximately 6 dB.

Figure B.2: Spectrum masks for analogue systems in all bands
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Table B.7 and Figure B.3 provide the detail s of the spectrum masks for digitd sysems bdow 1 GHz.

Table B.7: Break points of spectrum limit mask for digital systems below 1 GHz

Frequency relative to the Relative level
centre of the channel (dBc)
-1 MHz -90
-1,75 B -80
-0,5B -30
-0,5B 0
0,5B 0
0,5B -30
1,75 B -80
1 MHz -90

Where B = the Necessary Bandwidth

dBC
0

20
-30
-40
-50

B0

-a0
-80

100 -

I | | i
FC-1HHz FG=1.75R FE-B/2 FO FCoB/2

| 1
FE41.758 FE+1HHz

NOTE 1: The test conditions and limits for this mask will be defined in EN 300 422 [20].
NOTE 2: The maskfor below 1 GHz is proposed, based on commonly manuf actured products.

Figure B.3: Spectrum mask for digital systems below 1 GHz
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Table B.8 and Figure B.4 provide the detals of the spectrum masks for digitd sysems above 1 GHz.

Table B.8: Break points of spectrum limit mask for digital systems above 1 GHz

Frequency relative to the Relative level
centre of the channel (dBc)
-1 MHz -
-B -60
-0,5B -40
-0,5B 0
0,5B 0
0,5B -40
B -60
1 MHz -60

Where B = the Necessary Bandwidth.

PEP/
Unmodulated carrier

- || 0dB reference

-10

fc=Transmitter
carrier frequency

-30

< -40

" AL - 60

-70

-80

fc fc +§
fc-B fc 2 fc+B
fc- 1 MHz fc+1 MHz

N @

NOTE: The maskforabove 1 GHz is already described in EN 301 840 (shown for a 400 kHz channel bandwidth).

Figure B.4: Spectrum mask for digital systems above 1 GHz
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B.4  Technical justification

B.4.1 Receiver sensitivity

B.4.1.1 Test arrangement

The following test method arangement can be used to messure the receiv er sensitivity.

5 ! A-
Signal | | Recaiver | | AFlads
genarator P nder fess [ ™| AoOustic | weighbing

A oo coupler S/M meter

Figure B.5: Test configuration for receiv er sensitivity measurement

B.4.1.2 Procedure

Set signd generaor A on recaver frequency (fo).

e Se signd generator A RF output leve to -120dBm.
e Se signd generator A to Modulaion FM, Deviaion +/- 24 kHz, AF 1 000 Hz.
e Modify signd generator A RF ouput leve until receiver S+N/N (Noise and Signd leve divided by Noise

leve) degrades to 80 dB(A). If the used audio compander technique required dternative can be measured on a
limit of 30 dB SINAD.

B.4.1.3 Limit

Thetypicd recaver sensitivity must be bel ow -90 dBm.
For miniaturized receiver and body worn receiver a sensitivity of -85 dBm s gpplicable.

NOTE 1: Further informetion is contained in"Attachment 2, Receiver Parameters Bdow 1GHz (04092006)".

NOTE 2: Suiteble receiver sensitivity leves for systems above 1 GHz are yet to be determined.

B.4.2 Path loss calculation

B.4.2.1 Worst case PWMS path loss scenario

Typicd components of microphone transmission path are described as:

o MicCrophone OULPUL POWET: ......iii it ee e e e e e e e e 50 mW er.p.
PLs- Free space path loss: 32.44+20l0g,, (1—j + 20log,o ()

e Pl -Loss dfected while carrying antennaon human body:...............c....o up to 25dB

e PLy - Additiond lossin the transmission path NOtCheS............ccvevveiiiiiiieiiiinnnn. up to 30dB

e PGpy - Ganby using antenna diversity teChNiqQUES ..........c.oovveiiiiiiiiiiiineiiee e, ~7dB

o PG, - Gan throughrecaiver antenna...........cocvvviiiiiiinecii e, typicdly 10 dB

Theworst casein atypicd instdlation when using dversity receiver antennas is described as:
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1000] +20l0g; o )+ 25+ 30-7-10

Total L ossVérstCaseD(dB) =32,44 + 20l 0910[ d

Theworst casein atypicd instdlation not ugng diversity rece ver technique is described as:

d ] +20l0gyo( f)+25+30-10

Total L ossVerstCaseN D(dB) = 3244+ 20| 0910( 1000

B.4.2.2 Simulation
Simulaion results are shown in Figure B.6.

Si nulated PW/S recei ver input signal [dBn}

%~ \Mrst case usi ng di versity
~* \Mrst case non diversity
& PWB appl ication level linit

o s e
\\\

10

100

Figure B.6: Simulated PWMS receiver input signal

B.4.2.3 Results

For the worst case, inanon-diversity system adistance of dbout 15meters, and in diversity systems a d stance of about
32meters, can be achieved. A larger distance would be possible by incressing the radiated output power.

NOTE 1: Further informetion is contained in"Attachment 1, PWMS pathlossmodd" for gpplications be ow
1GHz

NOTE 2: Suitable path |oss parameters for systems aove 1 GHz are yet to be determined.
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B.4.3 Absorptionin walls

Messurement results with regard to wal absorption are shown in Figure B.7.

Wall type / material Absorption |Absorption
@650MHz |@1450MHz
Lime sandstone 24cm 21 dB 34 dB
Lime sandstone 17cm 16 dB 29 dB
Ytong 36.5cm 21 dB 23 dB
High hole brick 24cm 9dB 19 dB
Reinforced concrete 16cm 11 dB 13 dB
Lightweight concrete 11.5cm 7 dB 9 dB
ThermoPlane 5dB 6 dB

NOTE 1. Horizontdly arranged wals typicdly have a smdler absorption.
Veticdly arranged wals have substantiadly larger dbsorption.

NOTE 2: Some gpplication ask for increased er.p. to penetrate wals.

EXAMPLE: An output power incresse by 13 dB to IW er.p. would permit penetration of up to 3wdls.

Figure B.7: Absorption in walls
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Annex C:

Expected compatibility issues

C.1

Coexistence issues

T he sharing situation of PWMS with T-DAB inthe band 1452 MHz to 1 492 MHz (and the other frequency bands)
needs to be investigated, both for the effect of T-DAB transmissions on PWMS receivers as well as the effect of PWM S
transmissions on T-DAB receptions. T he protection ratio vaues for T-DAB are given inthe "T echnica Bases for

T-DAB Fanning" from the EBU [15].

T he effect of PWM S indoor transmissions on the receptions of the "outdoor” primary radio services in the new
candidate bands 1 492 MHz to 1530 MHz and 1533 MHz to 1 559 MHz needs to be investigated.

C.1.1 Existing studies

T he following studies were carried out in the past:

e Investigation into digta Radiomicrophone techniques, by the Radiocommunications Agency [32].

e ECC Report 2 onthe spectrum use and future requi rements for SAB/SAP [2].

e ERC Report 7 on compatibility between mobile services [6].

e ERC Report 63 on wirdess microphones in the 1,8 GHz band [11].

e ERC Report 88 onthe compatibility between DVB-T and radio microphones inbands IV and V [12].

e ECC Fnd Report inresponse to the Second EC Mandate to devdop a strategy to for Short Range Devices

(SRDs) [19].

C.1.2 Current allocations in the proposed new frequency band

The following radio services are dlocated in the frequency band proposed for studying for operaion of PWMS

gpplication equipment:

Table C.1: European Common Allocations and Applications
in the proposed frequency bands for study

RR Region 1 Allocation |[European Common Utilization Note
Alocation
UHF
470 MHz to 608 MHz BROADCASTING Radio microphone On a tuning range basis
BROADCASTING Mobile SAP/SAB Mobile applications restricted to SAB/SAP
including radio microphones

5.149 5.291A Stockholm Agreement 1961 The band 470 MHz to862 MHz be
5.291A 52% complemented by the Chester |reviewed for possiblefuture applications
gégg 1997 Agreement after the introduction of DVB-T
5.306
608 MHz to 614 MHz BROADCASTING Radio astronomy applications |Continuum measurements and VLBI
BROADCASTING Mobile Radio microphones On a tuning range basis

Radio Astronomy SAP/SAB Mobile applications restricted to SAB
5149 including radio microphones
g'ggéA g-%gg Stockholm Agreement 1961 The band 470 MHz to862 MHz be
5306 5'306 complemented by the Chester |reviewed for possiblefuture applications

1997 Agreement

after the introduction of DVB-T

ETSI




46 Draft ETSI TR 102546 V1.1.1 2.0.2 (2007-01)
RR Region 1 Allocation [European Common Utilization Note
Alocation
614 MHz to 790 MHz BROADCASTING Radio microphone On a tuning range basis
BROADCASTING Mobile SAP/SAB Mobile applications restricted to SAB
including radio microphones
5.149 5296 EUI3 Stockholm Agreement 1961 The band 470 MHz to862 MHz be
g-ggg‘ 5312 complemented by the Chester |reviewed for possiblefuture applications
5:311 1997 Agreement after the introduction of DVB-T
5312
790 MHz to 838 MHz BROADCASTING Defence systems Mobile applications restricted to tactical
BROADCASTING Mobile links and SAB/SAP including radio
FIXED microphones
5312 EU2 Radio microphone On a tuning range basis
5312 5316 EU13 SAP/SAB Mobile applications restricted to tactical
5314 links and SAB/SAP including radio
ggig microphones
5319 Stockholm Agreement 1961 The band 470 MHz to862 MHz be
complemented by the Chester |reviewed for possiblefuture applications
1997 Agreement after the introduction of DVB-T
838 MHz to 862 MHz BROADCASTING Defence systems Mobile applications restricted to tactical
BROADCASTING MOBILE links and SAB/SAP including radio
FIXED microphones
5312 EU2 Radio microphone On a tuning range basis
5312 5316 EUI3 SAP/SAB Mobile applications restricted to tactical
g'gig links and SAB/SAP including radio
5319 microphones
5321 Stockholm Agreement 1961 The band 470 MHz t0862 MHz be
complemented by the Chester |reviewed for possiblefuture applications
1997 Agreement after the introduction of DVB-T
L Band
1452 MHz to 1 530 MHz |BROADCASTING S-DAB 1479.5 MHzto 1492 MHz
BROADCASTING BROADCASTING- |T-DAB Maastricht 2002 special |1 452 MHz to 1 479.5 MHz
BROADCASTING- SATELLITE agreement
SATELLITE 5.345 Fixed

5.347

FIXED
MOBILE except
Aeronautical Mobile

5341
5.342
5.347A

Mobile except
aeronautical
mobile

5341 EU15

1492 MHz to 1 518 MHz
FIXED
MOBILE except

FIXED
MOBILE except
aeronautical

Defence systems

Low capacity fixed links

Aeronautical Mobile mobile
5.341 5341 EU2
5.342 EU15
1518 MHz to 1525 MHz |FIXED Defence systems

FIXED

MOBILE except
aeronautical mobile
MOBILE-SATELLITE

MOBILE except

aeronautical mobile

MOBILE-
SATELLITE (S-E)

Unidirectionalfixed links

(S-E) 5.348 5.348A 5.348 5.348A
5.348B 5.348C 5.348B 5.348C
5.341 5341 EU2
5.342 EU15
1525 MHz to1 530 MHz [FIXED Mobile satellite applications
FIXED MOBILE- Unidirectionalfixed links
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RR Region 1 Allocation [European Common Utilization Note
Alocation

MOBILE-SATELLITE SATELLITE (S-E)

(S-E) 5.351A 5.351A
SPACE OPERATION SPACE
(S-E) OPERATION (S-
Earth Exploration-Satellite E)
Mobile except

Aeronautical Mobile (5341 EU15

5349 5.351

5.354
5.341
5342
5.347A
5.350
5.351
5.352A
5.354
1,8 GHz
1785 MHzto1 800 MHz [FIXED Mobile applications
FIXED MOBILE Radio microphones Within the band 1 785.7 MHz to
MOBILE 5.384A 1 799.4 MHz
EU2

5.387 EU15

T he following table shows the nationd arrangements in UHF TV bands IV and V for PWMS goplications within

Europe.
Table C.2: National arrangements in UHF TV bands IV and V for PWMS applications
Country Radio microphones IEM |Comment | Reference
Austria 470 MHz 1614 MHz | 790 MHz 518 Interface Radio B10
to 606 to 790 to 862 MHz to
MHz MHz MHz 526
MHz
Belgium 518 MHz [534 MHz 854 MHz Licens e free
to 526 to 542 to 862
MHz MHz MHz
Bulgaria
Cy prus
Czech Rep.
Germany 470 MHz 1614 MHz | 790 MHz | 838 MHz Llfs:r:sgéc}t:gs Vig. 91/2005
to 606 to 790 to 814 to 862
MHz MHz MHz MHz
Denmark 800,1 MHz Dri 00 025
to
819,9 MHz
Spain
Estonia 470 to Esctgzlf;rnms; itz)vnaj
862 MHz Communications
Finland 470 MHz 790 MHz | 854 MHz Confirmed by
to 582 to 822 | to 862 FICORS 20 Sept
MHz MHz MHz
France 470 MHz 790 MHz Confirmed by ANFR,
to 790 to 830 5 Oct 2000
MHz MHz
Hungary
Ireland
Iceland
Italy
Lichtenstein | 47010 790 790 1o Ciense eaued |~ RIR0Z03 01 ow
MHz 862 MHz '
Lithuania
Luxembourg
Malta
Netherlands | 470 to 557 630 to 638 to 702 to 790 806 to 814 to Licens e free www.at-ez.nl
MHz 637 MHz | 701 MHz MHz 814 MHz 816
MHz
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Country Radio microphones IEM [Comment | Reference
Norway 800 MHz Licens e free
to 820
MHz
Poland
Portugal
Sweden 470 MHz 800 MHz Temporary use, | Confirmed by PTS,
to 790 to 820 |n|ic£\ér|1dsueal Nov 2006
MHz MHz
Slov akia
Slov enia
Switzerland
UK 470 MHz |606 MHz | 606 MHz | 854 MHz Usliireg;ogp lngoﬁllolcirEi;%n ’\t/laﬁzletso
to 598 to 790 to 854 to 862 1800 MHz for digital
MHz MHz MHz MHz radiomics only

NOTE 1: This table is for information only and does not constitute a statement of policy on behaff of any
Administration.
This table is incomplete and should be updated by the various national administrations to provide a picture
of the provision of spectrumfor PWMS across Europe.

NOTE 2: Usage in accordance with CEPT/ERC Recommendation 70-03 [4], annex 10.

NOTE 3: Ty pe of usage: Licence based sharing with broadcast stations and/or special licencefor PWMS.

C.1.3 Implication onradio services outside the proposed
frequency band

The PWMS channd is dways & least & a distance of channd spacing/2 from the respective band edge.

Out-of-Band and Spurious Emission perfformance will conform to the requirements of EN 300 422 [20], EN 300454 21
or EN 301 357 [22], as gppropricte.

The EMC performance will conform to EN 301 489-9 [23].

C.1.4 DutyCycle

No duty cyderestriction is proposed since typica usage indudes gpplicationsthat run continuous transmissions
eg. audio gpplications

C.1.5 Withdrawal of Band Ill channels in the UK

Freguencies between 211 — 217 MHz will cesse to be avalable after 31 December 2007 for Programme Making usein
the UK. Thismove will make way for more Digitd Audio Broadcasting (DAB) in the UK.

Replacement VHF spectrum has been identified and the new frequencies will become availabl e with immedi ae effect.
The weblink http://www.jfmg.co.uk/jfmgecom/Docs/BeforeandA fter.pdf provides full details of the new dlocations.

The amount of spectrum available for VHF wird ess microphones remains the same, dthough the new set of channds is
adjacent to an existing set.

Licensees have been contacted separatdy by letter with full details of how the migration to these new frequenci es will
work.

C.1.6 Co-ordinated award of 1785 - 1805 MHz in the UK and
Ireland

Ofcom (UK) and ComReg (Ird and) have agreed to auction the band 1785 — 1805 MHz, jantly, in Northern Irdenad
and Irdand. Plesse see http://www.ofcom.org. uk/consult/condocs/aw ard1785.
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C.2 Current ITU-R allocations

Professiond wird ess microphone systems communi cations are considered as an land mobile gpplication operated under
atide 4.4 of the Radio Regulaions.

C.3  Sharing issues

Sharing is required with dl radio services dlocated within the proposed frequencies of which some may be identified
by the ECC.

T he following technica aspects need to be taken into acocount as these will decrease the probability of interference with
the existing radio services:

. Sharing with satdliteradio recavers is facilitated through the professiond usage in confined usage aress,
i.e usage normdly doesnot take place a the same locations and is predominantly indoors.

. T he co-channd use of PWMS and T-DAB would cause interference to T-DAB reception and PWM S receivers
in many cases. However, it is assumed tha the adjacent channd operation may be possible in many cases with
significant improvement to the compatibility in bath directions. T he proposed sharing studies shoud show the
exact conditions for the future compatibility situation.

. The PWMS may suffer interferencei f used in the adjacent channd in dose proximity toaT-DAB transmitter.
T he proposed sharing studies should investigate the minma separation distances required.
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Discussion and simulation results of an applicable transmission

path loss model for Professional Wireless Microphone Systems
(PWMS)

Introduction

PWMS are intended for use in the entertainment and installed sound industry by professional
users involved in stage productions, public events, TV programme production, public and
private broadcaster’s installation in conference centres / rooms, city halls, musical and
theatres, sport / event centres or other professional activities / installation.

The planning of the audio transmission link is, in principle, subject to the following
characteristics:

e 100 % duty cycle!

e The audio application should guarantee extremely high availability and reliability.

e An applicable maximum distance between transmitter and receiver in combination
with guaranteed audio quality parameter in the minima of the RF transmission path.

e (Consideration of statistically variable disturbances on the RF (radio frequency)
transmission path in order to support of the audio application.

The statements listed below show well-known effects occurring in practice. To sum up, a
simplified and applicable transmission path model is being discussed.

We kindly ask interested experts to participate in this work and to supply important points.
Simplified Path Loss Model for PWMS

Fundamental considerations

A generic PWMS path loss model, based on dipole antennas, can be described as

PLFS + PLB + PLT + PLN + PGDV

PLgs - Basic free space path loss in the PWMS transmission path

PLg - Loss effected while carrying antenna on human body

PLt - Loss effected while tuning PWMS frequency away from antenna centre frequency
PLy - Additional loss in the transmission path notches by multi path and polarization fading
PGpyv - Applicable application gain by using antenna (space) diversity techniques

The free space path loss in the transmission path

PLgs [dB] = 32.44 + 20 logyo (d / 1000 ) + 20 logo (f)
d - path distance [m], f - frequency [MHz]

The minimal applicable PWMS receiver input signal has to be declared as being -80 dBm.
This level will support the absolute minimum audio S/N of 80 dB(A) in the transmission path
fading notches. Example: If the transmission path notch depth is 30 dB, the receiver input
signal outside the path notch has to be above -50 dBm.
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Free space level depending on microphone to receiver antenna distance
(50 mW ERP @ 650 MHz)

Simulated PWMS receiver input signal [dBm]

¥ PWMS application level limit

Note:

The free space simulation shows a very optimistic scenario.
A system plan on this basis would not be successful.

Typical receiver input level considering statistical distribution on transmission path
(50 mW ERP @ 650 MHz)

Simulated PWMS receiver input signal [dBm]

-20

- Typical antenna otputlevel

-an - !
[EI II - PWMS application level limit
\I_IL"|‘|~| rj’” -m Worstcase

40 TP dl /1l
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Note:
This simulation shows a typical signal strength distribution e.g. in theatres or sport halls
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Typical receiver input level by using space diversity antennas
(50 mW ERP @ 650 MHz)

Simulated PWMS receiver input signal [dBm]

-20

- Typical level on 1st antenna
-m Typical level on 2nd antenna

-¥ PWMS application level limit
- Worst case (free space + 30 dB)

-a0

-a0

Note:

The space diversity technique will provide a typical application gain of 6-8 dB.
Space diversity does not remove all fading notches on transmission path.

Modification of path loss depending on antenna distance to human body

Body pack antenna diagram simulation in free space (650 MHz)

Horizontal polarization diagram Vertical polarization diagram

Note:
The antenna simulations data’s and plots were created with CST Microwave Studio 2006
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Antenna diagram simulation with antenna at a distance of 500 mm from human body model

Horizontal polarization diagram

Body pack transmitter carried away from body

Vertical polarization diagram

Note: The worst case additional path loss is about 6 dB.

Typical examples of shielding by carrying a wireless microphone close to human body
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Body pack antenna diagram simulation with antenna worn on human body model

Horizontal polarization diagram

Body pack transmitter carried at body

Vertical polarization diagram
Note:

The additional path loss on the main axis is typically 15 dB and in worst case above 25 dB.
An effective frequency plan will always use the worst case loss.

Changes to path loss caused by antenna bandwidth whilst varying the centre frequency

Change of field strength as a function of Change of field strength as a function of
PWMS frequency variation PWMS frequency variation
at a distance of 100 m. at distances of 1, 10 and 100 m.
Distance [m] | 1 10 100
Frequency [MHZz] Field strange
[dBuV/m]

650 63,41 43,41 23,41
674 62,55 42,55 22,55

686 61,91 4191 21,91

698 61,11 4111 21,11
746 58,75 38,75 18,75

Note: A frequency variation within 200 MHz will cause an additional loss of up to 6 dB.
PWMS concepts with extended frequency agility will increase the path loss.
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Typical PWMS receiver input level with estimated path loss on body
(50 mW ERP @ 650 MHz)

The effect of the human body on PWMS signal strength without using space diversity

Simulated PWMS receiver input signal [dBm]

-10

I
—& Antennalevel with out boddy effect

—& Antennalevel including boddy effect

IL L - PWMS application level limit
IJ- FHH_ -l Worst case (30dB notches & 25 dB boddy effect)

1
I il il
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Note:

In a PWMS without using antenna diversity techniques the body effect will decrease the
system performance dramatically.

The effect of the human body on PWMS signal strength when using space diversity antennas

Simulated PWMS receiver input signal [dBm)]

-20

I
-& Antenna level including boddy effect
-8 Antenna2 level including boddy effect
,30 I
—x PWMS application level limit
l- _J . - Worst case with consideration of diversity gain
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Note: Usage of antenna space diversity techniques will stabilize PWMS operation.

The Problem: Not every audio application (e.g. most IEMs) can use diversity techniques.
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PWMS input receiver level monitored in a practical environment (835 MHz)

® RBW 1 MHz
*VBW 30 kHz

Ref -36 dBm *Att 0 dB SWT 10 s

=
EE
=

I AT AR AN

Center 835.4 MHz 1 s/

Date: 25.FEB.2005 10:26:39

Note:

This diagram shows a PWMS receiver input level recorded in the AWD Hall Hanover. The
distance between transmitter and receiver was about 25 m. Being shielded by the actor’s body
the direct path (LOS) signal was overlapped by the reflection path signal. The actor’s body
has been moved slowly. It is significant that at this distance the receiver input level falls
below the PWMS minimum required value.
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Worst case scenario

Components of microphone transmission path are described as:

e Microphone output power: 50 mW ERP
e PLgs - Free space path loss: 32.44+20*1og10(d/1000)+20*10g10(f)
e PLj; - Loss effected while carrying antenna on human body: up to 25 dB
e PLy - Additional loss in the transmission path notches: up to 30 dB
¢ PGpy - Gain by using antenna diversity techniques ~ 7dB
[ ]

PG, - Gain through receiver antenna

typical 10 dB

The worst case in a typical installation when using diversity receiver antennas is described as:

TotalLossWorstCaseD [dB] = 32.44 + 20*log;o (d/1000) + 20*logyy (f) + 25 +30-7 - 10

The worst case in a typical installation not using diversity receiver technique is described as:

TotalLossWorstCaseND [dB] = 32.44 + 20*log;¢ (d/1000) + 20*logyo (f) + 25 + 30 - 10

Simulation:
Simulated PWMS receiver input signal [dBm]

-¥- Worst case using diversity
-4 Worst case non diversity
- PWMS application level limit

\

Distance [m]

Results:

For the worst case, in non diversity systems a distance of about 15m and in diversity systems
a distance of about 32m can be guaranteed. A larger distance will be possible by increasing

the radiated output power.

Conclusion

The examples shown above demonstrate the situation in the PWMS transmission channel. It is
often assumed to be a simple LOS scenario, but in reality the situation is totally different.

There are even additional interference problems on a PWMS audio link which effect system
performance (e.g. Interference, Man Made Noise, antennas placed in actor make-up or on

stage placed installations), but they have not been covered here.
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Applicable Receiver Parameter for PWMS below 1 GHz

Introduction:

PWMS must produce high-quality audio results in a difficult environment. Therefore technical minimum
parameters are described, which are to be fulfilled. On basis of standardized measuring procedures
good reproductibility has to be achieved.

General test requirement:

e The test equipment is installed and operated under the conditions described by the
manufacturer. The operating and environmental conditions are enclosed.

e Oninput and output only analogues audio signals are connected. Digital signals must be
converted by manufacturer adapters into analogue input and / or output signals.

e With diversity receivers both receiver channels must be examined. The worst case results
must be indicated.

e STEREO receiver will be measured in MONO mode

Definition:

The sensitivity of a receiver is a measure of its ability to receive weak signals and to produce an output
having usable strength and acceptable quality (ITU-R-SM331).

Test set up:

Procedure:
e Set signal generator A on receiver frequency (fc)
e Set signal generator A RF output level to -120 dBm
e Set signal generator A to Modulation FM, Deviation +/- 24 kHz, AF 1000 Hz
e Modify signal generator A RF output level until receiver S+N/N (Noise and Signal level divided
by Noise level) degrades to 80 dB(A). If the used audio compander technique required
alternative can be measured on a limit of 30 dB SINAD.

Limits: The typical receiver sensitivity must be below -90 dBm.
For miniaturized body worn receiver a sensitivity of -85 dBm is applicable.

Experimental results:

No | Receiver Receiver Sensitivity [dBm] 80 dB S+N/N 30 dB SINAD
1 Sample 1 -97 X -
2 Sample 2 -94 X -
3 Sample 3 -98 - X
4 Sample 4 -97 X -




Co-channel rejection level

Definition:

The PWMS Co-Channel rejection level will be calculated as the level of the unwanted signal to the

level of the wanted signal which degrades the receiver output audio S+N/N to 80 dB(A).

Signal

generator
A
Combiner
Signal |

. AF load / A-
» E%(;?I;fsrt »| acoustic p| weighting
coupler S/N meter

generator

Procedure:

e Set signal generator A on receiver frequency (fc)

SINAD.

Limit: No limit required at this point.

Experimental results:

Set signal generator A RF output level measured at receiver input to -80 dBm
Set signal generator A to Modulation FM, Deviation +/- 24 kHz, AF 1000 Hz
Set signal generator B on receiver frequency (fc)
Set signal generator B RF output level to -120 dBm

Set signal generator B to Modulation FM, Deviation +/- 24 kHz, AF 400 Hz
Modify signal generator B RF output level until receiver S+N/N degrades to 80 dB(A). If the
used audio compander technique required alternative can be measured on a limit of 30 dB

No | Receiver Co-channel rejection level [dBm] 80 dB S+N/N 30 dB SINAD
measured at combiner output
1 Sample 1 -103 X -
2 Sample 2 -105 X -
3 Sample 3 -98 - X
4 Sample 4 -101 X -

Co-channel rejection ratio

Procedure:

e Compute the difference of -80 dBm and co-channel rejection level

Limit: The applicable protection ratio suggestion is 30 dB. The results shall be below this limit.

Experimental results:

No | Receiver Co-channel protection ratio [dB] 80 dB S+N/N 30 dB SINAD
1 Sample 1 23 X -
2 Sample 2 25 X -
3 Sample 3 9 - X
4 Sample 4 21 X -




Selectivity
Definition:

The selectivity of a receiver is a measurement of its ability to discriminate between a wanted signal to
which the receiver is tuned and unwanted signals. Selectivity is specified as the ratio (in dB) of the
adjacent channel signal level to the assigned channel signal level. For PWMS application the receiver
selectivity will be measured in an offset of f¢ +/- 0.4 MHz.

Test setup:

Note:

There are many receiver characteristics which are in principle measured with the same test set up.
Because the measured results often overlap themselves the selectivity measurement will be
summarized with the Blocking or Desensitization Level measuring method.

Blocking or Desensitization Level

Definition:

Receiver blocking or desensitization occurs when a strong off-channel signal overloads a receiver
front end and thus reduces the sensitivity to weaker on-channel signals. This occurs when an
undesired signal is very close to a nearby receiver's operating frequency.

Signal

generator
A L - AF load / A-
Combiner E%?e?lrssrt acoustic p-| weighting
Signal | coupler S/N meter
generator
B

Y

A 4

Procedure:
e Set signal generator A on receiver frequency (fc)
e Set signal generator A RF output level measured at receiver input to -80 dBm
e Set signal generator A to Modulation FM, Deviation +/- 24 kHz, AF 1000 Hz
e Set signal generator B modulation to an CW RF output signal (un-modulated)

Set signal generator B on receiver frequency add a blocking offset of fc-100 MHz

Set signal generator B RF output level to -120 dBm

Modify signal generator B RF output level until receiver S+N/N degrades to 80 dB(A). If the
used audio compander technique required alternative can be measured on a limit of 30 dB
SINAD.

e Repeat the last 4 measurement steps with the f; offsets of -20 MHz, -5 MHz, -1 MHz, -0.4
MHz, 0.4 MHz, 1 MHz, 5 MHz, 20 MHz and 100 MHz.

Note: The spurious frequencies are part of receiver mask

Limits: No limits required at this point



Experimental results:

No | Receiver Desensitization level [dBm] measured at combiner output
Freq. offset - 20 | -5 -1 |-04] 04 1 5 20 | 100 | 80dB | 30dB
[MHz] | 100 S+N/N | SINAD
1 Sample 1 3 -7 |10 | -16 | 17 | 18 | -15 | 12| -9 0 X -
2 Sample 2 5 5 0 -17 | -24 | -24 | -17 0 -16 5 X -
3 Sample 3 8 -7 6 | 14| 22 | -22 | -14 | -7 -5 2 - X
4 Sample 4 4 0 -2 -8 | -14 | 14 | -8 -1 0 4 X -
Desensitization rejection ratio
Procedure:
e Compute the difference of -80 dBm and desensitization level
Limits: The results must be above the limits in the table below.
Frequency offset Desensitization rejection ratio limits [dB]
[MHZz] -100 | -20 -5 -1 -04 | 04 1 5 20 | 100
65 65 65 60 50 50 60 65 65 65
Experimental results:
No | Receiver Desensitization rejection ratio [dB]
Freq. offset | -100 | -20 | -5 | -1 | -04 | 0.4 1 5 20 100 | 80dB | 30dB
[MHZz] S+N/N | SINAD
1 Sample 1 83 73 |70 | 64 | 63 | 62 | 65 | 68 | 71 76 X -
2 Sample 2 85 85 | 80| 63 | 56 | 56 | 63 | 80 | 74 85 X -
3 Sample 3 88 73 |74 | 66 | 58 | 58 | 66 | 73 | 75 82 - X
4 Sample 4 84 80 |78 | 72 | 66 | 66 | 72 | 79 | 80 84 X -




Experimental results of PWMS receiver mask:

Frequency offset PWMS receiver mask [dB]
[MHz] -100 |-20|-5|-1[-04[-0.1[0.1][04| 1 |5 |20/ 100
Limit 65 | 65 |65[60| 50 | -30 |-30| 50 |60|65|65| 65
Sample 1 83 |73 |70|64| 63 | 23 |-23|62 |65|68|71| 76
Sample 2 85 | 85|80[63| 56 | 25 |-25|56 | 63|80 (74| 85
Sample 3 88 |73 |74|66| 58 | -9 | 9 |58|66|73|75| 82
Sample 4 84 |80 |78[72| 66 | 21 |-21|66 |72|79|80| 84

Note:

The table entry at fc +/- 0.1 MHz will be described by negative value of co-channel protection ratio.

Receiver mask build from experimental results:

PWMS Receiver Mask

100

80 -+

60 -

40 |

dB

20

-20 -

Y- =]

-40

Frequency offset [MHz]

= = =|imit Sample 1 —6—Sample 2 Sample 3 —¢— Sample4




Intermodulation / Interferer level

Signal
generator [
A

Signal .

mbiner
Qen%rator i Combine under test

. AF load / A-
Receiver »| acoustic p{ weighting
coupler S/N meter

A 4

Signal
generator [
C

Procedure:

e Set signal generator A on receiver frequency (fc)

e Set signal generator A RF output level measured at receiver input to -80 dBm
e Set signal generator A to Modulation FM, Deviation +/- 24 kHz, AF 1000 Hz
e Set signal generator B modulation to an CW RF output signal (un-modulated)
e Set signal generator C modulation to FM, Deviation +/- 24 kHz, AF 400 Hz

e Set signal generator B & C RF output levels to -120 dBm

e Set signal generator B on receiver frequency fc - 400kHz

e Set signal generator C on receiver frequency fc - 800kHz

e Modify signal generator B&C RF output levels (B equal C) until S+N/N degrades to 80 dB(A).
If the used audio compander technique required alternative can be measured on a limit of 30 dB
SINAD.

e Set signal generator B & C RF output levels to -120 dBm

e Set signal generator B on receiver frequency fc + 400kHz

e Set signal generator C on receiver frequency fc + 800kHz

e Modify signal generator B&C RF output levels (B equal C) until S+N/N degrades to 80 dB(A).
If the used audio compander technique required alternative can be measured on a limit of 30 dB
SINAD.

Experimental results:

No Receiver Interferer level [dBm]
- Lower band Upper band
1 Sample 1 -40 -40
2 Sample 2 -40 -40
3 Sample 3 -39 -39
4 Sample 4 -31 -31

Intermodulation rejection

e Compute the difference of -80 dBm and level in Results(6)
Limit: The Interferer rejection must be above (35) dB.

Experimental results:

No Receiver Interferer rejection [dB]
- Lower band Upper band
1 Sample 1 40 40
2 Sample 2 40 40
3 Sample 3 41 41
4 Sample 4 49 49




Test Procedure for Professional Wireless Microphone System Receivers
(updated 05-02-07)

Introduction:

PWMS must produce high-quality audio results in a difficult environment. Therefore minimum technical
parameters are described, which are to be fulfilled. On basis of standardized measuring procedures
good reproducibility has to be achieved.

General test requirement:

e The test equipment should be installed and operated under the conditions described by the
manufacturer. The operating and environmental conditions are enclosed.

¢ Oninput and output only analogue audio signals are connected. Digital signals must be
converted by manufacturer adapters into analogue input and / or output signals.

e With diversity receivers both receiver channels must be examined. The worst case results
must be indicated.

e Analogue STEREO receivers must be measured in MONO mode

Part1: Test procedure for analogue receiver

Definition:

The sensitivity of a receiver is a measure of its ability to receive weak signals and to produce an output
having usable strength and acceptable quality (ITU-R-SM331).

Test set up:

Procedure:
e Set signal generator A to receiver frequency (fc)
e Set signal generator A RF output level to -120 dBm
e Set signal generator A to FM modulation, deviation +/- 24 kHz, AF 1000 Hz
e Modify signal generator A RF output level until receiver S+N/N (Noise and Signal level divided
by Noise level) degrades to 80 dB(A). If required, depending on the analogue audio
compander technology used, the sensitivity can alternatively be measured on a limit of 30 dB

SINAD.
¢ Record the RF level indicated by signal generator and the measurement result method in the
table below.
Results(1):
No | Receiver Receiver Sensitivity [dBm] 80 dB S+N/N 30 dB SINAD
1 Sample 1
2 Sample 2

Limits:

The typical receiver sensitivity must be below -90 dBm below 1 GHz and -93 dBm above 1 GHz.
For miniaturized body worn receivers a sensitivity of -85 dBm below 1 GHz and -88 dBm above
1 GHz is applicable.




Co-channel rejection level

Definition:

The PWMS Co-Channel rejection level will be calculated as the level of the unwanted signal to the
level of the wanted signal which degrades the receiver output audio S+N/N to 80 dB(A).

Signal
generator
A L - AF load / A-
Combiner |— E%(;?I;fsrt »| acoustic —| weighting
Signal | coupler S/N meter
generator
Procedure:

e Set signal generator A to receiver frequency (fc)

Set signal generator A RF output level measured at receiver input to -80 dBm

Set signal generator A to FM modulation FM, deviation +/- 24 kHz, AF 1000 Hz

Set signal generator B to receiver frequency (fc)

Set signal generator B RF output level to -120 dBm

Set signal generator B to FM modulation, deviation +/- 24 kHz, AF 400 Hz

Modify signal generator B RF output level until receiver S+N/N degrades to 80 dB(A). If

required, depending on the analogue audio compander technology used, the co-channel

rejection can alternatively be measured on a limit of 30 dB SINAD.

e Record the generator B RF level measured at receiver input and the measurement result
method into the table below

Results(2):

No | Receiver Co-channel rejection level [dBm] 80 dB S+N/N 30 dB SINAD
measured at combiner output

1 Sample 1

Sample 2

Limit: No limit required at this point.

Co-channel rejection ratio

Procedure:
e (Calculate the difference between -80 dBm and co-channel rejection level recorded in
Results(2)
¢ Record the result and the measurement result method in the table below
Results(3):
No | Receiver Co-channel protection ratio [dB] 80 dB S+N/N 30 dB SINAD
1 Sample 1
Sample 2

Limit: The applicable protection ratio suggested is 30 dB. The results shall be below this limit.



Selectivity
Definition:

The selectivity of a receiver is a measurement of its ability to discriminate between a wanted signal to
which the receiver is tuned and unwanted signals. Selectivity is specified as the ratio (in dB) of the

adjacent channel signal level to the wanted channel signal level. For PWMS applications the receiver
selectivity will be measured at an offset of f¢ +/- 0.4 MHz below 1GHz and fc +/- 0.5 MHz above 1GHz.

Test setup:

Note:

There are many receiver characteristics which are in principle measured with the same test set up.
Because the measured results often overlap themselves the selectivity measurement will be
summarized with the Blocking or Desensitization Level measuring method.

Blocking or Desensitization Level

Definition:

Receiver blocking or desensitization occurs when a strong off-channel signal overloads a receiver
front end and thus reduces the sensitivity to weaker on-channel signals. This occurs when an
undesired signal is very close to a nearby receiver's operating frequency.

Signal

generator
A L - AF load / A-
Combiner E%?e?lrssrt acoustic p| weighting
Signal | coupler S/N meter
generator
B

A 4
Y

Procedure:
e Set signal generator A to receiver frequency (fc)
e Set signal generator A RF output level measured at receiver input to -80 dBm
e Set signal generator A to FM modulation, deviation +/- 24 kHz, AF 1000 Hz
e Set signal generator B modulation to a CW RF output signal (un-modulated)

Set signal generator B to receiver frequency add a blocking offset of fz-100 MHz

Set signal generator B RF output level to -120 dBm

Modify signal generator B RF output level until receiver S+N/N degrades to 80 dB(A). If
required, depending on the analogue audio compander technology used, the desensitization
level can alternatively be measured on a limit of 30 dB SINAD.

e Record the generator B RF level measured at receiver input and the measurement result
method in the table below

Repeat the last 4 measurement steps with the f¢ offsets of

below 1 GHz: -20MHz, -5MHz, -1MHz, -0.4MHz, 0.4MHz, 1MHz, 5MHz, 20MHz and 100MHz
above 1 GHz: -20MHz, -5MHz, -1MHz, -0.5MHz, 0.5MHz, 1MHz, 5MHz, 20MHz and 100MHz.

Record the measurement results in the table below.

Note: Any spurious response frequencies are to be considered part of the mask and should be
avoided by at least twice the IF bandwidth.



Results(4):

No | Receiver Desensitization level [dBm] measured at combiner

output
Freq. offset | -100 | -20 [ -5 [ -1 [ -04" [ 04" [ 1|5 20 | 100 80 dB 30dB
[MHZz] or or S+N/N SINAD
-0.5° | -0.5°
1 Sample 1
2 Sample 2
" below 1GHz

2 above 1GHz

Limits: No limits required at this point

Desensitization rejection ratio

Procedure:
e (Calculate the difference between -80 dBm and desensitization level recorded in Results(4)
e Record the result in the table below

Results(5):

No | Receiver Desensitization rejection ratio [dB]

Freq. offset [MHz] | -100 | 20 [ -5[-1]-04" [ 04" [1|5]20 | 100 | 80dB | 30 dB
or or S+N/N | SINAD
-0.5% | -0.5°

1 Sample 1

2 Sample 2

" below 1GHz

2 above 1GHz

Limits below 1 GHz: The results must be above the limits in the table below.

Frequency offset Desensitization rejection ratio limit [dB]
[MHz] -100 | -20 -5 -1 -04 | 04 1 5 20 | 100
65 65 65 60 47 47 60 65 65 65

Limits above 1 GHz: The results must be above the limits in the table below.

Frequency offset Desensitization rejection ratio limit [dB
[MHz] -100 | -20 -5 -1 -05]05 1 5 20 | 100
60 60 60 53 47 47 53 60 60 60

Note: Table has been updated (02-05-07)

PWMS receiver mask:

Frequency offset [MHZz] PWMS receiver mask [dB]
-100[-20|-5|-1]-05]-04]-0.1] 0.1 | 0.4 |[05] 1 | 5 [20|100
below 1 GHz 65 | 65|65]|60| 55 | 47 [-30'|-30"| 47 |55 |60|65|65]| 65
above 1 GHz 60 | 60 [60[53] 47 [-30°|-30' [-30"[-30°| 47 |53 |60|60]| 60
Sample 1
Sample 2
Notes:

1)

2 The table entries at f; +/- 0.1 MHz are described by negative value of co-channel protection ratio.

The table entries at fg +/- 0.5 MHz are connected to the possible higher receiver bandwidth above
1 GHz and will also be described by negative value of co-channel protection ratio.




PWMS Receiver Mask
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Intermodulation / Interferer level

Signal
generator [
A

Signal g . AF load / A-
generator Combiner > u?%%?l\t/eesrt acoustic »! weighting
B La coupler S/N meter

\ 4

Signal
generator

Procedure:

e Set signal generator A to receiver frequency (fc)

e Set signal generator A RF output level measured at receiver input to -80 dBm
e Set signal generator A to FM modulation, deviation +/- 24 kHz, AF 1000 Hz

e Set signal generator B modulation to a CW RF output signal (un-modulated)
e Set signal generator C to FM modulation, deviation +/- 24 kHz, AF 400 Hz

e Set signal generator B & C RF output levels to -120 dBm
e Set signal generator B to receiver frequency fc— 0.4 MHz below 1 GHz or -0.5 MHz above 1 GHz
e Set signal generator C to receiver frequency fc — 0.8 MHz below 1 GHz or -1.0 MHz above 1 GHz
e Modify signal generator B&C RF output levels (B equal C) until S+N/N degrades to 80 dB(A).
If required, depending on the analogue audio compander technology used, the intermodulation
level can alternatively be measured on a limit of 30 dB SINAD.
¢ Record the generator B&C RF level measured at receiver input in the table below (lower band)

e Set signal generator B & C RF output levels to -120 dBm
e Set signal generator B on receiver frequency fc + 0.4MHz below 1 GHz or +0.5MHz above 1 GHz
e Set signal generator C on receiver frequency fc + 0.8MHz below 1 GHz or +1.0MHz above 1 GHz
e Modify signal generator B&C RF output levels (B equal C) until S+N/N degrades to 80 dB(A).
If required, depending on the analogue audio compander technology used, the measurement can
alternatively be taken on a limit of 30 dB SINAD.
¢ Record the generator B&C RF level measured at receiver input into the table below (upper band)



Results(6):

No Receiver Interferer level [dBm]
- Lower band Upper band
1 Sample 1
2 Sample 2

Intermodulation rejection

e Calculate the difference between -80 dBm and level in Results(6)
e record the result in the table below

Results(7):

No Receiver Interferer rejection [dB]
- Lower band Upper band
1 Sample 1
2 Sample 2

Limit: The Interferer rejection must be above 35 dB below 1GHz or 30 dB above 1 GHz.

Part 2: Modification of test procedure for digital receiver test

Basically the same test procedures as for analogue systems shall apply. Where appropriate, A/D or
D/A converters shall be provided by the manufacturer.

1.) Signal generator A (“wanted signal”) shall be replaced by the following setup:

Modulation input

RF connector

analggue -
Audio
Source | ) Tx > — Variabl
— Variable -
ADC : — Attenuator
Wanted signal
Shielded box

The Transmitter (Tx) shall be provided by the manufacturer. The Tx is modulated by an analogue or
digital audio signal. In the latter case an analogue-digital-converter (ADC) will be used. The output of
the transmitter is fed to an RF-connector (directly or via an antenna), The level of this RF signal shall
be measured by a spectrum analyser, adjusted by an attenuator according to the test procedure used
as wanted signal. This setup allows the use of different digital modulation techniques used by different
manufacturers.

The modulation level shall be 6dB below the level when ADC clipping occurs, AF 1000Hz

Notes:

The ‘Shielded box’ must shield all inputs (for example, audio signal or DC power) by better than 60 dB
to all points at the connected receiver under test (DUT).

Shielded boxes can be replaced by EMC test chambers or GTEM cells.




2.) Receiver audio output :

The same performance criteria as for analogue receivers shall apply.
Digital audio output signals shall be converted to analogue signals using a DAC provided by the
manufacturer; the analogue signal shall be the measure for the performance.
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